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V~2oé1[J —towland'plant cvmmunity They deVeloped al"&: o
o di‘t-ncLive increasing moisfure gradlent ('dry ‘,v:f>' T

, and wet'sedge

”<partion of th
'Q>Was thevdominant meadow species and was intensively‘stoaﬁeZ"
‘v;from a number of autecological aspects. The Studles reported;

,*i_in this thesiﬂ represent 1 - 4 seasons of data.

"g  and possessed prominent but poorly vegetated m1nera1 frost-
:elboils.'Hummocky meadOWS were,totally vegetated and had a g
?fd stinctive hummock/hollow P ySLOgraphy. The more unifoi
'itopography and plaﬁf/zoyer ') ‘the wet meadows developed

"_a result of the seasonal f _.1,g found 1n theserhabltat -

- ,(late June,--early

RURT B

/

Se48e~m055 meodows were %he dominant (41 ’1767‘hé)wi,

con tit&ted 6zree basic cqmmunity types"frost b01L,f,
,moss meadowg Moﬁocots (primarlly sed"

the predbmina 1t community/plants and prov1ded the -

plant bioﬁéss and cover. Carex stans

Frost-boil meadows were. only partlally (581) vegetated "
-f s

e

. Communlty vascular plant c'mp051 on, mlcrocllmate, 5011,

g . N
and physiOgrapﬁic data.we,e collec d 1n representatlve

-7,Ymeadow stands ofjeach:eo ‘unlty type and prov1ded the/data -

l

\tlal meadow grow1ng sy ason averaged SO days (45 - 55) and

although plant growt begin 1mmed1ately after snowmelt_g:

ly) it d1d not reach 1ts peak deveIOp-a;

V‘ment unt11 early to mid—August Meadow plants showed,a net

;e

. SND
u. .

°



fl2 -3 weeks before the onset of extended perfods of incle-~»

;peaked by early to- mid-August. Monocots,»primagily Carex

faboveground prOdUCthﬂ- : L /

.vpositive tiller total lLaf 1ncrement for only a 20\— QQ day

”intervalwover‘thé potentidl growing season. Growth ceased

\

w'ment weather. Meadow flowering«rates were low ( < 107) and

"reflected the previous season s growth conditions.u
) 1

' Sedgermoss meadow standing crops and primary productlon .

‘stans, contributed the maJor (85 - 95 4) - portion .of tge 4
*icommunity biomass and primary productio Peak season average
f‘total biomass ranged from\\gl g/m2 (fro:tghoil meadow) to
A}2316 g/m2 (hummocky meadow) Of the total b:zmasa*“80/~'90%

--rwas of lowground structures. The maJority (854) of the

biomass was coucentrated in the upper 20 cm of the 5011

-proﬁile.‘Of the total root bzomass 52% consisted of 11ve»

root‘material Total seasonal productiyity averaged 87 g/m

an 1n¢reas1ng habitat mOlStUre ('dry - flooded) gradlent.

fBelowground net primary production was 150/ higber than the

/

Seasonal community chlorOphyll and photOSynthetic leaf

) area 1nd1ces paralled the deveIOpment of the aboveground

wiblomass. Peak’ communlty chlorophyll H@vels ranged from

?(frost*@oll meadow) to 174 g/m (wet meadow) and reflected o

‘e

& 162 mg/mZ (frost boxl meadow) to 283 mg/m2 (wet meadow) Qﬁq< o

'che correSpondlng gre\\\tissue”ieaf area\\ndlces Were 0 31

0. 63._ LT e

:and D 38 The hummocky meadow as a result of its higher

v (70 - 1004) stem den51t1es had a green leaf area 1ndex of

(._ S

<L



'to al tlller welght. Tiller carbohydrates exhlblted a

v" /bh racterxstlc early season depletlon of,belowground

T~ r,serves in malntalnxng abovegr?und growth and a corrsepon—

1ng late season belowground translocation to compensate ST

Eor these deﬂlCltS- Reproductlve sedge tlllers possessed
latger aboveground and correspondlng lower belowground /
carbohydrate levels than d1d non- reproductxve tlllers.

) WOody plants had the hlghest (> 5000 cal/g) and monocots
. “the lowest (< %750 cal/g) energy content of any. of the

.meadomasonal energy content of the plants varled

-by less than 2%. Varlatlon i tlssue chemlcal levels Sée

ﬂ;;)_on the order of 15 ‘ 20%. Forb materials had chemlcal levels

57, hlgher than those in comparable monocot and woody plant

’ ~~

ClSSUES. Live - aboveground\tlssues on the average maxntalned'
!

,chemlcal levels 120% higher than those 1n dead and in below-
i PR
ground structures.

The lowland sedge-mOSS meadows were the most exten51vely_

— vegetated and most productlve plant communltles in- the
, Truelove Lowland These high arctlc meadows are merelx latl-
Vtundlnal exten51ons of their- low arctlc counterparts and
;Mé\\ - uhen compared to 51m11ar low arctlc meadow communltles thelr—
i-i;'i. ”plant blOmaSS and phySlologlCal parameters were lower (ca. 50%) .

Meadow 5011 m01sture was the most lmportant env1ronmenta1

P factor and had a p051t1ve ‘affect on. both communlty blomass and

: pproductlon Meadow plants appeared hlghly eff1c1ent in thelr

utlllzatlon and\conservatlon of llmlted nutrlent and energy
. / .

Vll




resources. An ability }to 'internally cdﬁtrol'\the extent of

séasonal growth so'és o maintain a consistant growth level .
from year to year, wgs Qhother successful adaptxve strategy 
pused by the meadow plants. The ability of the meaépw plants
;tO'acéomodatekthe severity, of the high;afctié enQi;Qnment
Qas a ﬁ&jor contribution tl their ecblogiqal éuccé§é\@nd

importance in the.high arctic ecosystem.
, , p
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INTRODUCTION

ratd environméht Although sedge-grass meadows

1anscape component in\thg Queen I .

c-’thelr im/g;haﬁEe as muskox and wa;erfowl habitat. Generaly

g
..... e T

theSe “lush' meadow communities are located within-coastal

|
Iowlands or in valley basins and their developmenp is

e

dependent on i peded ‘drainagée. The extensive planh cover and
vigorous plan growth of these communitles is a sharp cont-

rast -to the

egetative sparseness of the predominating true
»
Polar and Fblar Semi - desert landscapes. ’ j‘

4

The T elove Lowland on the northeastern coastline ' A
/ Lo

, 84° 40' W) of Devon Island contalns re¢resen-

[FA N

.

1

p tativé plant communities of other high arctlc areas and an
ven51ve (414 land’ surface area) development sedge moss
meadow commun1t1es As a result of .its habr;dt d1versxty,-1ts'
,,105151tc proxlmlty touResglgfe BEZ’ Cornﬁallls Island; its
=local populatlon of m&;ﬁox and”;arrgty of w1ld11fe, its
llmlted size and naturally_englosed area; exlstan o of an .
= establlshed (1960) Arcélc Institute of North\kmeruca base
camp; and the corréspondlng accumulatlon of scientific back-
ground information- from pIEVlOUS studles, the_Truelove'
Lowland was chosen as the experimental high arctic study.

51te for the Canadlan IBP - Tundra Biome Study

—— J—-t
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Geogrsphically comparable (°N) ome Tundra Biome .°
- Studies were cohduéted inoGrﬁenland (Disko Island) U S S.R. .’

(Taimyr)%ahd UaB A. (Barrow,;A1AQka) (Heal 1971) This

o

- » Te
study was ehe_gnly high«aréttc ocosynt&m invectigucion . .
N : v
withig the IBP Tux’ﬁrn Biomp Prograw T ’
—

Early scientific studies in the Truelovex%owland vere

prfmarily geological and megsgrglugical in nature (Cowie '

1961, Gill 1963, ﬁing 1969 “Barr '1971). Subsequent biolo- e

ogically- oriented étudies Wete carried out by Barfett (1972)
Hussell (1972), and TeerL (1972).4 L -

v - @
o

This study was carried out during Late June through e

bE /r-

tate, August (growiﬂg season) 09'1970‘- 1972°6nd during

., early to mid- August (peak season) in 1273 Its ob}e¢tives' T

. ’ ) Q : .. n’ .
were-to: : o ' S
, ] . 3 . /‘ . o . ) <
S 1. Determlne the diverslty of the lowland sedge moss«;io
‘a 3 o oy,
ﬁeadow complex and quanuitatlvely\characterlze the maJor s
" meadow types. , L T i e f e

-2, Determine thewvescular rlant standiﬁg,erbpe'io )
the major mead;Q co&gun;ty t§ eSQEnd determihe the ;eas6321”
1ncrement in both aboveground and belowground productbon.'

_ 3~ Correlate abovegrouna plant growth rates &nd i?

carbohydrate, nut

S

ft, and chlorOphgll content to the‘net

~ primars

productlom w1th sp@c;flc reference to the domlnant

-8

e,
meadow species Carex stans Drej :

< o . 'Q
-0 .

feﬁ{
4 Compare thefdlfferences in %1olog1cal parapeters S
o

w1thtn the main’ sédgg%ﬁst meadow communlty types and to a

°
lesser degree with those reported for raLsed beach and’ rock

.. c . N ‘R’ C'
outcrop Communltles. A S '

]

. R e a
E 9 :
s . .



LTI

‘studles as well as Walker“and Pe'tersJ (1976) meadow soxl

»
alnvestlgatlons. In Eurn, thesp and othef data prov1ded the_

- ecosystem.,

The sedge moss meadow studles compllmented and drew,

upon Courtln ‘and Lablne s (19763 meadOW°meteorolog1ca1L

f

basxs Fér ia modelled synthe515 (Whltfleld 1976) of a sedgeﬁ'

‘mosh,meadow:system and 1ts role ln the overall lowland {

~ . . A

G
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‘ Locatlon and Descrlptlon

Devon Island, w1th an area of appro 1mately 54000 km2

5

g is the second largest 1s;andn1n the Quee Fllzabeth Islands

¢

group (Fig. I)ﬁ Coliectiuely the Queen E 1zabeth Islands'“V;

(75¢ N) and leands,ammedlately south, ¢ nétltute the

;Canadlan.Arutlc Archlpelago or true ngh‘ArCth. Devon

:nt ,\. L S

'Island fs con51dered to 11e w1th1n the egstern sector of

& om

the. Canadlan‘Arctlc Archlpelago.

Az ’
Devon Island, con51sts of an- eastern'hlghland area of
_”Precambrlan shleld rock covered w1th an exten51ve (15568 kmz)
1ce cap (KOerner 1966), a west central plateau reglon of

: crystalllne rocks overlaln by'sedlments, and a northern e

 up1and area w1th 51m11ar strata but show1ng eVLdence of
._ exten51ve foldlng and tlltlng (Dunbar and Greenaway 1956)

.The maJor concentratlons of plant and animal llfe on the
L, :

™~ The Truelove Lowland (43 km?) is one of Five

consecutlve coastal lowlands along: the northeastern coast"‘

. &
of Devon Island and in total they encompass<an areaﬂof o o
‘274 ka The Truelove LOWLand is d111neated by a shorellne S

° .
'(24 km) on its north and west 51des, by steep granltlc

cliffs (300 m above sea level) on the south sLde, and
N ‘. . . .

equally steep and hlgh sedlmentary cllffs on the east side

(Flg 2)
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" {open) data were collected. .
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‘V'WEeglegx'“ - L
'i o) The basement platform of the Truelove Lowland con51sts///‘fL;V

AT

‘”fof metamorphlc crystalllne rockh; pr‘marlly granulites and

_/

‘ PR
‘-gneisses. The overlying sedlmentary dep051ts con31st of a_*

”-A'basal‘dep051t of conglomerate sandstone (2 3 m) overlald
‘gby Lambrlan dolomitic materlal A fault (Tertiary event)

1along the southern edge of the Truelove Inlet resulted in

e

‘a subsidence of. the northern block by approxlmately 300 m,f"

s(Kruplcka 1973).,Relief in the lowland ranges from 15 21-

30.5 m: (Klng 1969)+ ";u1. I ‘,‘v;,‘f s f,_1~a w-fﬁ

fPerlglacial Historg fuv”. o : ;-‘AVﬁ'ﬂf;~-; ;fl; t‘ 'Qf"“

'Radiocarbon datlngs and anc1ent lowland marlne llmits |
'shown_he areauto have been ice- free 51nce ca..9450 B.P« _J 1A‘lpfr¥

"T?and the total post glac1a1 Upll;t tu”be on the order of

'=n107 ‘m (Barr 1971). . Inltial 1sostatlc upllft (2 5 m/century)
“1occurred from 9450 - 8860 B P., decreased to 0 9 m/century .

"from 8860 = 7000 B. P., and has remalned at 0 2 m/century

'over the Aast 5000 years (Klng 1969) Recent ev1dence "Qf.f
'ﬁhp(Roots 1963) suggests that eustatlc rlse of the sea may

*,have surpassed lSOSCath rebound of the lowland by

.

y lowland physxography 1s a reflectlon of land formlng
'3,*processes actlve 1mmed1ately after deglac1atlgn (9450 B P. ) ' ;.w,
but 51gn1f1cantly subdued at the present tlme (Klng'1969)

L

Slmllarlly freeze ~-thaw . phenomena such as’ Sollfluctlon, rf

CryOturbatlon,_and Congellfractlon appear to be less

’npronounced at the pqesent tlme. S :v’ : f,]'- ‘fA3 :ay:Q



‘:f:along the base of t

‘ ﬁdevelop 1n poorly drained, low lyx

T»h~evera1 thousand\yea'
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Phybiographx 3

Freshwater bodies cover ‘an extensive portlon (ca. 224)4

hiuof the lowland area (Table 1).~Radsed beaches represent 20% R

-~

of- the lowland and gran1t1c rock outcr0pp1ngs, prxmarlly
falong the northeastern coastllne; another 12%. Rad;ocarbon
ifdatlngs of 10W$and ralsed beaches range from 9360 B P-,H,:"»

plateau to 2950 B. P. tor a ralsed

.5‘beach along the western fyastllne (Barr 1911) Sedge-moss L

lmeadows represent 414 of the' owland area. They prlmarlly{ d’rjiC
"areas between beach o
.:,ridges. Taking into account the propo§e ages of ralsed

hbeaches 1n dlfferent areas of the lowland an:'the poor “}h_

Jdegree of sedge* oss meadow deveIOpment along th western

‘portlon of the low?and it mlght be suggested that\lt takes"r

for an area thh 1mpounded waters toﬁff*

!

Cfdraln suff1c1ent1y for stabllshment of meadow vegetatlon.w

“j(Bllss 1§$€

”chones Sound Th‘ meadows ther

. ,"Cllmate o L e l'fy .
RS ALY RN - .

”‘Lowlanﬁ dralnage occurs t;rough three main stredm channels"~'

whlch empty im o the Truelove Rlver or 1nto R

ore remaln saturated

’.throughout the growll'sseason and are dependent on thesevﬁjf“i

'”m01sture COndlthnS to maxptaln thd'r ch r"cterlstlc PR
TN

vegetatlon,:“f;_i'~“1_._1te%g:‘

L e



L7f;fTab1e‘l.'iMaJor topographlc plint communlty unlts ﬂha;.%)
R R with1n~thefTrueIOVe owlandvnl'»~ N

[f\;x‘ﬁ5nii 'ﬁ". Unlt L "\°‘ﬂ-c 3 Area (Qa) ﬁoyland//i\

' S dge*moss meadows;ﬂ:'c:a ' ,*“t'{ ‘: 1767 1.'

g hummocky ‘V:pj, R S “:, f 8844
T frost boil e o 795 .

CUSthn plant moss (ralsed beaches) .3p572,f s ;13,3

: ‘afon raised beachés™ . - ‘,”o”“ip”274 »;

~ - .separate from raised beaches o 238 :
’ ,w1th promlnent frast boils o ;_ R ° & R

Dwarf shrub heath—moss (rock outcrops) 333¢p :c12f4>1f">

B ;Cushlon plant llchen (ralsed beaches) 292“f'f‘f”6;8%”’
' - . ; E IR \ . S ) i . ‘""'.':» - . ’_‘,
fl;owland L /g ;ﬁ;_ ,,f.‘( ff“f ERe 215 . 50
rock outcrop A SRRV, 3 GRS
llmestone pavement TR : T ‘3ff26=ﬁ;3&~ﬂ5056”'

?ipLaRéS)and'ponds fﬁr”V;Ap','; -  'jv"a933i;.:j:2}37' ;*;;}?\

7 5alt water marsh T ‘f~c"”u ﬁpf;, o 22: Tr?”lO#Sp'nvﬁ j}?

LT e Total S .0 s 2T43000 - T100.0
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g Although Hare (1970) 1nd1cated that the hlgh arctlc net

-'annual radlatlon balance waS/on the order of 0 -'5 kly,,,

‘.,\

o »Courtl

and Lablne (1976) calculated a 1972—1973 Truelove
Lowland ‘et annual radiatlon budget of 17 kly. ThlS 1s )
,comparable\to the net radlatioh (16 kly) that Hare and
thchle (l972)~§eported for Alaska (Low Arctlc) The ‘

: Truelove Lowland would therefore appear to’ be a. cllmatlc

\lowland's unique climate appears to reflect ES -

\\\\feOgraphlc loc'

se along two perlme

len 0n Devon Islﬁnd Its proxlmlty to the

:rs and to.: steep cllffs along 1ts '

remalning\p\r;meters may < _sequently 1nfluence 1ts net

L radlatlon regi

t15v5.68 sz) 'ice--Cap

(Courtln and Lablne 1976) The exten51 e
i
edlately (<-15 km) south of the

lowland has been con51dere’
lowland's ollmatlc reglme. Thls conSLderatlon 1s based on

the sgﬁw&g»adlabatlc w1nds or1g1nat1ng from the ice- cap and*

recrpltatlon

(Klng 1969) an 1nf1uence ‘on thefyuqf

iiil:;d _ On@a geographrcal comparlson; the lowland had 51m11ar'>
: 4

;- mean monthly summer (1970-l973);temperatures to those at

:;1»Reso tew Cornwallls Island (74 N) but lower than those at

‘Q”AEureka,v’ lesmere Island (80 N) (Bllss 1975) The annual

7pattern of ne radlatlon for ‘the’ Truelove Lowland is one of

'frapld 1ncrease 1n\the early part of June to early July and

a‘sdbseqz

adual decllne untll a negatlve flux 1s
y October Out31de factors (arctlc alr mass

'onic'aCt1v1t1es)'vary the degree of




11

cloudiness and influence the levels)of inComing radiation
(COurt1n and Lablne 1976) The effect of cloud cover on .
anomrng radlatlon is greater in the early part of the
summe r when the sun' s angle is hlgh than in the latter :
~part. of ‘the summer when the sun's angle is . .low (Courtln and f
Lablneul97b) The net effect is one of annual varlablllty
(m1d June to early July)- in the tlme of lowland ' 'snow nelt.
Seasons (1971, 1973) W1;h low cloud cover in late sprlng,
experlenced greater 1ncom1ng radlatlon levels This resulted

in the tlme of snowmelt being advanced by up to two weeks

over seasons (1970 1972) 1n whlch exten51ve early season

l
a

-cloud cover: reduced the, levels of 1ncom1ng radlatlon. Overk
the prOJect's four year duratlon (l970 1975) summer N
(June - August) cllmatlc condltlons appeared to flt into

. two dlstlnctlve patterns- 1) ‘an earller and-’ mllder season .

01971 '1973), and 11) a later and cooler season (1970 1972).-

A comparatlve cllmatlc summary of two representatlve years

(1971 1972) is shown in Table 2. The earller and mllder

Q\season§was warmer, 1ess w1ndx, and wetter. The maJorlty of'
AJuly and early August prec1p1tatlon fell as raln, with snow"v-
belng common in June: and late August ngher seasonal |
prec1p1tat10n rates reflected the occurrance of Open lowland
lake and’ ocean (Jones Sound) waters. - ’,”. R . ~3¥£(
Foehn Wlnds @trong gusty, dry, and warm)oare seasonally
vinfnequent (1 - 3) and tend to occur at the beglnnlng (late

"gJune)fortend (August) of-thevgrow1ng.season. Thelr blologlcal

. significance is found in their capacity to cause rapld

. DA . ,5"\.



Base Camp, Truelove Lowland§ climatic data for
June - August 1971; “1972 and meadow degree days
‘(based on Bliss-l975) L -

Table 2. Mean monthly, seasonal (cxﬁ:eadow grow1ng season)

Year N 41971

g 11972
"Environmental . oo o
Parameter . June July August June July August.
Radiatj ©20.8 17.2 7.7 19.5 15.8 9.5
(cal/m X 10’ ) - S _ .
Screen Iemperature , ' : o
(°C) Minimum  =-2.7 1.0 - 0.5 ~3.9 1.7 1.1
Mean , -0.3 - 3.5¢ 2.3* -2.8 2.8 1.8
Maximum . 3.1 5.3 4.7  ~1.1 4.4 3.3
Relative air ~ ~ 88 8 79 . 82 86 87
humidity (7) _ L ' o .-
10 m Wind bpeed "S1.10 2.7 3.7 3.7 3.0 - 3.3
(m/sec) A o , ' .
'-Precipitation ’ 0 Gob 9.5
AN L — -
Weeks of T& 0°C 7
Immerk Lake ice free:_ - 0.
(weeks) . :g . '
Meadow degree,days*uﬂﬁ »°f43‘ S 137



'-snOWmelt,’generally a stressful event for plant and animals
ih-both'the.early_and latter patc of the seasOn.i ; '
lExtehsive‘1owland'¢limatologlcal data (1970 - 1973)
have been collected by Courtin from three main intehslwe : t!*

| sites and Eout'additional extensive sites. These data have /

- in part alreadyvbeen summarized-in various IBP p}ogress

/

/
/

reports (Courtin 1972, 1973, 1974) and will be fully
‘summarlzed in the forthcoming project monograph (Courtin.and
Labine 1976) Computerlzed and tabulated cllmatic data are’
also ayailahle‘atwLaurentlan Unlver51ty (Department'of
-Biology)AandhtheﬁUniversity of Alberta (Dé%artment”of
Botany) . ' | ‘ ” ‘ | |
' SEDGE-MOSS MEADOW PERSPECTIVE

The Truelove Lowland has a floristicAandvfaunal
comp051t10n 51mllarwto that of adJacent lowlands - Sverdrup,\

Sparbo Hardy, Skogan, and Newman Smlth Although the lowland N

“is cllmatlcally atyplcal of the ngh Arctic as a whole

:(Courtln and Labine 1976) it. is com arable'

. to the protected.lowlands;of‘the‘western‘arétio islands aﬁdA
the protected‘walleys of Axel Heiberg and EL esmere ISlands
(Bliss l??Z).lffom'an ecoswstem ewpoint only, it is similar
to IBP.sites atiBafrow-iAlaska‘and”the~Taim§r Peninsola{
‘U S.S.R., both of which\are low arctic reglons. |
;Meadows,throughout he ngh Arctlc may be tyo?oally

chapaCterf;ed_as gosses ng: v » N o

1. Saturated 6115._, ”_ » f ’ | .;‘v">

2. Complete bryOphyte ground cover.

-1



\ ! B »

3. less extensive vascular plant cover of
/——

‘prxmarily sedges and " g;ass\\

'Meadow topography may range from relatively flat surfaces

e

~ under extremely wet (f?ooded) conditions to one .of Small
elevated hummocks amongst low lying hollow areas in 1ess
saturated conditlons. Under conditions of shallow 5011
development and active cryoturbatlon, unvegetated mlneral
soil spots (frost -boils) may be found through0ut a meadow.
WIChln ‘the Truelove LowIand sedge moss meadow complex,

\

three maJor sedge~moss meadow communlty types were found: . .
© ’

A. Frost boil sedge méss meadows -
f B. Hummocky‘sedge—moss meadows .

C. Wet sedge-moss meadQws -

u

~ The term communlty type ( a synthetlc composite term) is
I
used here to deflne two ‘oF more sedge moss meadows with

similar fldrlstlc and phys1ograph1c features. Twenty

“meadow stands (vegetatlon areas w1th a unlform florlstlc
, - ' ) . ) - ) //

’

se three ma'or

-

bcommunity.tjpes, Wefe sampled (Fig. 2). These are Broken .

down as tollows. - . ' : LT TN

s

l}~Hummocky sedge-moss, meadows (stands 1 - 12).

2. Frost -boil sedge -moss meadows (stands 13 - 17):
: £

3. Wet sedge~moss "meadows (stands 18 - 20)
The hummocky meadow at site 1 was the prOJeCt s\lnten51ve
*\-study meadow site and was ;nten51ve1y studied by most s

.

'diSciplines.v



T
‘\\\standing crop data were collected ‘over various periods‘”f

P

' g . ,

|

_ur years

the growidg season on a continuou 5asis forr

(1970 - N973) ‘at the hummocky inten,_‘e study (site 1)

fve years (1971 - 1973) at the

meadow and'for three consect
frost-boil site 13) and wet (site 18‘:beadows. Only single
.(1971) season data were collected from three extensive
hummocky (sites 4,7, 10) meadows. ° '
. LOWLAND SEDGE - MOSS MEADOW COMMUNITIES

Within the Canadian Arctlc Archlpelago (ngh Arctlc)
sedge-'and grass~dominated meadows .are falrly well distri-
bu&edfthroughout the 1slands but on a unlt landscape basis
“account for little (2 %) of the total area of the Queen
eEllzabeth Islands (Babb and Bllss 1974 ). They are a mofe.

ma jor feature in the 1andscape of the.more southern arctug

islands. Arctic. plant communities segragate along tongraphlc

and moﬁﬁture gradlents ‘(Johnson et al 11966) w1th sedge—'
ddomlnated meadows developlng in low- lying, wet habltats.|
Although these habltats are. extremely limited throughout the
rngh Arctlc as a whole, in the Truelove Lowland they ‘are a"
w1deSpread unlt and ¢over 417 (1767 ha) of the total lowland

-

~ area. N : =

An earller study of the Truelove Lowland vegetation
(Barrett 1972) recognlzed 9 maJor plant assoc1at10ns while

'-the IBP progect worked on- “the basis of only seven communlty



" - ’ . . et .
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Lypes based on dominant species and growth- torm (Bliss 197;3. -

'

A toLal of 93’ vascular plants had been recorded for the
Lowland (Barretc and feeré 1973) and subsequently extended
Lo B4 mosses totalled 13s! speciesw and lichens 260 species

(Bliss 1975). The lowland's relativelyOhigh vascular plant

0 LI

le@LSLLy is proportlonal to its relatively warm mean" el

summer temperatures:. Sayile (1972) had previously shown, in

a comparison of floral dlversity in other high arctic arfeas,

[

LhdL LLOLLStLC diversity was more dependent on mean summer ..[:

rLempeLatures than on katltudlnai position.
a o

" The meadow cla5§1txcat10n developed in this study and
used tbroughout the thesis closely parallels the meadow ’
communxtxes recognlzed by Barrett (1972) but has the added *

idimen51on of compllmentlng the net prlmary productlon Studles;-f;
The sedge-moss meadow study dealt, exc1u51ve1y wtth vascular'
plants. Compllmentary bryologlcal studleSowere‘done'by

[} . . e T
Vitt'and Pakarinén (1976) Lichens were an extdsmely mlnor,%‘

: plant compOnent A<1% cover) and spec1es llsts and'c0ver ' .

EAN L3

'_data are fmuutﬁ#WBarrett's (1972) the51s.
cﬁ € : .
Méthods E ' . o , T
Quadrat sampllng size and frequency for the phyto- )
soc1olog1cal analyses lnothe meadows were derived from

calculated spec1es area curves (Grelg Smlth 1964), In each

‘ t‘flve dlfferent lowland meadows, boeh SOXSO cm.and ZOXSO

<

cm’ quadrats were used for vegetatlon sampllng Both' quadrao\

3

51zes revealed stablllty p01nts on thglr q&h@latlve speC1es

a & .
area curveés w1th n= 10 samplesoeThe

a\
tangulat 50 cm)




. A A < ' o
: ]
quadrats were selected because ot a gré&{er sampllng ' s

ey eff1c1ency and the reductlon in varlance”found for thlS

vae ot quadrat (Caln ]943) Communlty sampllng i stands

7,

Lrom whlth standlng crOp data were collected had the sample

i numbér lnfreaaed from n= 10 (in the strlctly phvtosoc1oloclcallv'

N -

"san@led stands) to n= l6 The six addltlonal quadrats were -

P taken'tn order to lncrease the accuracv of plant densxty
b N

o 'tountsi_lhe latter counts were to be used Ln asse551ng

o

lnlel“blte dlfferences in standlng crOps and production.

x‘ln eacn-meadow stand the quadrats were dlstrlbuted 1n_

- . oL

La stratxtled random pattern In each quadrat follar c0ver

), lndlvadual speCLes vegetatlve and flowerlng tlller

- *

1;{ JensltV" mlcrohabltat (hummock hollow frost b01l) cover

a 1" (Z) and thaw depth (cm) .were recorded RS

.y

Promrnence values were. calculated for each vascular' T

. L ~

4

plant Spec;es w1th a modltlcatlon of Beals' (1960)

Lo

_ formula-_“’ ‘ _ & ‘»,' o R

e .u‘ PV = CNVE - TPV . »promlnence value o
e oo w0 o o €= cover (K)o ©
o R L : F - frequency (h) e

g

_{ o ”VJsLuldr palnt specres plomlnence values only, Were used hné ?
" - ; . ( B
an cgglomeratlve hlerachlcal (group averagF) cluster analy51s

léf : descrlbed bv Prltchard and\Anderson (1971) and modltled by f"

¥

P. w. Conway of the Boreal Instltute,‘Unlverslty of Albtrta., =

“:The analvsls produced a’ dendrogram of the meadow communltles

o X E

e . hLerathlQallyqllnked on the ba51s of - thelr degree “of

dlSLlearlCV” The 1nverse relatlonshlp (SlmllarLEY) has

Deen used in thlS the51s.-Prom1nence values.were also used



in Bealsi (l960)fordination program revised and extended~by_'

-M Easton and D Prechet of the Un1ver51tv of Alber aw

-

tompu%gug Serv1ees Center. o ' S 4. v AV' [«”ﬁl

Nomenclature of: the vascular plant spec1es tollowed r
L—— i

.Jeposlted in the Unlver51tv QI Alberta Herbarium: (Alberta).-- .

’.thaL of Porsxld (1964).,Vascular p]ant specxmens were

P

‘

ggsults'

Frost bOll Sedoe moss Meadows

Frost boxl sedge mOSS meadows constltuted ca. 45% of‘

the Lo 10wland meadow complex. They showed thelr most

v

extensxve development in the central and southern areas of

.a .
» I3 s

‘the lowland where exten51ve f1ne textured, calcareous

_‘alluv1al depOSltS were also found Characterlstlcally thls
meadow communlty type possessed a mosalc surface LT ; i
‘hgpoordphy of dense patches of vegetatlon and poorly t -_.
veoetated mlneral (frost b01l) spots’ (Flg 3)- Substantlal'

peat accumulatlons underlay the heav1ly vegetated areas and

.and these portlons constltuted : og the average, 58% ‘ot ﬁhe_Wy

total %eadow surface area. The remalnlng 42/ of ‘the area

-

=
was covered by the. mlneral frost b0115. Actlve (cryoturbatlon)

trOst b0115 were almost totallv dev01d of a plant cher and

1nact1ve b01ls possessed a thln (l 5 cm) crust of algal\\\

~

»'and moss (often Sellgerla polarls) materlal- Vasculaﬁ plant T

cover on the frost boils” averaged,lO -flS/ and con31sted \\¥, =
: : g
prlmarllv of - ErLOphorum triste, Caxex membranacea, and

- C. mlsandra.

The average total meadow vascular plant cover of 587

©
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' ‘Figure 3. A frost b01l (sxte 13) sedge -mos’s meadow,
S featuring prominent s;arsely vegeté’t:ed frost-
- . boils (foreground) . . R L,
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. was-. contrlbuted by 20 ‘species (Table 3). Characterlstlc '
-sPec1es lncluded Erlophorum trlste, Carex membranacea,d:'
. A,,. ;
‘O'

\.

stans, Sallx arctlca,fgb mlsandra, Arctagrostls latlfolla,

a%d Polygonum v1v1parum Draba alplna and Braya Qurpurascens

. o 1 ]

&7‘:‘ wexe found exclus;vely in’ thlS meadow tvpe. Iwo promlnent

1fralsed beach spec1es ~ Sax1fraga op2051t1follaoand Drzas ‘}

~_1nt~gr1folla were also found in” the meadows and represented

" a florLstlc tran51t10n between the meadﬁﬁ and ralsed beach

\ K =
’LUShlon plant communlty Moss cover aweraged 82%.and of the- oo

:19 spec1es ot mosg found domlnant ones we\ Drepanocladus

revolvens, Campyllum arctlcum,'Orthotrlcum chryseum,_

“Dltrlchum flex1caule, Clnclldium arftl‘um' and szum,~,‘»:”

G - .__..-.,

pseudotrlguetrum (Pakarlnen and V1tt l973a) Llchen specxes ,

"prov1ded an in31gn1f1cant (<l/) cover and 1nc1uded Xanthorla A

f7elegans, Solorlna succata, Mycoblastus sangulanarlus?'
. .= AR S e e .

'»(Barrett 1972) _“ﬁa;hatf‘i i;_ﬁ‘f":u *;:d_ -?i'

Cluster analy51s of the flve frost botl meadow stands
<t (Flg 4) 1nd1cated a mlnlmum communltv 51mllar1tv of 557
hand a max1mum of 754 The ordlnatlon (Flg’ S) Ldentlfled
>'these meadows as.belng late in thelr snowmelt and posseSSLng
_m01st‘sOLls.f‘5h ﬁ':;f';q' R ERTVAE '_'4;__4 RN
| Hummockv.Sedge -moss Meadows DR - dfwd‘
.These meadows comprlsed ca. SOA @f the lowland meadOW’fxﬂE_
complex. Thelr dlstlnctlve tOpographv conslsted of promlnent’
Thummocks -and: hOllOWS (Flg.,6) Hummocks possessed warmer "i

( 3 - S C) 3011 temperatures and better aerated and dralned‘

o 5011 COHdlClOﬂS than were found in hollows. Thls-resulted in
‘ S ’ 4 St ,



”scand Numbe o 13. ERCEEEHL S LR 17 . Mean .
sampling date . 9/8 11/8" 16/8  “T4/8 1178
Species - . ° S, : Prominence‘Value :
—— - — T — . -
Equisétum arvense - 2.4 1.8 G. 3. 02 . (0.6 l.l
E. variegatum., [SEIARETIR ¢ N SN i 0.2 S0 0.1
T Arctagrostis latifoiia 3.4 4. T 3,3 . 16.4 34 6.1
ijerochloe,cguclflora 6ol 0.1 2,1 3.1, 0.1 - 1.0 °
Dupontia txsherl 0:4 1.1, Loy 4.1 -:0.3 1.5 )
 Carex stans , 1.9 14.5 - 23.0 - 5.4 5.5 16,1 -
C. atrofusca. ' . 0.1 -7 o 0.1
" L. membranacea - 29.1  l6.5 . 9.7 11.5 . 44.8 22.3
C: misandra Y] 20.9 1.3 3e7 3.4 8.2
_fErloggprum trxste Jls.8 0 25.0° 31.5 . 20.8 - 39.0 - 27.0
‘Juncus biglimis 2.5 2.1 . 1.9 04 :208 0 1.9 -
Luzula confusa T e i I O I T ¢ I ey R O I T
° - ; . ; : S B o
‘Salix arctica- BRI 7.4 ¥:3 0 15.9 9.7 9.6
Polvgoﬁum‘viviparum 3.4 u;3A, 2.9“‘. 0s6 - 5.6 - ,3.&7
Melandrium apétalum ™ Q.1 0.1 0.1 01 20l
_.Stellaria longipes. - 0.1 0:1 S : SR T R
" Ranunculus sulphureus,. - —_ 0.1 0.1 0.1
- Brava Eurgurascen 0.1 4 - SOl R © 0L 0.1
Draba alpina -+ L 0.1 s 047 0.1 0.1 0.1,
Eutremia edwardsii:. .. o o.r 0.3 04 0.2°
Saxifraga hirculus- ] o G.e 0.2 0.1 2002
S.-oppositifolia: - 0.3 2.7 0.1 0.6 3.1 1.4
Dryvas integrifolia . -0.b Lol = 0.1 7 0.4 -.0.1 0 F0.4
Pedicularis sudetica %~ 0.6 . 1.2"7 2 0.4 0.1 0.5
"P. hirsuta : B 0.6 . k0 ox *_& ok -~ 001 .
Number of specieg v 18 ' 17 L2 23 21 20
Vascnlar plant cover . 55 62 63 54 56 .58
) S
- :Vos< cover (%) 89 32 32 < 79 77 82
Open Lround ¢S s s 2 23 RS T e
e Orpdnxu~Mxneral soll 31‘49 7Q:30 32148 0 67:337.-50750 - 58142 TR
(R A R o A o P T N
Agtlxe»la\or (cm), 56 430736 59 49 v C49 -
1HdA\Llnqllshdblc Lrom the other spec1e> in the vegetaC1ve hebe but
considered to be 1e>s prcmlnent ‘bgsed on louer populaclon tlowering-
‘p\‘ls - S . e
. 'i . x
$ .
_ ’ i ~
° ! .
I" T
i o L . -
i o~3
i L
. ‘ : o
o ; .

B

Table 3. Srecxes promlnence, plant covero(h) ‘active ‘layer (cm), organlg

5011 cover (7% ) in five ‘lowland frost bo;l sedge-moss meadows. ,

W
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A hummocky (51te 3) sedge moss*méﬁﬁﬁ exhlbltlng
Ca promlnent hummock/hplléh topography.



v

a denser woody plant monocot “and forb‘growth on hummocksf

!

B . The colder, flooded hollow habltats had a 1ess dense growth

ok vascul plants (Flg. 7) Monocots,‘prlmarlly Carex stans,

prov1ded the maJor hollow vascular plant cover. Bryophytes=

'showed a greater sen51t1vlty to a mOLSCure gradlent than did .

T4

the vascular spec1es and possessed a pronounced hummock and .
hollow segragatlon (Pakarlnen and Vltt l973a) Algae also

'Lollowed a hummock/hollow mo1sture gradlent (Stutz 1976)

,\

B blorlstlcally thexhummocky meadows averaged 20 vascular'

o 1

spec1es per stand and these prov1ded an average follar co‘

?of 86% (lable 4). Promlnent spec1&s 1ncluded Carex stans,_\”

“o

- Erlophorum angpstlfollum,-Sallx,arctlca C membranacea,

lPolygonum v1vrparum, and Arctagrostls latlfolla. Mosses,

represented by. 30 SpeCleS, had an average cover of QBA and

"were domlnated by Drepanocladus revolvens, Clnclldlum o

arctlcum, Drepanocladus brev1follus, Campxllum arctlcum,_w\;“.:“

3 Orthothec1um chr;seum,»and»Rlccardla pingius’ (Pakarlnen and
K

]Vlk@ l973a) Llchen cover. was m1n1ma10(< 17) and con51sted

,of Xanthorla elegans, Cladonla pyxldata, anduLecenora .

e rlbryon (Barrett 1972) - [ | S

‘ Cluster analy51s (Fig. | 4) of’the 12 hummocky meadow-
‘ stands showed that those stands (srtes 8,9,lO)vlocated
along'the.baSerof the wesr;facing niatead were dlstinctivelyv
disimilar f£rom these elsewhere in theﬁloWIand._Thfsllatter
groUp of hummocky meadow, ‘stands. had an over;ll si;ilarity'
of 35% but also 1ndlcated add1t10na1 stand assoc1at10ns.»‘ L

© Well dralned coastalfmeadOWS°(51tes 5,6,11,12)vwere



ground) and hummock (lower
~habitat -(a) and a close-up-

A hollow (center fore
i

left and r

Figure 7.

ght) miéero

. of a hummock (b).
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anowmelt and m01st 30115 (site 10) to those w1th a later

<
Lo

~ s

distinctive from rock outcrop‘associated meadOWS (sites i,
~4ﬁ7)~ Similarily meadOWS adjacent'to late-melting snowbeds
(sxtes 2,3) were recognized as a separate group. rhe |

hummocky meadow habitats ranged frOm those with an.early

7
sn0wmelt and saturated (standlng water) 501ls'(site 3). o

.On the basis of thelr-ordination, the. hummocky meadowsf

- -

.appear to be 1ntermed1ate to the frost-boil and wet meadow

_a’

communlty type (Flg 5).

’ i

~ Wet bedge moss Meadows
Meadows ‘of the ‘wet meadow communlty type have a
gharacterlstlcally un1form~topography and a relat;vely‘
homogeneous monocot plant cover (Flg 8) These meadows.

appear restrlcted in thelr development ‘to 1nundated pond

or stream channel marglns and are-dependent on the exlstance

of flooded COndlthﬂS throughout the gerLng season. Thelr
Spec1allzed env1ronmental requlrements reduces thelr g
coverage to ca. 5/ of the lowland meadow complex* -

An average wet meadow stand cOntalns 18 vascular plant

speclcs and has a vascular plant COVer of 774(\Prom1nent

\4‘

;spetles 1nclude. Carex stans, Eriophorum angustlfollum,

Arctagrostls latlfolla Hlerochloe\pauc1flora, Saxlﬁra

hlrculus, and Poa arctica (Table 5). Ple ropogon sab1ne1,

bardamlne pratenSLS, and Ranunculus hyperboreus are . exclus1ve

to Chese meadows. A total of 17 moss species’ prov1ded a 100%

3

ground cover. Domlnant mosses were. Drepanocladus revolvens,

Mee51a trlguetra, Calllergon guganteum, C1nc11d1um arctlcum,

X

- R

-

. . o St - . .
. . .o . - ; .
- ‘ . . e . . - L B
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Figure 8.

A wet (site 18) sedge-moss meadow
a permanentvStream‘andjexhibit

“uniform topography.

traversed by
ing a characteristic




0_"‘ N ., ' o
L]
| . 3
4 ¢ 0 ' S e . -,
1 ' & e
e . . ‘ - ‘ .

-
‘~ .
o Q

. L, [ ) w
Table 5% Specie? prominence, plant cover (%), and active -«

;. Stand ,Number ® .. { 8. 19 - 70

1ayer m) in three, lowland wet” sedgg-moss meadows. i;'

i

Sampfing bacg Lo . 9/8., - 11/8" 112J8'

'Bpécie54 . " L ‘,_aeﬂ'»PrQMinénce Value
Equisg&uﬁ arvemwrse ', - o__ 0.1 °
variegatum g M - 0.1 . 0. T
Argtagrostls latifolia 6.2 1.0 A°}-2;3*3
Dupontia fisherii - 0.1 - 0.1 .+ 0.5
Hierochloe pauciflora. L0.2 - 0.% 8.5
.Pleuropogon’ sabinei 0.1 : 0.1
“Poa arctiga ' 5.0 o ,
Cdrex stan§ oL T 6203 °68.4 '48.1
Eriophorum angustlfollum 392' s 4.1 4 2.9
. E. 'scheuchzeri : S * * *
: -Jun'c'u_S biglumis B 0.1 . 0-,,1 ‘
Salix arctica .. - "0‘6_ 033y,
Stellaria longipes . #& -  1.0° ° 0:3
’Ranuncubqi_ﬂxﬁérboré;s°« 0.7 0.1
Cardamine ipratensi$. 0.7 0.5 .,
- Drabg lactea .- | . . ....0.1
Saxifraga cernua o °'1.7 9o 0.2« .
S. foliolgsa . " 0.2 7 0.2, .
S. hirculus . 2705 Z-I.ﬁ?"
' PLdICUlarls sudética -‘GQ 0.1 0.1 v~
@hxrsuta B , : ok * . o
 'Number of Sp&Cle; ' ’).‘ 19 -18
5 g i } . : :
'Vbscular plant cover (/) 767 ”‘, o
Moss cover (%) . - 1007 100 u
Actiye 1ayer cm) - 29 L 30 B
. . - ol T ) I L
° “ ..
< : e
: . [ <72 o .
o' ." o :.;' ..;f:_r‘_ ":e!: -
, cLt - Bty
° o o
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) thelr J.nter S’lte 51mll rlty to be ‘75%@% the ordlnatlon

[N

o sb

3.1

ST, N N : . ‘ 4 YA
PR L i e L
. RN . - - P . L N < - g .

-

and Drepanocladus brev1follus (Pakarlnen and Vltt 1973a)

Lachens were entlrely absent due to ‘the. flooded nature of
the meadow habltat.i L B fi' .i'\ .' } "k. ;w Ll

Cluster analysxs (Flg. 4)§hf he we%\meadows showed

L o

(Flg. 5) these meadows were. ‘shown to be. late in thelr o - v
A : . - -;'\? » ‘,: :
snowmelt and posse551ng flooded condltlons. B ;ifl oo
: =i )

DlSCUSSlOH ’-;~ . _ f~: .
Meadows are a relatlvely restrlctlve lowland plant

habltat and only one- thlrd (34 spec1es) of all theulowland

9.

vascular specres were to be- fQund.g;leng 'in- the’ ‘meadows . 7

Successrul spec1es were’ 1) tolerant of cold soils;
ii) tolerant of saturated (poorly aerated) 50115, and

iii) relled on a vegetatlve mode of reproductlon. Carex'

stans best fits these crlterla and consequently was. the

most abundant andfsuccessful:meadOW'speC1es.‘A'low‘

- community sgeCies'divenSitvdaﬁH‘dominénce by a'fewispecies

E L
greatlv reduced 1nter specxflc competltlonﬂbug“

B

lon.'Effects of o .ﬂ

undoubtedly

contributed to 1ntra%5pec1f1c compeﬂv,

° *

competltlon were not examlned but would have been most

“~ : R O . \*Ww ) f 3
pronounced on the hummock mlcrohabltats. e o o

i

]

In both the vascular and bryophyte specres abundance,

RS

the gradlent extended ﬁrom one”of hlg?&diVEr51ty in the =

hummockv meadows to. one of low dlver51ty in the wet meadows. S

~ .
'G

Thls gradlent eorresponded to the more dlverse nature of ‘
¥ 3 IR
the‘me51c condltlon§ fqund in the hummocky meadows. and the

restrlctlve nature of the flooded wet meadow habltat.



of all three meadow communx

in thelr 'soil. m01sture content and soxl comp051t10n.

: aguatllls (Polun1n 1959) but has subsequently been recognlsed

jaguatllls.

d

. B - . . D \
o * The ovefall 51m11ar1ty in, a!iular speCLes composxtlon .

. . < ° : v’ 28
types was an lndlcatlon of the

:broad ecologlcal range of/mgst meadow specxes..L and

meadow habltats were Baslcally sxmllar and dlffered prlmarlly ,

-
Ed

Carex stans DreJ. 1s the mqst ppoductxve and abundant

’

of all meadow spec1es. Its w1de ecologlcal range (moxst

tundra to, shallow water) allow 1t to successfully occupy

any type of meadow habitat (ngglns and Thomas 1962). .i A \ "l'?

.Carex stans was orlglnally regarded as.a subspec1es of Carex

‘(PorSle 1964) as ‘a valld spec1es. Hulten (1967) showed it”

o

to possess a chromosome number dlfferent than that of Carex

Carex membranacea ‘and C misandra7favor“leSSJsaturated

i ~t

'15011 condltlons and agg mpst promlnent on hummocks in the

3 : O.

1hummockv and frost b01l meadows. Erlophorum speC1es also

‘show a dlstlnctlve habltat-preterence..Erlophorum angustlfollum~

and g scheuchzerl were assocxated with wet ;organlc soils

and E trlste was assoc1ated with moxst, calcareous soils

.a

such as’ those found in the frost b01l meadows. The restrlctedg}

1growth of Plemropogon sabene1 and Ranunculus hyperboreu<“1n-' "

a R

wet meadows was con51scant w1th thelr classxﬁcatlon (Por51ld

l964) a</ohllgate freshwater spec1es. Although the meadow*s:? - -

S

e
s

*vn!)

habltats were not suff1c1entlv dltferent to become x31u51ve
-8y S,

for thd maJorlty of meadOkAspeCLes, habltﬁt preferences weYe oy

o . X,-

9
apparept frgm 1nter communlty comparlsons of speC1es
L '~ : ;v, S o o . S Ty




©.communities.

\

I~ : . . ETE . ‘
- LN . o .

promlnence values. Johnson and’ Packer (1965) have report%d

similar~spec1es/hab1tat relatlonshlps from low arct1c°
. » . . s , B ':' r

: N o .

Frost -boil Sedge mdss Meadows

- ’ "o'

The frost b01l meadows had only slightly more thaneone-*'°

half ofothelr total surface area su1table.for plaht growth

- 3 ° . ° .

and these ‘areas wene charagterlstlo@lly Well vegetated.v

o

Intensxve act1v1ty (cryoturbatlon) w1th%n frqst boils of

;establ hment by 1nterfer1ng ulth m&otlngw Raup (19719

o

found that root damage in sucﬁ habltats were éxtenslve.

Vegetatlon establlshment (early stages’) in less actavé s

[+] - q

_b frost boxls resulted in an average cover of 10 - 15

pecxes to become

ErloDhorum trlste 'is one of the f&rst‘

‘Billings 1975) énd its 'pr"”’

(POrble 1964) In the low a: gmeadbws, ﬁaup (1371)

tound lnltlal frost b01l vegetatlon COVer to be*ZZvand S o °
Dervxz Sokolova (1966) rEported it to be lOA 1n Russian'

R o &

low arctic meadows. The hlgher vegetatlon cover of lowland_'

trost b0115 mlght lndlcate a more advdnced stage of - plant 2 -

- o

1nvasxon.‘-' L ‘A L ,~h L
The vegetated areas of the frost b011 meadows ppssess

‘a hummock/hollow topographv comparable in appearence and

=
area coverage to those of hummocky meadow5m Seasonal above-

ground productlon in these areas were 657 of those for._

°

'thrul' frost b01l me adows severery restrlcted plant vod’"”

[+]




° .

1100 stems/mz) Stem densities'and greater abovegroond'(QOv—

hummpcky meadows and their belowground blomass was" 304 of

the belowground blomass fouﬂd in the humecky meadows. The

L
frost b011 meadows constltuted ‘the wet portlon “of the

vegetatlon contlnuum extendlng fﬁom the m01st beach rldge'

@

]

gradlent can also be shown for this contlnuum (Svoboda 1974).

_ Barrett (1972) descrlbed the frost lel mea%ows as the f:.

. 4
o © !

Erlophoro Sallco-Arctagrostldetum assoc1atlon.

*‘Frost b01l meadows appear to be a wxdespread type of- "?

“.

arctlc meadow. In North Amerlca they have beep 1dent1f1ed

_ Ln low arctlc locatxoas, as dry mes;g meadows (Holowaychuk

' d t al. 1966) patterned greunﬁuspmmunltles (Por51ld°l955)

——

\and ecotonal frost scar communltles (Johnson et al 1966)

In Eura51a comparable communltles have been descrlbed as .

,spotty*.\b sedge moss (Pavlova 1969) dryad sedge moss |

“spotted (Khodachek 1969) and Spottedomedalllon (Aleksandrova'

0. e

o N
>~

Hummocky Sedge moss Meadows : ;I

. o

”“the hummockv meadows represented to most favorable and

diverse lowland;meadow hab;tat. They possessed hlgher (900,—

"=

65%) and belowground (SO 2104) blomass than elther .0f the

other two - meadow types. Mlcrohabltat dlverslty whxch ranged

P Taw
, _from warm and m015t condltloms 1n hummocks to cold and wet

‘conditions in ﬁob%ows, facllltated a'wlde“specles,dlver51ty.)

-

and'prowed to be'an)optimal'habitat for forbs and woody'.n

19/Oa) tundra.‘ ‘1,wawmﬂwmeV“””f‘;f{ BRSO R

»tran51tlon zqne. A correspondlng aboveground pbant productaon

| The:hnmmockslthawed earlier‘and’deeper‘(s,cm) than'theehollows'b'



'plants. blmllar hummock/plant assoc1at10ns have been'

descrlbed from low arctlc meadows (Por81ld 1955 Raup 1965,

(t
v

v

' 1969 Beschel and Matveyeva 1972).

The varlabxllty ‘in- the habltat and flOrlSth promlnence

of hummocky meadows was assoc1ated W1th thelr- 1) lowland

%

locatlon, 11) env1ronmental condltlons (temperature, soil,

'm01sture), and 111) developmenta] age. Based on perlglac1al

ev1dence, the coastal hummocky meadows were of more recent

[orxgln than, those farther 1nland Proxlmlty to the ocean

also created a colder~meadow env1ronment. Meadows w1th1n or

]

adJacent to granltlc rock outcrops possessed the most.-m’

.optlmal habltats. Reradlatlon from the rocks (heat 51nks)

created warmer env1roamental condltlons agd meltwaters

from snow accumulatlon 1n the rock outcr0ps prov1ded
xS ky

dosuff1c1ent moisture for plant growth 'The plateau base

' hummocky meadows weme slmllar, 1n thelr florlstlcs and -

-.tarltetosum membranacel. Hummocky meadows are also a w1de-‘

s_spread meadow type in: the Low ArCCIC. Polunln (1948)

L

501L COﬂdlthﬂS, to the frost b01l meadows

Barrett (19/2) descrlbed meadows of thls type as

hglonglng to’ the Carlcetum stantis association subassoc1atlon

)

'descrlbed 51m11ar communltles around Dundas Harbor (Devon'

'lsland) ‘as grassy sedge communltles. On Somerset and Northern

h Ellesmere Islands 51m11ar meadows have been dé%crlbed by»

bav1le (1959 1964)- I have also observed hummocky meadows

on Prlnce of Wales Island and on the Boothla Penlnsula. In

EuraSLa, comparable meadows are 1dent1t%ed as’ hummockv

e

K



’ \ FTC
.hulpatterned ground (Aleksandrova 1961) and tussocky sedge- e
cottongrass low hummock tundra (F111n and Yurtsev 1966). |
An outstanding latltudlnal dlfference in the vegetatlon of
‘thlS meadow type, is the pronounced domlnance of ggzgg _2 .
h‘ln the hlgh arctlc meadows and of Erlophorum sp. in the low
arctlc meadaws.j}- . '«‘ EL-,_~ ' f
' [_,,dk'r wet\bedge mOSSvMeddOWS | | |
' Wet meadows are an extremely speC1a11aed communlty

'type.«Mlnlmal\lntra site habl-at varlablllty has reduced

}thelr spec1es varlablllty and resulted in a relatlvely

I8

unlform vascular plant cover: The almost monOSpec1f1c

AN
~

'.(Carex stans) compos1t10n of their blomass has resulted lﬁf

N

thelr belng the mostsproductlve lowland communlty.
Barrett (r972) placed meadows of thlS type in the
Carlcetum stantls associatlon subassoc1at10n carlcetosum

£y

stantls. Elsewhere in the arctlc,‘meadows of this type also

';possess a llmlted dlstrlbutlon (Savxle l9bl) Polunln (1948)

",,deSLflbed 51m11ar meadows around Dundas Harbor (Devon Island)

o

'yas wet marshes. Beschel (1970) descrlbed these hlgh arctlc ;

meadows as characterlstlcally belng pure stands of C<rex

t

"stans and reported them found on Axel Helba&g and Ellesmere
ulslands. In Eur351a,_comparable meadows have been descrlbed

as-sedgejhypnum bogs (Filin and~Yurtsev'l96b), cottongrass

_sedge tundra (TikhdmirOV 1959), and swamp meadows %gﬁlf

'(Gorchakovskv and Andrejashklna 1972).

|
Lowland Sedge MO S S Meadow Perspect1Ve
A dlStlnCthE overall dlstrf%utlon was obs rved 1n the

N [N " N



"fconcentrated in the central kolder’) aréas of the lowland

llhese reglons were ‘of a depre551onal nature (lake ba51n

lowland 4;adows (Fmg 9)‘ Frost b01l meadows wére - prlmarlly f

£

N o

‘;:or1g1n7) and underlaln by flne alluv1al dep051ts. The over-

. |
all pattern of Chelr dep031tlon suggested thelr or1g1n as

’belng fxom the eastern plateau. Frost- b011 meadows were also

- -

'>10Lated on the alluv1al slopes along the north sxde of the

tlruelove Inlet, Hummocky meadows possessed a more perlpheral

lowland dlstrwkutlonQ They were often found w1thin or:

'Thad not created condltlons su1table for. meddow develOpment.’"
~are not appllcable in- thelr entlrety, to tundra communltlesﬁ

’SLmllarlty the 1owland sedge- moss meadows could however, T

adJacent to granltlc rock outcrops or in assoc1atlon with’
tbeach rldge formatlons Wet meadows were 1rregular 1n thelr_r
'dlstrlbution and l1m1ted ta areas. of seasonal flooaxng
‘(stream channels, pond marglns) Meadow development in the
~Tnorthwestern section of the lowland was llmlted and sporadlc

T in 1ts occurrence. These areas were con51dered to be the.v

mostly recently emerged portlons of the 1owland and as yet

: buccessional conCepts as defined for temperate reglons.,..'.;f
S

v(Churchxll and Hanson 1958) The hlgh degree (70%) of speCLeS»' s

Q o

prov1de the potentlal for phaSLc'and cycllc changes-ln

Species promlnence W1th1n meadow communltles. ThlS could

;help explaln the. varlable degrees of SLmllarlty ;ound by ' e T

~c1uster analySLS, 1n the 1ow1and meadows. The meadow

<
-t
-i

'communlty gradlent followed a m01sture 1ndex from m01st e

condltlons in nhe frost boxl meadows ﬁ‘ fTooded condatlons

§
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- in the wet meadows. Lf community energy conservation and
;keﬁficiency could be achleved-through community stability,” 0

thehlcohCeivably'the frost—boil meadows~could dewelop ihto

'humNOCky meadows. This pa tern of development might help

.explaln the flor15t1 Llarlty of the plateau base /

hummocky/meagpws (sit s 8,9,10) to the frost- boxl meado S.
o Baupﬂ(l965) a lehomlrov (1966) viewed. meadgws/8% the
frostm il type as degraded forms of more mesxq’(hummocky’)
'_ communitles ThlS would not be the case in the Truelove
'Lowland where the frost b01l meadows were concentrated in
‘ithe older portlons of the lowland and would therefore be .

s
’ con31dered to be the oldest meadow type It was also observed_

that Lnactlve frost boil meadows in the process of- belng /

o \

ﬂtotally vegetated had a surprls1ng resemblance to hummocky

4meadows.,Lowland frost boxl meadows were therefore con51dered
" to be of separate orlgln but to possess the @otentlal for
idevloplng lnto the hummocky type of meadow communlty.

wet meadows were closely assoc1ated w1th hummocky

)

_meadow communltles but a dlstlnctlve relatlonshlp,between
“the two was ‘more dlfflcult to deflne. blgafoos (1951) had ;» :
sugg ested that dralnage of tundra marsh (wet, meagow7) o
--‘communltles would permlt the 1nva51on of more mesic spec1es

and create a: dlfferent communlty (hummggky°) Conversely,‘rt

',mlght be suggested that floodlng a meadow communlty w&uld E 'A'.

) ‘nfavor the establlshment of a conmuuuﬁ\p(wet meadow’) of

‘)aquatlc speC1es Lowland wet meadows mlvht simply-be'modified

f(degraded”) hummocky meadow communltles

SN

a0
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© and incomlng ra?/atlon levels are 1mportant factors in the

,Methods

- on only two dates’(June-9 187 in 1971. ‘Depth measurements

fChrcago)_was used. o 3 _:«fv,ﬁ‘

K ** MEADOW MICROCLIMATE.

[y

bnow cover, ‘vascular plant canory and urrer 5011

»rroflle temperatures, thaw depth~ soil moisture content;

@

'

development and'maintenance of arctic sedge moss meadows.

~l -

D1ver51ty in meadow phys1ography, SpEC182{€0mp051t10n,

plant cover, and pr1mar<}productlonoare.the major manifest-

ations of env1ronmental influences. The extensive. (41%)

surface area cover and 1lu hness of the lowland meadows
1
1nd1cates an optlmal plant growth habltat. 7
¥ &

“Snow

Snow depth and densityvmeasurements were collected at

a hummocky (81te 1) and wet (site 18) meadow durlng {gne of
-1971- and l972 A 51ngle measurement .was taken at both _sites

Tln~May 13, l972 LA frost boil (site 13) meadow was sampled

7

én 5) were taken at flve permanent ‘snow statlons at 1rregular

:(ca.-B day) lntervals untll total snowmelt. A calibrated -

(l em) steel rod was’ used On each sampllng date sSnow denSLty

measurements were also taken at each statlon. A Cold Reglons

Research and Englneerlhg Laboratory snowtkit (Test Lab Inc.

°

- . - - ¥

, Actlve Layer

l Seasonal deVelopment of ‘the. meadow acthe (thaw) layer~

was measured at ‘the hummocky (Slte l) meadow in 1970 by



p o - ,

‘Lor productlon, over the five seasonal harvest dates..In

L97l thaw depth measurements Were also taken at a frost—

‘‘‘‘‘‘

w1Lh weekly SOLL mOLSture sampllng (n 10). Sim1lar

daﬁa~3£
three %ddltlonal hummocky (sxtes 4,7,10) meadows was
toLletted in, conjunction with. productlon harvests and
1nvolved taking 18 measurements in each sampllng perlod//
In 1914, measurements (nLAQ) were taken only at the three
'(sites.l,lB)IS) ma jor meadows. A permanent 10—metervv

transect was used.'with measurements taken at three-day
intervals. Jhe 1973 active layef depth was measured (n=25)
on a Single date (August-S) which approximated the period

ot maximum thaw in prevxous years. A calibrated (1 cm) .

wtoel rod was used for thaw depth measurement54

Temperature . S e
Detalled temperature data were avallable for the

hummocky 1ntens1ve study- (Slte 1) meadow from Courtin's .

\

.'permanent meteorologlcal statlon. Five- day ‘means ot these

data have been cgmputer tabulated ‘and were used in this

a

thesis; Shoft-term, less .extensive, weekly hygrothermo-

graph data were -also available'for'avwet (site 18), coastal

4
»

' \Slte 7) and lateau base (51te 10) meadow.
| o

Meadow Greenhouse Mlcroclimate

LY

The potential effects of increased axr,nsoil;;and-leaf

tempéfatures on arctic meadow plant growth andbphenology,

.were tested. (]972) by means of two meadow fleld greenhouses.i

An added enVLronmental modlflcatlon created bv the green-

.....

7.
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houses w;g a total reduct1on in wind etfect and creation of

supersaturated (Relative Humldity >.100%) air COﬂdlthﬂS.

~

Each greenhouse‘consmsged of a 150 X 120'cm framed
shelter Whth was covered W1th heavy sheet plastic and
‘setured to S" ground w1th tent pegs (Fig. 10). The plastlc‘
tanopy was képt approximately lS cm above the plant canopy
by meauns of stakes.
o8

Temperature reglmes (5, —1, and -10 cm) within one

-

: greenhouse and its adgacent hummock and hollow habltats

(controls) were taken w1th thermocoupleS‘(O.IZS mm diameter

c0pper constantan w1re) Greenhouse and outSLde Carex stans'g

-leaf (51ngle) temperatures wetre measured with a 0.003 mll

.

" copper constantan clip-on thermocouple. Spot readlngs were

rtéken, at irregular (ca. three day) 1ntervals between 1100 -

)1700 hrs,.with a scor MIJ55 mlcrovoltmetere On August 15 -
y

i
[

16, con

us hourly measurements were taken for a 24 hr .
interv
Results = -

. Snow

Early June (1971) Snow depths ranged rrom 46 - 52'cm;

‘>1n the three meadows and the average snow depth was 39 cm

in 1972. lLate season-snowmelt in l%gl progressed rn a.

linear fashTx Atil total melt occurred on June 25. The .

_showed _gnly a slight melt -

oorrespohding E972 melt pat
;rate"prior.tofe sharo iqérease erweek before total melt
‘oceurredthulyia) (Fig. 11). No appreciable snow depth

.1ncrement was found between the May 13 and June 16 (1972)/

. LV' . l
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pllng datés* Durlng thlS 1nterval howe§éf, 10 £m of
:anoufall waSzrecorded](Courtln 1973). Low add meadow snow—
;;///éf‘ melt (jZ-SOVAsurface area snow'free) occurred by June 28
=N (1976) “June 25 (1971) JuLv (1972) ‘and June 18 (1973)
!Earls Sprlng (bmv) snowvdensrtles averaged O 26 g/cc and

almost ddubled -to 0. 44 g/cc a week before complete snowmelt

(Fxg‘ 11) o o 9“"‘15;55

T e ‘ - Actlve Laver

—

bbadow seasonak 5011 thaw ( “4-year 1nterval) at the

‘ : hummocky (51te 1) 1nten51ve study meadow (Flg 12)

_corresponded to Seasonal 1ncom1ng rad atlon and temperatured

hreglmes{‘Earller and mllder grow1ng seasons (1971 1973)

I

-had an - average max1mum thaw depth wQ1ch was 8:cm deeper
:.\\ f{than that in"'a Later and cooler season (1970 1972). Meado%
ixv‘;thaw over the flrst three weeks of the grOW1ng season was _
x“Eé; 15 cm/dav and subsequently decreased to ca.' O 5 cm/day‘
’dnntll,de-Augpst. Retree21ng began to occur by laté August.
‘Approx1matelv 70 - 80, of the seasonal mcwlmum/thawfoccurred ‘-

three weeks aftér snowmelc. S . g

i

' MeadOh soxl thau showed a- varléEle 1nter 51te relatlon-'
Shlp (Flg.'lS) Deepest fhaw Occurred in meadows (51te9-7 lO

'13) with- Gle»sollc deClC and Turblc Crvosols (flne textured d

Lo ©

fmlneral materlals) and mene bubstantlallv lower (SOM) in

'meadous underlaln by Flbrlc Orgdno Cr\osols (peatyamaterlal).
'; MlCrotopographlc \hummock hollow frost-bo&l) comparlsons
oL seasonal kl9/2) 5011 ‘thaw in‘the’ hummockv (sxte 1) and

Lrost bOll (sxte 13) meadows (Fig. 14) showed dlstlnctlve e
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o .and frosc-boils) at the thummocky inten$ive study (site 1) and frost=Fei
. I lsite 13) sedgerhass meadow 1872. . . o e
RIEN " . - ° T e v . . ’ ~

48

JtSeasonal soil thaw (em) profiles beneath microhibitats (hummocks, Fotlows.

&



(ll - 24 cm) than . under adJacent hummocks' The average

‘lmaxlmum than epth in the frost b011 meadow was 50 cm At

- developed h

L

N K

'the ‘hummoeky meadow the deepest thaw was found under well

(

than under adJacent hollows and 2 cm deeper than in poorly‘

developed hummocks In both“the hummocks and hollows, the»

_ocks 8011 thaw was on the average S cm deeper =

. Y
N

N - L ®

"seasonal thaw pabtern was more gradual than that found 1n'

fr st boxls._The average maximum soil thaw/depth in the

\

the wet (site 18) meadow was Less varlable because of the

rhe average max1mum 5011 thaw depnh tor the wet meadow was
“'- . PR
22 cm.

Temperature o

“tlooded conditlonsvand relatlvely homogeneous enVLronment.i,u

Upper (10 cm) vaseular plant canopy temperatures in thef

'hummockv Lnten51ve study (51te l) meadow varled conSzderably

-‘l

:Lrom vear to year&(Flg' 15) but were onhy ca. 15% IOWer than

" thoge- ln the center (5 cm) of the plant canopy. Mean grow1ng_

.-
\

'7L19/0 ‘1971 l973) but were<:5 C in a colder year . (1972)

~ Above zero degree mean - temperatures developeﬁ by m1d (1971

51973) to late— (1972) “June’ and. COntlnued into mid- August

(1972) or m1d beptember (1971). Grow1ng season temperatures

at the moss/501l 1ntertace (- 5 cm) were seasonallv 2 f,5°~C

:(8 5° L max1mum) and were 1" 4° C (5. S C maxlmum) at- the

season temperatures ranged between 5 lO C in.warmer years .

‘-lO cm 5011 depth (max1mum rootlng zone) Above zero degreesi

'_-hummocky meadow was 26 cm. Seasonal 5011 thaw development 1n .fA‘
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temperatures in the 3011 (-5 cm) developed by m1d (1971 ;.
| 1973) June(;o late July (1972? and at a depth of -10 cm, -
.not untll late June to mid- July (1971 1973) og~August

(1972) Temperatures remalned above zero degrees 1nto m1d*

August to late- September (1971) Inter site meadow temperatlre

[

varlatlon extremely varlable (Table 6) Y \
Loy . - : -
) Table 6. Weekly mean hygrothermograph temperatures (°C) of
A e three hummocky (sites 1,7,10) and ane wet (51te 18)

_sedge-moss meadow 1972 (complled ﬁ;gy Courtin'1973).

R S r;,
. Site = e ‘ “_ ' Week Endlng R S (%”

P

v12-JU_n‘:.e 3- July 24—'July » 14 August 21 August<
' '.:fnbt;e‘nsi-vve v stﬁd‘ ) ) ) | | |

meadow (site 1) .~ =-9.0 . 2.7 5.7 - 6.4 . 2.1
Coastal meadow_ o o - TI o - o~
(site 7) -1.1- 1.0 2.3 . 0.7 . -0.7
- Plateau?base T . '__” Dot .n“ "; ngﬂ:-: -
" meddow (site;lO) -4.3 1.8 . 4.4 3.8 . - 1.8

Wet meadow - - o - o o : o
(snte 18) : e e e 3.8, ceed . eee T

ThéihumeCky intensive (site 1) study meadow had. the lowest :
"( 9 L) and- hlghest (b 4° C) seasonal temperat%res recorded
and was Qn the average ZSA warmer than the plateau base - .
hummockyrmeadow (site 10) The SLngle {3. 80 ,C) wet (slte 18)
meadow temperature suggested an- 1ntermed1ate temperature j ‘
xeglme to that Gf the two (s1tes 1, lO) hummockv meadows
Meadow Greenhouse Mlcrocllmate :‘"f |
5 Comparatlve mld July éz mi.d- August greenhouse and

-

adjatent amblent temperatures ‘are shown 1n :Table 7 Green?.t°°

""""

' house Cdreh stans. leat temperatures were approxlmately 60%




leafx;ﬁifi(SJCﬁ)fi‘f'j

'y and early August Carex stans

lMéan-(+standard‘efrdt) late Jul

Table' 7.

.

"o
Y

'C) (1100 - 1700 hr)

itats, at the. hummocky '™ .. .

0

(]

o

3
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0,0,
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Qo

u A
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— N
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3 .

house and adjacent huhmmock and hollow hab

(site.1) meadow 1972.

3

1 cm), and'soil (-10 cm) thermoco
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‘field
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in.a

.
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;;greater than out51de leaf temperatures and mpd canopy (5 cm)

..urtemperatures were e C blgher (115%) than those outsxde the o

.i.greenhouse Average July sedge leaf temperatures of lS C
:1n the greenhouse and 6 C.in the controls, were only 5 - Qr}?'l
~.,.'15/0 hlgher than canopy alr temperatures In early August
;Lhe mean leaf temperatures 1n the greenhousa were 9 C and
°1C 1n the controls These were l&A lower and AA hlghe4‘

»

.reSpectlvely, than correspondlng a1r temperatures Gree

house moss (hummock habltat) temperatures were slightly

€

':1ower (5%) 1n July but hrgher (13/) in. August as compared—

;f"” “to correspondlng temperatures in the out51de ehv1r0nment
:Greenhouse soil (- -10 cm) temperatures ‘were 10”— 20% lower
‘_than those in. out51de hummocks.‘ A - d' ‘

| Out51de hummock moss temperatures were-3éu hagher than

{those in h0110ws. Hummoek s01l temper;&ures were’ 77% hlgher ~"f

.»ln July “dnd” 384 hlgher in August, compared to hollow R
;temperatures The warmest dallv temperatures measu1ed otcurred
'»betWEen 1300 - 1500 hr. Mean earlv August temperatUres were_l’—

_approxlmately 30 less. than those recorded in July.. . d
' A mld August COﬂtanOUS 24 hr temperature proflle for-f};‘
ifthe greenhouse and out51de habltats is- plotted 1n Flé lb.nhv

- H

bbanfﬁ@%rlyzbelow zero temperatures 1n the greenhouse plant‘\?._f

- '_panOpy alr, sedge leaﬁs and moss canoPy were malntalned

“.from 800 2LOO hr and correSpondlng out51de a1r and sedge:f~

-

f_ieat temperatures ‘as; well as’ both greenhouse and outs1de-'

oy

@g%_ soil temperatures_showed,a~2 -3 hr lag Peak alr, sedge :
.J:% &:./; - ; B R e » N : AN -
@@,“ leafy -and mOSS'temperatures\deVIOped.1n;both_areas at .
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Css

approximatelv mid-afternoon (1400 hx) and peak soil
temperatures’ by early evening (2000 hr) Although green-.

.;-house sedge leaf temperatures were from 15 250% higher

i'rhan Lhose of controlsn,the latter leaves still maintained e

1}:Lhell temperatures 50 = 300% higher than ambient air .

temperatures.»Greenhouse leaf‘temperatures showed a- very } o

close correSpondence to their ambient a1r temperatures -

- Below: xreezing hummock and hollow temperatures were SLmilar'fhf -

but above freezing hummock moss and 5011 temperatures were

"approximately 35 - 70% higher than those in hollow habitats:%f-

" ——

]

Snow . "“"F"', anliﬂv7

Average 1971 late Spring meadow snow~depths were 45 cmdzf_Lz

"cand were 40 cm by mid June A 1972 These were’ comparable

. to the 35 40 cm” mid June (1912) snow depths méasured in S
majlowland rock outcrOp habitats (Bliss and Kerik 1973) but ;{:;--

?;-somewhat integmediate to the 25ucm (crest) to 60 cmi.;-~

Aﬂ(trdnSltlon zone) snow depths measured on the raised beach

intensi\e studv Site (b\oboda 197A) bnow accumulation in e iﬂ.'

‘the txansition zone- ot the raised beach was apprOX1mately

7.

hll cm deeper-than that in the adjacent frqst boil meadow

lhe deeper snow development in the former habitat would be SO

- due to snow drift accumulation- Benson<and Brown (1970) found c
maximum snow depths on level (meadow_’) tundra areas in ia -
northern Alaska to be 46 cm. ~ \ | o

| The light (0 26 g/cc) late winter (May) ‘snow density

was representative of the winter - snow cover. Such deep (39 cm)

-



.'”f— pre snowmelt anow denS1ttes of O 4 - O 5 g/cc Were 51m11ar

T g .
. \\'ga!!ai.l
B

and 1ight snow was certain to provide an eftectlve layer of
insulation for the. meadow vegetation Courtin and Labine
(19«{) found that winter (1973) snow/moss layer temperatures'
“ih the meadow were 6 - 10° C hlgher than corresponding air .
‘temperatures above the :Low. Lowland snowcover accumulation
.,.occuxred by earLy September and deposition contlnued untll R

.early-June (Courtin 1973) Sn0w accumulatxon in the January—

March (1973) period was mlnlnml (Courtin and Labine 1976)

and 1nd1cated that maximum snow accumulation'was prlmarlly /

- ‘an early and late winter deveIOpment

[ N T

‘Late, Sprlng snowmelt and dates of total snowmelt were

regulated by 1ncoming solar radlation levels. The cloudlerﬁui

o

sprlng condltions itn 1972 reduced incOmlng solar radlatlon.-
levels below those for the comparable 1971 period (Courtln-

g and Lablne 1976) Total snowmelt in 1972 was therefore a

& il

“eek later and ‘AOt as progre551ve as it: had been 1n 1971,'5
baxlmum annual varlatlon ln the tlme of total meadow snow-

:[‘melt was approx1matelv two- weeks (June 18 = July 4)-*The4'e'uh

lncre331ng water content of snow prlor to complete melt and
the aSSOCLated freeze/thaw temperature conditlons, were
1mportant factors in_ litter formatlon and sub snowsurfaCe;fﬂ’

vascular plant growth The‘latter was pOSSlble because of

the creatlon ot mlnlature ’1ce greenhouses These two

tOplCS are dlscussed in thelr respectlve ﬁectlons. Meadow

- V

- / - ) ."V_"- .. ,%,
. to those measured on the ralsed beach (bvoboda 1974).',“.’;'::{;

P DT e i REEE LT
- - - P



NS ~ Y "‘ - E
éché~fro Q~b3@l meadow; 3@ cm., in the hummocky meadowf “and-
: - .
27 cm 1n heﬁw &b $8).

Tablg\ﬁ. 'Me- ' maximum seasonal soil thaw degchs (cm) &p

tht Ve 1ow1and sedge moss meadows -1 -~ 1973,

_ g — - ——
 Meadow Site 1970~ 1971 1972 1973 Mean
 Frost-boil 13 ... 58 5O .. 59 < ° ig_
Mummocky - 1. 237 327 26 w31 28
Wet 18 i'u.;Jb ‘.30' 22 '29U._.‘ 27

-Thaw was 10 cm deeper in .an earlier and milder season

(1971, 1973) and reflected higher incoming radlatuﬁn

o

=

levels and the assocxated increases in temperaturea Thﬁ?

yearly variation in . 1ncom1ng radlatloq‘and tempe;ature'“
>y EREEC
caused the thaw depth to annuallv vary bv ca. ljf at the
&

'trost b01l meadow and by 30% at Lhe hummocﬁy and wet .

,imeadows. At lower soil depths (20 25 cm) thawﬁoccurred

us

Vror inv'a portlon (ea.. SOA) of the growrhg §eason. @ajor

7;imeadow rootlng concentrat1ons (Dennls and Joﬁﬂ&om h97Q

‘ Mut 1976) and mloroblal populatlons (Wldden 1976) were ;'31‘

' tound in the. ‘upper 5 - 20 cg of the 5011 protile.f ;

IS

Rapld (1 cm/dav) 5011 thaw in the lowLend meadqws was

o

'g‘eeason sOil . thaw was - also found 1n low a*ctlc meadows (Haag

» . .,,

.. and. BlLSS 1974). Free21ng of the meadow SOll 1n1t1a11y

”
L

[s
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.‘ ! ’ ' -0 ) v\ . A » °
(mid- Auguat) began from the bhttom upwaﬁd coincided with )'T “l

- fadiation levels #£.0.2 ly/min. Meadow soils were completely

’ S

refro&en by mid- September (Brown 1976)ﬂ . ,
. Meadow so;l thaw depth was also influenced by soil. 1)
composition, ii) organic matter content; 114) moiéture'

tontent, and iv) vegetatlon cover. The deep thawing frost-

' boxl (blte,l3) and‘hummocky (sites 7, 10) meadows ‘wetre' 1f L

-?;underlain by Gleysolic Cryosols (Walker and Peters 1976)

",txnel) textured mineral mater1a1 The meadow Vegetatlon

_‘Subsequentlv gfeater thaw depths developed Haag and Bllss

‘t(1974) reported a similar associatlon between soil thaw .'

Tﬁebe soxls consisted of an organic surtace layer over

.
-

‘ cover was -unequal. in its dxstrlbutlon and the soil moisture\'

) (oven drv) content was < lOOA- Under such condltlons, less

"heat was required :to melt the low soil ice content and

-

depth and mlneral comp051t10n, in a low arctlc meadow.

7 shallower soil thaw -in the coastal hummockv (sxte 7) meadow'

s A

uxth~a Glevsollc btatlc Cryosol, was 1ntluenced by-the

'51te s clo;e pspx1d1tv to the cold_ocean waterb and the

.

!

- atcumulatlons ot shorellne 1ce., S : . R \h o

Ihe hummockv (s¢te 1) and wet (81te 18) meadow Fibric

N Organo Crvosols (Walker and Peters 1976) were supersatureated

-

(> 340% oven- dry) peatv 50115 which were overlaln by an

o extenblve and lush plant canOpy the reSultlng greéter

- . o

'1nsulat10n prov1ded by ‘the vegetatlon and the soxl's hlgher T

-Alce content, reduced thelr thaw depth ‘to approx1mately half

o e

f:that tound An. the leysollc.GryQSle. Addlson "(1976)

7

N ’ S ,_’. o o - : '__‘ S -4 co -
o - ) ) dg L . o ) -



.C/

'foo:S/the hummock//féite i)imeédo'

PR - S
the maJority of the 1nc1dent radla : and . reduced the 5011"‘ﬂ-

heat flux bv SOW._Comparable patterns i% meadow 5011 thaw

£

AN

.
'Vailabllltv refleotlmg dlfferent 5011 condltlons, h&n~ *\ey\\\
aISO ‘been” descrlbed trom Eur651an 51tes (Rhodachek 1969

Pavlova 1909). f -.1 »\_t . \g,‘ i ‘:fg:, . ‘_‘ o L o

- = L N LR ' S e
Frost boxls,-hummocks ,and hollows are distinctive S S
IS = . . - ) . .'v.-a_ s

blologlcal meadou mlcrohabltats. The warmer,<better;drained. ISR

o “

"rand\potentxallv more nutrxent rlch hummocks uere preterentlal

o

vdscqlar plant growth habltats. Converseiv the hlgher sorl

lkalxnltv, lower mOLSture content and greater act1v1ty
the trost b01l sorls.\reduced thelr growth habitat po entlal
I LY 1’ . .

tor vascular bpec1es; In the trost b011 meadowé“ the 3 iﬂ‘

”~\egetdtlon was concentrated lnﬂereas of 5011 organlc matter

2 ,T‘ 'vb\ -
accumuiatlon and the vascular plant caver of Irest bOLlsf."

. i N I T S . Lo .."",'.‘ o
\sas onl\ 10 15%. g ‘ f,' L ERE
: . - T L o A R
U Temperature T T Coig
R , . P W,
e . s .

= Vo pronounced vertical aboveground temperature gradlen g~t;ﬂ

. N s L ""ﬂf be
) . s . ,_.: : . &V& . v : y
;van round 1n the lowland meadows./%emperatures 100 - 200:cm-*i)${}

;:edge plants adapted to photosvpthe<gze at‘lower temperatures.u

above the plant canopv kere onlvg2, 3“ C lower than those

at a helggt of 10 cm (plant canopv‘, Low (1 352;4 m/sec ) -

L

meddOh urnd speeds (Courtln 19727 an open,enV1ronment. and ..

»

1our\egetation cover‘ uere 1nstrumental ln the lack ot
> :

Vertlcdk temperature gradatlon Although the seasonal mean T

canopv temperatures were<:100. Vavo et '1 k1976) tound the‘

Y

Substantlal (30 LOO ) lncreases in sedge photosynthesxs

H '~. ) . - e : . ,’ -

o T 3



gr»

Fxg

Cae

were-found (Mayo‘et al. 1976) Withatemperathre,increases'of

0 - 5°c¢C. Tleszen (1970) repOrted sxmllar flndlngs for 16w

A

7

(.
(Y

arCClC meadow monocots. ‘ w[. ' .;-- : 17- o v',, fﬂ;;;‘

g - SN . - l:' : B ,./‘
BllSS (1975) calculated the average (19711- 1973) i

louland neadow accumulated degree davs above zZero (at 10 cm)

S to. be 309 ‘and to range trom a hlgh OQQQ“B in aF earller and “a
‘2! .
‘mllder seaseon (1911) to a low of 137 ln a later and,ﬁooler rr'
'season (1972)..Each vear, tavorable above zero deg%&b’axr»f.
—=ha Fe s

"temperatures were malntalned 2 ~ 3 ueeks bevond ‘the ﬁeak
Q

’pLVthe grow1ng season.‘Thls suggested that temperature alone

:”aﬁasﬂnog controll;ng plant growth but that a multlple ot,

tattors‘were lnvolved.; . " Lo RPN "
B ‘ : e : oo SR ‘ )
: Development of mean above zero degree meadow 5011 o

.-

2 R

.temperatures lagged bv approXLmatelv two weeks but was

.e -

ottset bv thexr longer ( two week) duratlon at the end of

‘the season. The onset of the grow1ng season was seasonally

4 -

g\more varlable than was the .onset ‘of dormancy Thls resulted-\\

'Lo ‘a gmre sxgnlflcant varlabllltv in cllmatlckreductlon
*f
<

(el ‘uds etc ) of xncomlng radlatlon lng e earlyxpart of

the grow1ng season (COurtlnCand Lablne 9/6)

“Low, mean belowgroundimeadow temperatures (1 ;‘49'C)‘T-'

"uere round W1th1n the most aet1ve rootlng zéne (lO cm3
R e

'Temperatures 3 cm above thls zone were only lq_C warmer but
r S

'vposseSsed>a greater (QO 200 ) maxlmum temperature reglme. A:,&
Fhe lou meadou-soll temperatures and correspdndlng low :

oavgen ten51ons created by saturated‘%01l cond1t10ns,*~

>

’ Froduoed a stresstul growth env1ronment. Addlson (1976) R
3 ] B . . B : A Lol

[




e

R -

"taln root .growth at temperatures as low ﬁs 0.5°

oy A Bt

tound Carex stans Qerlodlcally exper1enc1ng water stress

Gpndltlons as severe as t ose in Drvas 1ntegr1t011a on the

attected bv the low meadow temperatures. Bllllngs et al.

(1973) found-LQw arctlc Erlophorum angustlfollum’to maln—j

W

.,

and- Carexf“'

;uatllls (low arctlc equlvalent ot C. stans) to concentrate

-~

1ts root growth at sllghtlv hlgher temperatures. Undoubtedlv

.the pronounced vertacal root stratltlcatlon tound 1n arctlc‘

meadows (Dennls and Johnson 1970 Muc 19/6) corresponds t

’the stratltled 5011 temperatures.

Low. mean seasonal aboveground temperatures at the; g

- o e

'toastal hummock) kSLte 7) meadow were a reflection of the

cold marlne env1ronment near- bv._Slmllarmlv the lower.t:”
pLateau base hummockv (51te 10) meadow temperatures were.
Lnfluenced by the presence of exten51ve permafrost ;ormatlon.
under the pkateau. Rock outcrOp assocrated meadows suéh‘as;p

the hummocky lnten51ve, dv (51te 1) meadow ‘were geney

e 8

‘l'l‘_v'

. warmer'because of .the' re \ atlon :rom the- granl ¢ rocks -

(heat sxdks).-

bbadow phySLOgraphv'and vegetatlon cover were'

1ntluentlal 1n the development ot 5011 temperature reglmes. «ﬂx'
A .

Pavlova (1969) found temperatures of mlﬁeral meadow 5011s

to be 40 - 50 higher than those in adjacent peaEﬁ’SOLIS‘_

blmLLarllv Va55113evskava et al.<f1972) tound West Talmyr

.‘ meadow‘sOLI temperatures beneath exten51vely vegetated areas

to be lower anQ_to varv less on a daxly basxs% than those

. . i . ..
e Lo : ’ . ' SO



b'under poorlv vegetated areas..Thls would 1nd1cate that the.'L
”harmest lowland meadow 5011 conditiOns would develop xn

p_the GleVSOllC Turblc Cryosols and the coldest COﬂdlthnS

in thé Flbr1c Grgano dryosols-'?;f ,hV,‘ : :7.‘ e
“' S l;‘ bbadow Greenhouse Mltrocllmate .
S . e \( L o

Average'fleld greenhouse canopy temperatures were 7° Cﬁ‘

uarmer than Lhose out51dg the greenhouse. bvoboda (pers.‘

——T —\ :"
'vtomm.) found ra1sed beach greenhouse air- temperatures to be
' B S
b € warmer whereas Tleszen (1971) found them to. be onlv

*BV C warmer in, the Barrow meadow greenhouse.,creenhouse

sedge leaf temperaEures were‘Q}SQ C hrgher than th e va

'ftne tontrols but- both sets of Ieaﬁ,temperatures were only

.bllthtlv ( 5 - 15“71.) hlgh»er than surro)un _ Elr t@mperat‘ures._‘ ,
. i % ) T ‘R,‘ Lt
Seas wnal meadow air temperature reglmes werd a close :f T

: RN
lndlcatlon of the seasonal sedge leaf temperatures and L

corxespoddlng photosynthetlc capac1t1es. Warmer outsxde

~_hummock‘moss (367) and sorlv(SSZ) temperatures-were a fta"

- )

retlettlon ot better soxl dralnage and more eft1c1ent 5

&nterceptlon ot 1ncom1ng solar radlatlon bv these;f;

habltats. Consequentlv plant cover on’ the hummoeks was.

{ .

more luxurlous than 1n the hollows.:

" The lower average August temperatures corresponded to
”decreaslng lncomlng radlatlon levels (Courtln and Labine
'l976) A dlstlnptlve dav and nlght tempertature reglme'

i devloped in the\meadows bv mid- August. Alr temperatures'

uere above zero tor onlv halr of the day and d1d not

'exce%d 4°°C. Although Mavo et al (1970) reported Oare\A e

N =
-




R would serve as ettectlve 'cues' 1n lnltlatlng vascu%ar

'depQSLCS have partlally cohpensated tor reduted n‘;esf

‘divided lnto upland and meadow tqndra groups (Brown 1969).

‘0&9 ' R £1
.- : 2 .- f ’, 40, = “‘N

‘or hydromorphlc SOLlS (leerovskll 1964) Tundra 50115 were [""

.also con51dered to.;;/counterparts of temperate %one gleysols
7

-stans as caPabie of photosynthe521ng ‘at lowrtemperatu es; /
'lbhotosynthetlc rates did “show a pronounced foa. 40 - «0%)/‘
:decrease durlng the evening hours when solar radlatloq

. Vo S
‘levels had decreased substantlaLly. Decreasmng solar Lo Do

- I

”fadlatlon and . temperature reglmes in early to m1d %ugqrq.

[

\
o
v

R

plant dorm%ncv in the lowland meadows.‘~

A4

sous '

(

'dbllutv of 1oose marlne, 1acustr1ne, 311UV1al and.a‘
» )

mechanxcal and chemlcaloweamherln arctlc pedogehxc'ﬂ‘”

s A .
gﬁgcesses Operate at extremely slow tates. James €19 O)

. Astudv on two separate Rankln Inlet (N.W T.) 50115 whlc;?jf - {"l

| ."had an. age dlfferenqe of l;000 years,’:ealed no . prononn ec[ \

Hl&gdogenbg dltter?zee.i",f : ‘“:"‘.j~ ET'"YF_“ SRR “l"'i \:f
Y The maJor arctxq%sOLI groups reported i, the’llterature, .

-

";[were the lgthgfols, regosols.,Arctle browns, tundra,,and

ibog so;ls. The ’rst tour awe of m1nera1 eomposxtlon and Che o
last’: two are oé%anlc 50115. Tundra 50115 have been further'h

{

1

s

Russian pedologlsts de51gnated the” maJor arctlc 501ls

es_glevsols to peaty gleysols and clasélfled them as gzonal
j -

- @s.

4
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. ¢ ‘ v 3 . . v ‘,. ‘ - . X . . ) w

'f

and thelﬁgctlc brown 501ls as belng equivalents of podzpls

’(Tedrow and Cantlon 1958)' _1{ '*w';,ﬂ ‘e ,f-._ -

Previous descriptlons (Kmng 1969 Barrett 1972) of the

nn(Truelove?Lowland soila used the American system}of arctic .
;soilingassification extensivelv used by Tedrow Brown‘ and »
:ioxhers. Walker- and Peters' (1976) lowland solls studles 1n r }
' the IBP- prOJect used ? comparatlve class1f1cét1on svstem .
'_eonsisting of the Canadian Systems of 90115 Classxflcatron,zi>j’_
;“1  the 7th Approximation, and the ’TentativerClassiflcatlon :
:for Arctic Soils . This latterlexperlmental clasalf1¢atlonzﬂ"
3was deVeloped bv Tarnocal, Pettaplece, and Zoltal (L973) |

£

: B
<§and was dlstrfbuted inm: me&orandum form by J.A McKeague ‘of

the Soi K Research Instit&te.;Ottawa. It is this nomen- ‘ijf—;;;

clature‘s stem that ls'u;ed 4n tHis - thezrs.'ﬁlfll- . };_ IR
. I'orm features/ dralnagegpatterns, soxl Cexture,ﬁ
‘ :ositlon}/were1the magor features dlfferen-:” i‘--‘
';tlat1ng the 10wland’ solls.wThe s01l data reported in: thls‘ |
*rtheSLs were collected 1n the 20 lowland meadow standsaaéed\i
: for phytosoc1olog1ca1 studies- Fleld profllexdescrlptions
N were made in each stand and llmlted 5011 phy51cal analyses
Y'Tmade on‘representatlv‘Fmaterlal from a: stand of each meadow
o community type: Comparatlve meadow nutrlent and phy51cal
.property data were already avallable (Peters and Walkerb
| 1972 Walker and Peters 1976) for a number of lowland

1

meadows

- -]

MR Methods?- 5,> R f ':‘,.> L ..'. ~¥ﬁ~" e
Wlthln each meadow stand studled, a 5011 pxt was . dug

) - \'.‘:_ ) x
;?ﬁi“?f‘ 5\\51



Q6Wﬁ'vw the permafrost table under: each distlnctlve meadow

&1¢roha§}ﬁat (frost~ boil hummock hollow). For eaoh profile.;
ho??zon ——A,thickness, molst color (Munsell) rooting

;'1ntensify,xand seil’ texture was described Depth (cm) to'

L~

i he frozen portion of the active layer was also measured.'

-

In 1971 gravimetric soxl moisture determlnatxons were

ﬁ

mnde ~on soils from the humma;ky intensxve study (site l)
irost-'boil (site 135 and %ec (site 18) meadow. Weekly e

» S ) _' 3
sampling congigfed in thé collection of trlplicate core'

+ %
(b 5 cmﬁdiameter) sam:?“

The cores were dividéd lnto 3 cﬁ segmen%& an thelrr501l
» : o
" moisture content was expreased on ‘an - o@bn dry (105

~fC for
24 hr) basis. Weight/volume calculatlons provided soil

“bulk density data Soil pH determinatlons were made on,t‘i
samples collected in mid- season (July 17) A 13 2 soil;w;'.

w‘wates ratlo was” used for rewettlng (24 hr) the samples and .

;qureddlngs taken on a bargent model PBL.pH meter
i
Meadow topographlc (hummoc s, hollows, frost b01ls)
* o
[ drea dxstributions were calcula éd, from tape transects T
f

\;. used-xn a fros/;ﬁoll (sxte 13) end hummocky (31te l) meadow.‘v
M  Ten 25 meter longwnWe laid out 'in- “a. north - south

* orrentatlon and at 5 me,ﬂ"‘;tervals fr%m one another, ln
-'each meadow stand The exténd of cove‘A by each topographlc :
. _unlt was. recorded in eégﬁ transect and veraged for the ;ﬁ$\\\\;;rl
' _stand %lmllar topogl"&rc dlstrlbutlona\Fformatlon was B \

8 bathered in thexremalnlng 18 stands ‘by means. of 20 X SO cm

-quadrats (n lO - l6) R S ' _Vﬁ : '(&

Lsteken Lo the trbﬁen active layer._ﬁ,l" ‘



Résglts"b_' > e , Oy

606"

«

Frost -boil Sedge mos s Meadowb

¢

Frest*boil meﬁdows were generally found adjacent to

rhe remaining 58*1 9 ol the me adow surface was: covered bv"

hummocks (35%) and hollows (234) Hum&ocks; Smelar to thoseg'

-

ot Lhe hummocky meddow {-ranged from 7 "~ LA cm 1n~he}ght and

L trom 10’ .80 cm in diameter. The majority of the#%owland

:’F\ vascular plant CQver ot the frost b@gd@*%as 19

-

. and hollow hdbltdt-.h ‘ 'n>" Lo | ’f S : 3

B

frost boxls had a relatively tlat o sllghtly conca#eg§urface_

_and’ were overlain bv d thln (ca. l 5 cm) algal mo;

N wﬁ .

Organlc mattennaCLumufetL‘n varmed with the t

\
dnd vegetated dreas (hummocks and. holloﬁ?& poi\essedtthe
hlghest coneentratlons dnd trost boils the lowest. The more

extensive plant growth and urganic matter bulldup was otten‘

. dxound protrudlng or subsurface boulders. rhe-h\eement layer’

oL LhL thued soxl tonsxs;ed ot greyish brown sandy 1oaJ

wo basit soils were tound in these‘meadows. H_av11y

S

51m11ar'tp those or hummotkv meddows. The followxng is a o

descrﬂptLoanL_AeC4 ~solxc Static Cryosol beneath a hummock

n

Sar
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A relatively inactive

showing evidence of a
development. T
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frost-bdil (foreground)
vascular. plant cover
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debcrlptlon

Habitat

_Frosé4boil

«Léyer

L

2

=

0

.5

.5

42,

Habitat * Layer

'j Hlﬂﬁﬁokkwi'.t'l . 0.~
& '2 . 3 | -
';3of 7 -
.?._,‘ X 4/1 24 ‘ _
5 32 -

« :
Hollow O A
"2 ) 20w
3 .5 -
RS 15 -

. ” - o . .v> ﬁ '

S w25

Depth

At

- Depth (céi

24

-3z

68

) Description

- live moss, vascular plant‘,

stems. littér

" déead moss and vascular plant

stems,rroots and rhizomes.,

.l.‘

} very ‘dark brown (7.5 YR 2/2)

organi¢ matter w1th abundant

rooting o . -

very dark brown . (7 5 YR 2/2) ,A/
. .sandy loam, stohy, and with ’

‘pleanful rooting j"ﬁu, % -

" frozen portion of the actLve

(cm)

0.5
1.5

9.5

wa

- layer o

.stems,

s -
~

iive moss, vascular plant'
and lltter. '

.dead moss and ivasc.ular plant @

btems. roots, rhizomes.. -

very dark brown (7 '5 YR 2/1)
organic. mag}er with abundant -

rooting

'very dar? §reylsh brown
2

(10" YR.3 saidy loam, -stdny-,

and w1th plentlful rootlng. o

trozen portlon of the- actlvg

\layer. . ) v -

J”brost bost had Gleysollc Turblc Crvosols. with the following

.Descriptioh»;' o

—lxve moss,"algaes and 11tter.j~

dead moss and algae.

~dark b ‘own (10 YR 3/3) sandy

-1oam w tH few .root

\

‘yelIOWLsh-brown (10 ¥R 5/4)

sandy loam with few”roots,

" frozen part' of the active” laver.



The fin;‘sandy lbam teiture: IbQ otganlc matter content‘ and
reduced soil moisture content of these soils resulted in
their thaw being 10 - 17 cm deeper than that in adjacent
eClevsolic Static Cryosols. Mechanical anal&ses of a £xost- y
boil soil égvealed a 47%. sand 35? silt and lsA clay content
bln the upper 38 cm. ot the proflle and a: 79% sand 164 sllt

‘s I
dnd.Sm clay contenc in the lower 47 cm of. the proflle (Peters?'

and Walker l%\J}‘\/

Hummocky Sedge- mo!s Meadows _ —

_ The hummockv meadows feature a_ characterlstlc hummock/

'hollﬂ& t0pography On the average, 6‘%+8 5% of thelr surface

ared is: CBvered bv hummocks and 39;8 SXVerhollows. Hummock5"”
R

"ranged Ln size: tnom 5 _ 15 cm’ in height and Erom 15 - 90 cm

mxn dianéter. The hummocks, @Ccordlng to Raup s (1965)

e

cla551tlcation, are moss derxved and deve10ped on sllghtlv

elevated mounds of orgaﬂ1c~materlal QV&YlVlng a~peatv mlneral

sub‘st ratum. '@~ ‘
S ) v . e e ST ) . . : . . . ‘
. Hunthock¥ meadows w Tnderlainx by either Gleyvsolic:”

l

St i f Fo8o ‘?’1%07“: the stands) or by

B

vaosols (40% of ‘the stands) - The follewing'ls a~describtlbn:<

ot a Glegsollc Statlc Cry&sol beneath a hummock and hollow . jﬁ.
Habitat | Layer . Depth (cm) ' Descrlptlon - o
Hummock - ' 1 ! s Q.— 2 ‘: llve mOSS, vascular plant

- stéms, and- litter.
97 ‘2,i‘71;-fldead-moss, vascular>plant'

stems, roets and rhizomes

3 Y7 - 13 very dark brown (7.5 YR 2/2) ?}'?-s
T T " organic matter thh abundant .
roetlng T _ : |

i

N ]



< . . . R . . ‘ R to ' . e P
. . . ' .\ . . . .
. "o Ce , I [ . 70 %
’ .“ X o ) o
i .
v
e . . *

"’_Hab_itat © Layer . Depth (&m) \‘ ' j. ibescrii'ptlon '

LA 13 - 5 3&r§ a@k reyish brown
o B ST N (2.5 Y 3/2§ sandy lbam with
« . - - o 'v;_‘ ‘plentiful rooting ', gb

5 t23 - " frozen part of the acti

¥ layer. . ...
/

- . Hollow. . 1 0 -2 - 1live moss, vascular plant

. Stems,-toots.Aand rhizomes - -
"ug-ﬂu‘""- T 270 ~ﬁ2 -2 dead mosa, vascular ‘planmt -
‘ ) ' : S stems, roots,'and rhizomes
. T A lq':,_verv dark -brown (10 YR 2/3)
- .7t oot . s organic. matter with abundant
Lore . ... .. - rooting. o -
e f‘;"\ljz"'glﬁ'ld - 187 tvery dark. -grey’ brown - :
T S (235 Y 3/2) sandy loam with L
o o e e ""plentltul rboting M

s

5 ) ;1875. Co trozen part of the actlve e
cee e LT léyer. T

;’ The tolloylng is 4 descriptlon of a Flbrlc Ongano !
Nome T ’ @ .
N Crvosol beneath a hummpck and hollow s S "V
N R R & .o . E ’ ’ «7 .‘-:‘ s -8 - : J

.:'.‘!‘ A X A ‘.. . < C., : : e e _:;A X ‘e IR - b
o Taol R .
Habxtat j,Layerﬁ Depth (cm) ﬁ.l‘# Descrlpqlgn v_ff '_*_»'\4-

Hummo;k R "fi@ —=2T -,Vllve moss, vascular plant iﬁfﬁif~b
- o R - stems, and L&gter T e j-\»~:\

. ) ._ . . "".I B . . N - . - i . \\ . .
=T 2 2S5 w,dead mOSb, vascular plant [

: L - .stems,'roots‘ and ‘rhizemes. ._\ '-;

C= s 30t s 2015707 ddrk reddishebrown (S YR 3/4) -
S n - . ' ‘organic¢ matter with abundagt “‘ﬁ_
rooting. o e '

/i_ S 13'; 19  dark brown (7 5 YR 2/3) organlc, a
S e IR . matter W1th &bUndant rooting.

" . 5 7 19 - 24.  dark reddish-brown {5 YR 3/4)
\ . o o T . "organic matter w1th abundant
‘ : rootlng : - oo .

. - -0 24 - (Brown (755 YR 2/3) sandy © . .
o - ; ywlth.abundant ‘rodting. 'v"-;’;
’ o AT - nipar of active, layer. o
" , . :
’ #



L

; ,SJ

Habitat'f.Layer : Depth (cm)-." f.Description
Hollow I -1° - ,0" 4 'l;v§ moss, vascular plant
B g stenis, litter. \
B ‘2 %{-A;-lsli‘j dead moss, vascular plant -
3 ., .. stems, roots, rhiZOmes.wg‘
S5R39 4 7% 1L' dark reddish-brown (5 YR 2/2)
i T LT " organic- matter with abundiant

U 117- 13 dark-brown (7.5 YR 4/3) =
‘ ' U . Torgani¢ matter and sarid.with
with abundant rooting.

13 - 17" dark reddish-brown (5 YR 2/2) |
organic matter with abundant

) -
: 3@’f rooting.

6 ° ' 17 - S frozen part “of act1Ve layer

Meadows with the latter soil were'generally better

dralned while meadows - with the Glevsollc Statlc Cryosols

were associated with poor drainage. Greater hummock area“ )

» . o/

~deve10pment was  found . ‘in the‘meadews~thh Gleysolic Statlc

Crvosols (64% surface area) than Ln the meadows w;th Flbrlc
Ozgano Crvosols (56%). % v N
' Wet Sedge Moss Meadows o

QD¢ meadows were characterxstlcally tound 1n areas

of meeded dralnage (tloodlng) @long streams, and pond ,‘

_margxns. Reduced decompositlon rates in these flooded

habltats, added o the lush vascular and moss plant gr0wth

"resulted in,extensive peat accumulations (50 cm deep). From

|

;_40 = 507 of the peat remaxned frozen wlthxn the permafrost.

Flbrlc Organo Cyrosols, similar to. those ot _the hummocky

meadows , was found in these meadows.

rooting _ ,"_ ,,__»v.f
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The. following is a ‘description of a. Fibric Orgauo ‘ ‘
. l' 14
b%yosol‘ ’ ' ' | SR
R , - . . . A
Layer Debth‘(cm) ) ‘,IpDescription R
1. 0 -4:.. Llive moss, vascular plant btems,‘
7 s and 4itter.ﬁ,
. o R : . .
2 ° LA - ; [dead - ‘moss vascular plant stems, .
o : . roots,.rhizomes. o .
R 8 - 13 very dark brown (7.5 YR 2/1) | .
' . .organidé matter with abundant .
*rooting b . - : <
- 13 - 24 “dark reddish*-b‘rown (5 YR 3/2) ]
organic matter with abundant
i rooting ~ . .
5 ., 24 frozen par& of active laver.
. l ! . r L ¢
| v ‘ L 4 :
5011 thsical Properties" W‘T\.»ﬁ SR oL
Average soil pH in the pper 25° ém ofnbhe profile %ﬂ‘ti“f 0
showed a transition trom aC1dic conditgozg in the Fibric' . ;i
Organo Crvosols to akk”Tine conditidhs ih t e Glevsollc e j;fﬁ)
Turbic Lrvosols (Table 9). The Gleysolic ‘Stdtic C:gosols-"“ L
L d - . 3
.. had an almost neutral 5011 pH 4 drop in. fhi 5011 pH at \ ) o
. ) X ! ’ : - k4 ,:“" )
the*3-- 10 'em depth in the F bric Organo Cryosol ftom t?ﬁ o~
‘hummotky meadow and‘a similar drOp iﬁ the %afrlc OrganO'f T 1\3‘
Lrvosol (15 - 20 cm dpeth\ of the wet meadow, indlcate -anq?ri'

Clevsolic Static Crvosol of the frost b01l meadow‘ﬁ m%g i vfﬁ o

indicated the calcareous nature of the undezﬂVLng

e matter accumulatioq and”decomp031tlon.

'L Ce

B .
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. Low 5011 bulk den51tN values (Table 9) 1n.the Fibrfc 3

Organo Cryosols of the hummocky and Wet meadow and 1n the

.upper 15 cm of - the Gleysollp Statlc Cryosol of the frost-3

-

) f b
.‘400/ and was 350 '5257 in the wet (51te\18)fme’aow— 5011 .

borl meadow, 1nd1cated the peaty nature of the55011 TheA:-.f

lncrease 1n soxl bulk denSLty at the,,Q\Si\ﬂepths of the‘ ‘ j:;
Fibrlc Organo Cryosols was attrlbuted t rganlc matter ' '

'compactlon‘and mlneral matter (aeollan and alluV1al) L lrl
4 ‘ BRI

accumulatlon. The Gleysollc Turblc and Statlc Cryosols,

‘wére prlmarlly of mlneral comp051t10n_1n the Tower (15 a 25

cm) portlon of thelr proflleoand revealed.no organlc matter.

anlu31ons. 'v A ~ e

Safﬁrated ‘soil condltions eilsted in all of. the lowland
sedge moss meadows. Soil m01sture levels in the frost b011 '
i . Q .

(51te 13) meadow ranged Erom 50" 707 in the frost boils: to

250 - 350% under ‘the heaV1ly vegetated areas. S6il m01sture<{

content of the hummocky (srte l) meadow ranged from 275 .

e i

- m01sture levels remalned relatlvely stable over the course -

-

: .or the grOW1ng season. - R R 1‘-v . Jn

’\

\ meadOw 50115 was in larée part a result of the low 5011 'f“;

. “ . . . " o (." ‘ o B . '- . . . N »v " .\ " ’
Dlscu551on : o . Ve e _ S . :
R A ; RN

The weak and slo pedogenlc development of arctac

\temperatures, shoru perlod of thaw, and hlgh 3011 m015ture'

b\ ] 2d of thawi and.h / o

SRy o
tﬂawlng but well vegetated FlbrlC Organo Cryosols. The e "

— s

G ysollc Statlc Cryosols w1th characterlstlcs 1nter--

.

- v e

. . . - X . R o - . - ) )
. . . . d . ' B
. . - . 5 . . . . -
. . . . : . b . -
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 rooti ng habltat Root blomass w1th1ﬁ3these soils was only'

§
, found the coastal ¢51te 7) ‘and plateau base (s1te"lO)

medlate-to.those of the aforementloned 50115, were the

dom1nant lowland meadow 50115d

B
e

Gleysollc Turbic C??bs\ys pres‘nted an extremely

'was lnltlatedAfrom borderlng patches of dense v&getatlon. R

Walker and Peters (1976) descrlbed thelr development as.

belng assoc1ated w1th poorly dralned depre551onal areas

Ce

w1th undlfferentiated materlals.,

-

4. The Gleysollc Statlc Cryosols provlded a-: sultable

30% of the blomass found in the Flbrlc Organo Cryosols.‘ﬁ:D

Meadows w1th the Gleysolic Statlc Cryosols possessed poors"

dralnage andlwere assoc1ated with the coastal or plateau‘

: base reg;ons of the lowland Courtln and Labdne (1976)

*

hummocky me&dows tp be colder than the more 1nland hummocky-.

[ R AR

1nten51ve study (s1te 22N mEadow Wthh was underlaln by a.

‘_Plbrlc Organo Cryosol @”ercold marlne and plateau

env1ronments were con51dered as reSpon51ble for the lower

temperatures of these meadows. Nltrogen flxatlon in the
\Te\sollc Cryosols was low (Stutz 19;5) and would suggest
th‘“‘therr nutrlent levels mlght also be low e

The Gleysollc Static Cryosols developed on coarsevto

flnely textured materxals of alluv1al flood plalns or

- P s

- . < -
K . R . . O LT . e



drainage slopes (Walker and Peters 1976) .
: Gleysolic Cryosol types of soqls have been whdely

reported from other high arctic areas Those on. Nothern L

| Ellesmere Island have been deserfbed as- rego humlc gleysols-'

)

(Day 1964) and as tundra gleys on CornWallls Island

(Crurckshanks 1971) In. the Low Krv ;iJanz (19725 descr1bed

such soxls as crylc gLeysols Equlvalent Eura51an 50113 are

termed peaty gleys (Derviz Sokolova 1966, Pavlovg'lQQQ,

- -~ : i

lehomlrov 1969) ) R '. 'r . l' . l*
The Flbflc Organo Cryosols prov1ded the bestngrowth ”?7;
rwlfqmedlum forythe meadow plants. Thelr average roothlkhass .
";;?as l‘P -~ 210% greater than that. 'of Gleysollc StatlcE
;‘h‘Cryosols and meadows w1th these SOllS tended to pOssess\a .
: rlch dlver51ty of specres. The avallable 5011 nutrlents -

-

were lO - 7OOA hlgher than those in the Gleysollc Stat;cA

..

Cryosols (Walker and Peters 1876) Avallable phosphorus

levels were - low , a condltlon typlcal of organlc 501ls and

~result1ng from 10w decomposltlon rates Stagnant water:

'v_condltloqs 1n the F1br1c Organo Cryosol 5011 of the wet 'd_sl

FORA

ERRN]

(51te -18) meadow- resulted in Low nltrOgen flxatlon rates j'fb
B

(Stutz i9%&) The better dralned Flbrlc Organo Cryosol o

the hummocky 1nten51ve study (31te l) meadow had high

v nltrogen flxatlon rates and potentlally a. more favorable R

'nutrment reglme.f c ¥“‘ e e *f e
. - ,' . »_ ’/’.

Walker and Peters (1976) found the FlbrlC Organo s
Cryosols developlng on undlf%erentlated very poorly dralned

depreSSLOnal land forms.uGomparable 501ls ot Cornwallls

1
!
I
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}slaﬂd were descrlbed as bog so;ls (Cru1ckshanks 1971) and f s

/ cryrc fenno fibrlsols in low arctic meadows (Janz 1972) ‘_f s ”‘/
A o _
- Similar hummock dimens;ons in the hummocky and frost— y“ﬂ//

:7f6b01l meadow indicated simllar ontogenles Lowland meadow
hummocks were/only half the helght of. low arctic hummocks
}_(Hopklns and’ SLgafoos 1950) A closer 51mularity was found /d

Y
._w1th hummocks ‘on northern Ellesmere (Sav1le 1964) and 1n l/

_fEurasian meadows (Khodachek 1969 Pavlova 1969, Beschel and
,jMatv yeva 1972) Lowland meadow surface area coverage,.by
hummoéks of 56 , 64% were almost double those reported for'
~Western Taimyr meadows (Beschel and Matveyeva‘l972) but ‘
fLL51mllar in extent to those_of dryad Sedge moss hummocky _’?hi'f /
ntundra (Khodachek 1969) Hummka f\rmatlgg\and cla551f1-”.'. ’ /

121 Jhen well documented (Hopklns and Srgaﬁ\\x\
'-","'1951 Raup 1965 Webster -and’ Sha¥p 1913)

\«\'

——
The average tover by frost-borls,_ln the lowland frost--
i;b01l meadows, was QEA of the total meadow area. The- cover“i
'??was AO - 740% greater.than that reported for- low arctlc i.":Q§1
: meadows (Johnson et al.il966 Pavlova 1969 Aleksandrova '
: l970a) "oldert (less actlve) frOSt\b01l meadows,ffrost;
i'b01ls covered only ca. 204 of the Surface area and. possessed

. nt cover Lowland frost borls e

;con51derably greater ca. SOA’.
had- only 2 5% of the‘organlc matter co ent of adJacented

heav11y vegetated.areas (Walker and Peters l976) Eurass1an »djrj
'tundra frost bo“ls had 2 - 3 tlmes less organlc matter L

‘ TN

'cgmparable heav11y vegetated areas (Grlshnafd
2 .

content than d1'

and Vlrchenko l’72). The low sorl organlc content and hlgher ”
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\

~surface area ‘cover by frost- b01ls~ suggested a mqre actlve

set of condit1ons prevailing in the 1ow1and frost boil ‘f'7f}
meadows. The deVelopment\and ect vity of frostrb01ls has o ‘\ "
Jbeen well documented (Hopkins an ngafoos 1951 Drn?y ‘
S 1962) | . .

A dlstlnctive SQll phy51cal and chemkcal gradlent

. occurred in the meadow\501ls (Table 10}

'"Table lO;g'lComparLson of mean (n 15) soil physlcal ab
‘ RS - chemical properties (25 cm total depth)

o ~ three maJor sedge moss meadow 50115. _ ,\q;
- w—— - g o J .
‘-Soiliu' : Meadow ~>pHA Bulk Desnlty Soil . Max.
o B SR l - (glec) M01sture Thaw
. - o J/iﬁ - o : (%) *(em)
. Fibrlc Organo - “wet".'5.8,~ S 0.1s o 647 22 .
e Cryosol o . ' o
S W-_ - 3 S : oo o
\\g_'-FlbrLC Organo . hummocky 6.0. - . "0.19 . 340 . 23
' , Cryosol o c s o S S
R : o -8 ‘ Cag
G eysollc Statlc "frost- 7.0 - -~ 0.68 ... 284 .. 36
yosol o -7 boil . ST L
, Gleysollc Turbic ;frost; 7.7 'f 1.23 . ;-"VQS 56

_ryosol o ~.boil-

The FlbrlC Organo nyosols Were the most‘acidic and wettest
N -

\tv most alkalfne 5011 condltlons and thelr moisture content

o.

waS\only 15 S% that of other meadow 30115 Average 5011
. f e
prOpertLes of tnE\\ummocky (Slte 1) and wetjﬂilte 18)

meadow FlbrIC Organo Cryosol 5011 were 51lear,\Qgth the

exceptlon of the hlgher (25%) 5011 m01sture content of the -

fe

. '“;'WeF meadow 3011‘ The Gleysollc Stattc and’ Turbic Cryosols\\\\\\ig



o eff1c1ent lnthls respect

o
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Lpossess d the greateSt 5011 prOperty variation. The-latter~

soil ha an 80/ higher bulk density and a 55% deeper thaw.
\

than di the Gleysolic Static Cryosol.

Its soll moisturev

‘content was onl\\ZO/ of that in the. Gleysolic Static Cryosol

Fhe lncreased pH at\the lower depths,

mn the Gleysolic

btatlc Cryosol corresponded w1th Peters and Walker ] (1972)

flnd}ngs of decreasrng organic matter
- Soil densxty data d1d not lndlcate “an

.organxc matter thhln elther of the Gl

]

content Wlth depth
accﬁmulation of burled~

oysollc ngosols' The

increased 5011 densxty,.w1th depth, in the F1br1c OrganoT

"»Cryosols lndicated a qompaction and sedlmentatlon of materials

A'rn the lower soxl proflle This would

to rooting at‘the lower soil depths.'

i

“anfinSLgh. to the adaptlve surv1val

Tplants; Plant rowth dynamlcs are addi
l:seasonal communi &y chlorophyll levels,
~and biomassvpatterns. Arctic plans/gro

Altself to a short grow1ng son and h

be a ﬁurther llmltatlon

PHENOLOGY AND PLANT CROWTH

asonal meadow phenology and growth patterns provlde

strategles of arctlc
tlonally reflected 1n:
leaf area, carbotydrate

wth has also adapted‘

as become hlghly

Phenologlcal and growth measurement (phenometric) data

'Collected from the domlnant meadow spe

7§£§E§) made it p0551b1e to examlne in
. and intra-= site- varlablllty in plant gr
S plant.photosynthetlc shoot length 1ncr

i,.,

cies (prlmarlly Carex S
ter seasonal and 1nter-
owth Seasonal total

ement data and post-

Y

~

sz——— ! : . ,

Vel
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gro@th-peak diebaok,data made it possible to correct\fof
aboveéround.primary produétlon underestimates. .

Methods ™ IR | 4' "
‘ .iPlant_Growth - - ,\‘

°

16“1970 phenofbgyiand growth.measurements were taken

"Lrom Carex membranacea at the hummocky intensive study

'~(51te l) meadow In l97l, these measurements were extended

to’include, Efiophorum angustlfollum Arctagrostls latlfqllé

Pedlculafis sudetlcai;%diygonum VLV1Qarum,_Sallx arctlca and "

-'Carex stans Measurements were also made on C. stans‘at’the

-

"wet (site l8) meadow. In l972 data were, only ga#hered from

t the h“mmocky and wet meadows and- erm Carék

membranacea. at the hummocky ‘and frost- boxl (51te 13) -,

meadows. In each meadow, exclusrye of the wet. meadow, the

sedges were.studled separately in the hummock and hollow

‘habitats‘ Leaf increment measurements were also‘eollected

from C. stars plants in the fleld greenhouse.

Growth measurements of the above. plants were based on °

~—
r

1nd1v1dual leaf photosynthetlc tlssue 1ncrement. In Sallx

arctica the seasonal photosynthetlc)leaf length of a select

.number (n lO) of leaves per plant was measured. Ten plants

On each leaf, the photosyntheﬂlc terminal p01nt was marked

per: specxes were found to be suff1c1ent to prov1de a measure~
ment varlablllty of +10%. Ea h tlller s stem base was tled E
w1th a sewing thread 1mmed1abe1y above the ‘moss surface.

i

w1th India ink (O pen) and regular measurements (mm) ‘taken = . o'

'of the dlstance between these twd” reference p01nts. Records,

7.
\

| \“l .



’

were also kept of. the .dates of leaf and floral initiation
as well as the time of seed set . These‘obsérvatlons were

‘ : - o
taken on.both tagged and untagged plants. Leaf increment

measurements were taken every ‘two days in 1970 every three
 days in l97l ‘and every’ flve days=in 1972. \ |
Potential sub- snowsurface sedge leaf growth was

‘\‘

measured in three wAys" .

!

| l.°Late tall (1971) tagging-andﬁmeasuring"of ten Carex
B

.stans tlllers at both the hummocky (site 1) and Wet (s1te l8)
mead&ws Tillers were remeasured, meedlately after thaw che ’

next!sprlng .
é. Uncoverlng and tagglng ten C. gtags plants in bby
1972 and then recoverlng the plants with snow. Measurements
were taken 1mmed1ately after 'snowmelt in July . '\
| 3. A 1 meber Square area of the hummocky 1ntensave |
~ study (51te l) meadow was. cleared of its Snow cover. (30 cm)
kln late spring (June 22) 1972 and 15 C. stans tillers wére
tagged .The- tilletrs were left uncovered and measurements of
leaf 1ncrement taken at regular (ca. 5 day) intervals for
the remalnder of the grow1ng season. o >., S .
Flowerlng"' |

v Flouerlng and seed set data were collected from the v
phenologlcal Enytosoc1010g1cal and productlon studles..
valowerlng estlmates were taken on populatlon den51t1es .as

low as five stems (forbs) to as hlgh as 1000 tlllers (monocots) f

Belowground Plant Systems

Belowground Carex stans and c. membranacea tillervsystem
) == - : . == ;

N A
L
o &
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compgsition data were based on excavations of nine and
\\

four, respectively, entire tiller systems:.lndkvldual tfllers
were 1dentified as: being mature 6r immature (no dead leaves

present) live t!ﬁlers or dead- tillers Inter-stem rhizome

t

distances were also ré@orded.

>
s

Result

e

o Plant Growth , \¥

Average duratxon of the potentla ‘meadow growing season
(tlme ot 50% meadow @nowmélt to 50% Z;f dieback) was ..
iapproxxmately 50 days. In 1970 it lasted for 50 days; 55
days in 1971; 45 days in 1972; and SSOdays in 1973. The .
potential belowground érohing system«lagged{the.aboveground
‘season by approximately two weeks.'AnnUa% variation in, the
initiation of the meadow growing seasoh waa on the ofdetvof
3. - 16 days. '

.Total‘tilleraphotosynthetic ieaf,increhent, in~both,

‘Carex stans-and C. membranacea, exhibited an almost linear

developﬁent’uhtil the peak .of. the aeasoh (Fig. 18). Post - t
'peak‘season,dieback was initially'siow but Qas prondunCed, ‘
'Za week later. ﬁarlief ihitiatibn of the'gfowihg season

(1971, 11973) reeulted in positive net photaaynthetic 1eaf:
tlssue 1ncrement cea51ng at an. ea&ller date than that when
:the growing season was later (1970, 1972) in its commence-'
ment. Leaf length 1ncrement occurred for only a 30 - 40

dav xnterval of the total potentlal grow1ng seaSOn (Flg. 19)’
‘Leaf increment in the youngest leaves contlnued on- untll

.almost the end'of the potentlal,growlng season.

«
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Y In.an eariiar and mtléér s§a36n'(}97l) iR the® hummocgy ¢
lntenilve study (site. 1) mcadow,,tocgk scdge c11Pe; leaf ‘

‘Increment was 277% greatér in CQ ex mggg___gggg and 18%
greater btn Co __mg than 4n a‘ Jater-and cqpltr nl!on

T e

(1972). A similar compartson of‘Carex staas at the wec'
(site 18). meadow showed the differenco 5o be 21%. Cargg 0
~stans tillers growing (1972) An the tieid greenhoute had

- Q
a total tiller 1 crement 15% greater than thetatn controls.

Both Carex g;ans and °C.. Démbranacea re&ained oveg, B

winter, 10 - PSZ of thelr p@ak seasdbn photosynthetic leaf °
_tissueoln a green state!(%ig.ozog. Post)sﬁowhelt ‘medsure -
fmencs ot late félL and - ea:ly spting ta;;ed C. stans c;llers
ingjcated a sub snowsurface 1n9/§;ent, in tha wintercgr%en
carryover Lissuef of 6 j 8 mm ;er.ﬁiller. This ;epresbnted o,

an increment slightly 1esg than 4 of the. ‘total seasonq}

c »

‘leaf growth C.’sgans tillers ghich had been prematurely

[+]

excavated from thg “snod s%owed ﬁo le&f growth untxlo(fo ,
© ." ) 2
o . ) to

lmmedlately after natural snowmelt OQcﬁrred.cc
Over- all~xncer communlty var1abil1ty Ln C mgmbranaceaa

D ? a

total tiller ledf xncrement was minimal (F1g 21)..0m an

2

c

1ntra site hummock/hollow cBmp@rlson totq} C1l{;rcleaf growth
was almost ldentlcah, °at ‘the hummocky (sfte 1) eadow (Fig..21).

A SlﬁﬂlarcomparlSOQ a the ﬂrost b011 (site 13) mquow showedg

4

¢ .
hummockctxllers to have ZSAomore anrement than hollow tlller§

Q e
In 1971 maxlmum fotal Cu stans tiller leaf lengshs in-
. . Q o
wet meadow.tlller§ weqe 10’ greater.than those of hummocky
o. o )

meadow tiPlLérs. °In tge'later and-’ Eooler 19]2%season, total~ _-
. : - s ’ - . : = T B B '
¥ - P < o ‘ o < > ) o’
5 S . e e L PR R %

6 ) . ) é) ~ o 9' ""' ’ " - 20 6
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‘Tarex stans tlllers showing . green tlssue carrled

~overwinter, dug up from beneath 40 am’ of snow at.
the wet (51te 18) sedge moss meadow.
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tlllér leaf lengths were sxmllar at both meaFows An 1ntra-

_551te (hummocky meadow) comparlson of Carex stans tillers

. o

revealed hummcok lnhabltrng plants to have 15/ more totalkvff

tlller 1eaf length than dld hollow 1nhab1t1ng plants (F1g

;-1 21) 'y dlStlnCtlve tlller height gradlent was recognlgable
'inn lowland ‘meadow C stans (Flg 22) Wet meadow tlllers -
u-twere the tallest and frost borl tlllers the shortest The

lhummcoky meadow tlllers possessed an 1ntermed1ate stature

Erlophorum angustlfollum and Arctagrostls latlfolla

| 7d&¥&}oped seasonal total/tlller leaf 1ncrements simllar to
-“'}thosg found in the sedges (Flg 23) Seasonafﬁy, Erlophorum

lhad approx1mately 354 of . ltS photosynthetlc tlssue domlnated

'Qby anth0cyan1n plgments

In Pedlcularls sudétlca and Polygonum le1parum*“ .
o oo - _—
max1mum plant leaf growth was achleved approxlmately three

‘weeks after snowmelt (lnltlatlon) (Flg 23) Leaf growth

_occurred for only 24 and 18 days, respectlvely, of the'“

. -potentlar grow1ng season PédlCu ary _talned 1ts full'

_photosynthetlc leaf compllment a week longer than\drd<

Polygonum.-

Sallx arctica .leaves. expandedy%ully after only two

‘"weeks of growth and . malntalned thelr full phodgsynthetlc
e capac1ty untll the thlrd week of July (?1g 23). LeafA

-expans1on occurred for only 12 days of the potentlal
ygrOW1ng seasom R

Seasonal (1971) leaf growth dynamics of a/represent—'ﬁ_’.}“

'fatlve Carex stans‘tltler, ‘at the hummocky meadow are shownv%.'
'»?,
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/_During the growing season the two oldest 1eaves (A B)

vgemained green overwinter.'

~attatched to

'.b011 (51te 13) meadow, 6 4A at the hummocky (Slte 1)
ameadow, and 12% at the wet (site 18) meadow..Post peak

"growth accounted for sllghtly more than half’ the, total ;;:

1n Flg,»za The tiller retained three pnrtially green

leaves (A B. C) and one fully green leaf (D) overwinter.‘"

. showed only limited growth and had died by season s end.,

.The two younger leaves (C D) showed a pronounced seasonal

. the" other leaf (D) only died back ;artially During the

- growlng season three new leaves were formed (E F G) These

'along with the youngest leaf of the previous season (D)

Yo

which d1e ‘over. he course Qf the season Dead leaves remain

he tlller for another three years. A sedge

\ -
uleaf becomes incorporated 1nto the meadow lltter after .

“'j_dulations of monocot foliage pre peak dieback

'total seasonal growth gave values of l 8% at the frost-_"

.amount of pre peak dieback Both components prov1ded an

‘(..'.L; TR

C. membran'cea and Arctagrostis latifolla tillers showed i;;;

owning) and post peak growth ‘as. a percentage of the e

h growth and although the olde (e leaf eventually dled,F/;;5-i

_@ The life span/of a Carex stans leaf is only two yearsﬂﬁ.

-and three leaves/are formed each season to replace those,'-‘“'-'-.'~

approximate y flVe years from the time of 1ts deveIOpments._ g
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1
|

“an otherwise underestimate, _____

' important correction faptor f‘
" using’ green_matter only,.of abo eground production ,,,,, IheSe'“

) : i ’

~correction factors were- applied to péak season monocot

shoot hiomass‘data in calculﬁting the total green thsue

L , o, [ S .
| ‘production-for the year.r / ‘ : ’;/gf . !qu%ég\\
AR A Fl/»wering o
T— Flowering rates oﬁ,meadow plants were low and exhib ted

e e \t .

a distinctive annual and site vaqfation (Table'll) Mon cot

spec1es, exélusxve of - Luzula confusa,‘maintained an ave age“

:population flowering rate of°< 57’ W1th

©

'J“for the forb pogulatlon belng < 10%. Floweri

ftriste and E. angpstifolium populations were th: 1owestu~

:( < 2%) of all meadow monocots. Luzula confusa main

'ithe highest meadow flowering rates (357) Of the forb \\\

V'Q,Speéies,:Pedicularls sudetica had the highestiaveragev"
- ﬁ-\\. _— e P . ) :

'.'flowering'rate (15%) . fth' *: e

h\\\ _ 1.In Carex stans, the highest (8#) average flowering
- :...( e S L4 N
rates were in the wet meadow p0pulat10n and the lowest (44) 'v;

in the frost b01l meadow pOpulation Arctagrostis latifolia'
_.exhibited the reverse flowering/habitat gradlent. The mean o .
total plant population flowerlné rates 1n the hummocky |
' meadow were llO% higher ‘than those of the frost b01l meadow.
” and lBS% higher than that of the wet meadow.,Greenhouse
C.-stans. had 14% of its population 1n flower, double ‘the
rate found in the controls ‘ ,}‘ 4 '

In the 1ater and cooler 1972 grOW1ng season, meadow

rflowering levels were '12% hlgher than those in -an earller j



and”milder season such as that in 1971 In"the earlier and
milder 1973 growing season, EIOWering levels of the frost—
boil and wet meadow pOpulatiqns were < 0.1% and < O 6% in
-the hummocky meadow p0pu1ations In the immediate area of
~the former greenho e\(hummcoky meadow) less than O. 8% of
the .plant popUlatiji was flowering This was only slightly‘
‘greater than that found in -non- greenhouse plants. The 1973.
flowering 1evels were less than 4% those found in the .
.previous two seasons. It appeared that the climatic

_conditions prevailing during the grOW1ng season Were not

:-.expressed in the_floweriqg\rates, until the»follow1ng
_ = _ g e g A 4

'\l/ .

season. | ;fﬁ~/' ﬁﬁﬁ

\.

!( : . . R
o lowground Plant Systems ‘ o o
_,‘\;")\; :

',;é

Vasc'lar speqles' tlller den51ties were 1100 stems/m- '

'in the fro‘p~boiL (51te 13) meadow; 1300 stems/m in the

i_wet (51te’l ) meadow - and 2200 stems/m in the hummocky

\
\ ~

(;;ﬁs/l) mead‘w. The belowground tiller comp051t10n of

Cafex stans and C. membranacea are s%ﬂ;n in Table 12.‘
' Table 12. Mean. belowground’tlller system composition’
S "~ (number and %). of Carex stans (n= 9§ in hummock
~and hollow habitats and in combined habitats:

for C. membranacea (n=4) at the hummcoky 1nten51ve

study (site 1) meadow 1971.

S N

Species Habitat Immature Mature Dead  Total . Mea

“tillers tillers tillers plants/ rhigzome

O f B - : , . system length
* . s . ) : - . o i L ‘ . v o R (m%

- Carex stans " Hummock 1(7%) ~ 6(40%) 8(s3%) 15" 11B
- Hollow  3(14%) 5(26%) 12(60%) 20 - 11y
. Total - 4(10%) 11(33%) 20(57%) 35 11k

C. membranacea Total ’5(151).12137%)f15(482): 33 10p

e



96

The overall tiller system composition of both sedge
species was similar Approximately 50% of the system‘s

‘tillers were dead and of the living tillers, 25% were

immature in their development. In Carex stans, the’ portions

of the system inhabiting hollows had 200% more immature

S t}llers on their system and 50% more dead tillers. Hummock7
e

\occv&ying portions of the system had approximately 25%

fewer tillers ‘The 'majority of tillers in Carex stans (70%)

and c. membranacea (654) were clumped tillers and the

i

remainder were spreading tillers. Clumped tillers had 1nter-.
tiller rhizome distances less than 10 mm and spreading \
tillers had distances up to- and greater than 500 mm.
DiscuSSion »

Plant Growth_ .- N

s

The observed 1970 - 1973 variation i? the lowland
‘meadow growing season initiation andhthe associated climatic
conditions, were similar to those observed by Barrett (persE
o \@ml) in the late l960's.,Variability in late- spring and

early summe r cloudicover had an equivalent effect on the

incoming solar radiation and subsequently on the time of

-

snowmelt (Courtin and Labine 1976). The potential meadow
grOWing season ranged from 45 days in a cooler season to :
55 days in a milder seasonA The grow1ng season generally'
began by late June (minimum) and- extended through to mid-"
August (maXimum) Although PorSild (1951) regarded the-

-‘short arctic grOWing season as one of the ma jor .factors

limiting arctic plant growth the meadow species appeared
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a

/-

. / .
e

e

€6 be' well adapted to érow under such conditions. The
lowlend meedow growlng‘season was equivalent to Sérensen's
©(1941) proposed mihimum growth period requigéd hy*a:ctic
'plants. lhe average raised beach communigy growing season |,
of 53 days was almost ideftical to that of the meadows
.(Blise 1975). Iﬂ'the~Low’Arctic, "Tieszen (1972b). reported
the growing season at Bafrow to be 55 days and Aleksandrova
€1961) recorded it as being 60 days in depressional
lmeadow?) areas on Bobshol Lakhbvskajlslahd;'U.S;S.R. Savile
(1972) has considered in detail the various adaptatlohe
.aretic_plahts ahve made to sych e_ehort growing seaeong

The net effect of a short'growing season is to be
observed in the accelerated growth and development of
meadow plants. Only a portion of theraverage 50 day potentlal
growing seaeon was used by the meadow plénts ‘for active

leaf growth Monocots utlllzed only 60 - 80% of the initial

reriod and forbs and Salix arctica only 25 - SDZ of this

- period. The most intensive growth period (late-Jone“to”late;
- July) closely c01nc1ded with high levels of 1ncom1ng
‘radiation. Early grow1ng season:radiation levels were 0.5

‘ ly/min and dropped to 0.2 1y/m1n. by the end of the active
growth perlod (Courtin and Labine 1976). The greater (22%)
1971 sedge tlller leaf increments corresponded-to somewhét
~higher incomlng }adiation'levels than those found in l972.

Incoming’ radlatlon appeared to be a SLgniflcant factor in

'fregulatlng plant growth of meadow spec1es but the exact

mecﬂanlsms of such photoperiodic regulation were not studied.
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Seasonally higher air temp atures also developed

during the course of the growing season but did not show
a close relationship wi plant growth. Canopy air
temparatures were 75% higher in 1971 than in 1972 but leaf
Lincrement was only ZZA greater and productioﬁ'only 5% greater.
The warmer, by an average 7° C, g:eenhqpse canopy temperatures
did result in an}eased sedge tiller: 1) leaf lengths (15%);
1i) leaf areas (30%); and iii) aboveground production (26%).
Significant positive temperatufe changes such as those
experienced in the greenhouses did appear to'influence meadow
plant growth but the mechanisms of this 1ntera;tion were not
studied. ‘ , ;‘

. Sérensen'(1941,1945), Warren Wilson (}957%7 Svatkov
(1961), and Savile (1961, 1972) ¢éQ§§gered temperature té
be. the critical fact&r in regulatihgférctic plént gfowth.
Bliss (1956).found high correlations between arctic plant
growth apq ambient air and soil temperaﬁureé. Soil temﬁéf-
atures have been shown to be important in regulating algine”
plant-dormancy (SpOmér and Salisbu;y 1968) Polunin (1955)
and/Tleszen and Bonde (1967) regarded dlght 1ntens¢ty levels
as belng cr1t1ca1 to arctlc plants Ainhough the duratlon of
the photoperlod in the ArCth is 51mllat to that of the

-—

alpine tundra, arctlc llght 1atgn51t1es are apprOxlmately

50% lower (Tleszen and Bondeti&b7) Mayo et al. (1976)

found Carex stans ‘to be photosynthetlcally-actlve (eXhlblt

posx{lvé net asslmllatlon) over the full 24 hr perlod but to

have con81derably 1ower rates during the 'night period' with

- - . . ' !

¥



its charscteristlc redqpeg light intansdcy levels.

Peak leaﬁ length incrqmant by éarly to: mid-August.
coinclded with peak shooc biomass leveln. A nual growth , .
duratiqn of the meadow plants was"controlle ' by the
time of rost-snowpelt(growch initiation, wit }grawth - LT
ceasing 2 - 5 weeks before the onset of inéleéent weather. j“

The rel;tively "fixed' perio& of growﬁ% thEreféye shifted '
~annually but although the°1972 g%owth reriod goé@enced 100 &

days later thén in L971‘ ic°a150*conc1nued Itsygépwch‘foé

an equivalent'period beyond that found in 1971, Pe C:?ea%:

leaf increhent was less than 3% of the seéson's totgr . e

a
Tieszen (19724) also found that meadow plapts at Barrow

-

‘stopred growing in ‘advance of lnclemgnt cdhditiOns. Tbe .
causes of such grouth stoppage are not understood buto\
decreasing phot0periods, lower temperatures carbohydrake

" and nutr1ent°dep1et10ns may ‘all ‘be impllcated‘ln this \ ' -
development .. An 1ntern;l ‘physiological feedback mechanxsm\ i
(genetxc’W might also be considergd as a p0551b111ty. \
Mosquin (1966) indicated that aEFtlc rlants possessed °
genetlc features which empha51zed uniformity of character

(-1 o

A unﬁibrm seasonal growth pattern cowld be one such genetlc
. e - -Q
expressaon. Such a conservatlve growth strategy woufd 1nsure

<

a greater margin of success in such an- unpredlctable and

< N .
Severe env1ronment as found in ghe ngh Arct&c o

—_—— ’

___Reteation of 10 - 15% of fthe summer's green foliage - s

overwinter, prov1 _méadew. edges w1th the potentlal _ <

© v

-
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%tures,'were con51de gd to be the
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nAlthough the suB Snowsurfacp growth was relatlvely mlnlmal“

7

r

100

' surface foilage lncremeuts developed from thlS overw1nterlgg

—;.'rr‘/

"Ice greenhouses’ formed from ﬁhe 1nteract10n of
»P&gh snow water levels and 1ate sprlng freeze/thaw temper-

51tes of thlS growth

L

3

¢t dld 1nd1caQ€§£Pe hlgh photosynthetlc potentlal of the

overw1nter1ng green tlssue whlch was prlmarlly retalned in

young leaves.

-~

'

o A

Sdrensen (194&) found that 26% of the Greenland plants

~

buds whlch had been formed the. preVLOus seasaqn. . Savxle

(1972) also p01nted out the exten51ve occurence bf

- (

%

'wene w1ntergreen and that they retalned overwxnter leaf

“
<

“
s"!{;,

nver-

PRy

wlnterlng green tlssue in arctlc monocots and 1ts 1mportance

'fto.early.sprlng‘growth Andreev~et al.

(1972) found

Eura51an Carex stans tlllers overw1nter1ng with 23Z.of thelr

"\«

green follage but made no mentlon of. any growth 1n thls

onmponent

Y

Bell (19/3), worklng in alplne tundra, observed

P
CITE

veLopment of mlnlature

Tice greenhouses'

around

Kobre51a'b 11ard11 and found leaf 1ncrement oceurrlng under

/Such conditions. The occurence of sub snoﬁsurfaée_growth in

‘e

arctic plants has also been reported by Kovaklna (1958) and

Aleksandrova (1970b) Thls phenomenon is not’,

‘w10espread eccurence and Tleszen (l972a)

-~

_ foundsno such growth in thelr Low arctlc

ralsed beach

Q}{ummocks,i

5011 environments,

respectlyely,'

communltles.
:&' "‘t}ﬁ.~ \ ‘ :

e

. . ,
Pl
by virtue of -their warmer-

o

increased Carex .stans

-3

»howeVPr,‘of

and Syoboda (1973)

meadow and

oo,

andwhetter
”3::

lowland

dralnedh

Ltlller’igaf“growthx
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‘jlby‘lSZfover that7fonnd invhollow<habitats. c. membranacea

demonstrated a 25/ 1ncrement 1n rts hummockﬂlnhabltlng
tlllers at the frost lel meadow.\The optlmal nature of the
hummo k env1ronment was further evldent from the concen-’
tratlon ot forbs and woody plants in thlS habLtat. Thelr.b

capacxty to deveIOp maxlmum photosynthetlc follage early 1n

i

" the season appeared to glve them an advantage over hummock

‘g..
lnhabrtlng monocots and mlnlmlzed the latterss shadingsl
. e

*'»effect later on, ln the season.'_v‘?.‘g_b‘.'wﬁfflﬁtis

- Carex- stans; g; membranacéa, and Arctagrostls latlfolla

-

‘ »
leaves remalned attatched (llve and dead) for approx1mately

| flve years and then became lncorporated 1nto the lltter.

Erloghorum leaves remalned attatched for ca.'7~years beforef

turhlng over 1nto lltter. Monocoekglller life spans were A
S :

f~est1mated as belng S - 7 years in- thelr duratlon. It was,

not determlned 1f the tllleps belowground system (roots,

rhlzomes) dled at the same: tlme or if 1t was possrbly longer

\.: »

has been reported in arctlc monocots (Shaver and Bllllngs

EL’VECI. SUCIT d. Clud.l ndLureu luugev.u_y UL LTLLUF L—Ulllpullt:llt—b

#

1975) and w1ll be dlscussed in greater detall in- the sectlon

R

- on roots ‘;ft/;a-' S )"_" SRR _ &i ;.f”'f' ’h

Barrow monocots lnltlated 3 - 4 leaves each season,

o

w1th OnPy 1 i 2 expandlng and the remalnder overwlnterlng

(Tleszen 1971) Sérensen (1941) estlmated the llfe span of

":low arctlc Qgrex stans tlllers as belng 5 8 years and

i

Shaver and Bllllngs (1975) estlmated it to be. 4 =7 years

for low arctlc Carex aquatllls. Such.relatlvelyushong«life

- i ) L. . ]



5pa£s foﬁ arctlc sedges would create aqrapld turnover of
aboveground reta&ned nutrlents 2hd addltlonally reJuvenate _!‘- B
";ethe sedge pOpulatlon by allowlng a freqUEnt productLon of o 7
42;new tlllers. This 1atter development is Lndlcated by thee-‘b
hlgh (65 . 704) lnCLdence of t1ller clumplng ln the low— f’ﬁ
- nland meadow sedges.vh L | - ' ‘ o
/ s : .‘ : Flowerlng RO
Meaddw plant ¢0pulatlon flowerlng rates were low

T ff (< 10%) and in forb specres were almost double those of

o

D ;moncots. In the fia orlt of s ec1es, flowerlng levels
T . J y P

changed in accordance w1th the type of growth habltat.

o

Flowerlng in- the adJacent rock outcrop (dwarf shrub heath-“l
ﬁjwmoss) %ommunltles was 200 : 9007 hlgher than 1n the meadowsvl
f"-:f but ‘was. contrlbuted by prlmarlly fbrb and woody Spec1es
‘(BllSS and‘Kerlk 1973).3From a comparatlve @’adow communlty
';wat Barrow 1970 flowerlng levels were approx1mately 7% of

v

the ropulatlon (Dennis and Tleszen 1972) Lowland.meadow_rh’f

e rAugust Thls flowerlng perlod 1s(con51stant w1th that

‘reyorted for meadow spec1es from other arctic” locatlons "L>” o '«
_(Sérensen l94l Aleksandrova 1961”0.53\,11e 1961 Dennls andL
K’;/ldTleszen 1972). ";.. L T - ﬁ

Vegetatlve reproductlon, in- the maJorlty of meadow

-

specres, was more ‘common. and ‘morxe. successful than was floral

jrerroductlon In the lowland meadows successful monocot seed‘
set Was never observed and—the tlme perlod for 1ts occurence

- was marked By extremely poor weather condltlons. Baéed on

. - 'S .

NP 3



Dl

‘*gSérensen 's (1941) and BllSS' (l958) flndlngs of low (< SA)

-'ﬂgermlnatlon rates for arctlc sedge seeds, a floral strategy

b,'the domlnant meadow flora has evolved along the 11nes of

»\'.
Y

i‘for reproductlon would appear to be 1mpract1cal for meadow

'f*lQ3uﬂ'

'spec1es. Shaver and Bllllngs (1975) also reported that Aess_?;,{"'

*

;than half of éhe Caréx aquatllls tlllers they“étudled llved

: to flower In the ngh Arctlc, the meadow growing season is-
'too short to 1nsure that flowerlng w1ll be successful and

e o Q

Tthose capable of vegetatlve reproductlon. ; k

o A number of env1ronmental factors have been 1mplicated
:ln arctic floral reproductlon. Babb (1972) Younkln (1972)

and U%nnls and Tieszen (l??Z).found ‘that- 1ncreased 3011
vfertlllty 1n arctlc meadoWs lncreased flowerlng rates.tj“'
‘psérensen (lQSﬁ) 1nd1cated that 1ncrea8e in avallable

'nutrlents stlmulated greater leaf productlon whlch 1n turn

',;stlmulated greater flowerlng rates. Dennls and T1e52en,;:f:'5."'

(1972) have’ also suggested that 1nsuff1c1ent energx reserve

vlevels (carbohydrates’) mlght be llm;tlng to, floral develop~b v

‘ment. Sav1le (1972) lmpllcated hlgher alr temperatures asi ;t

‘leadlng to - hlgher flowerlng levels and also cbn51dered ghe

o

up0551b111ty that genetlc factors were keeplng flowerlng to
'_a mlnlmum Con31der1ng thé doubllng of flowerlng levels in.
ﬂwghe greenhouse sedges, higher’ (7 C >’) a1r temperatures v»
udld appear ‘to stlmulate flowerlng A temperaturlelowerlng
'p:relatlonshlp -was further suggesued by a comparlson ofoannual

'flowerlng rates The total degree days above zero ln the

earller and warmer 1971 season were 443'and only 137 1n the"

Ny
+



'd cooler 1972 season CorreSpondlng flowerlng levels “5;\_45

v

er flowerlng rates.~,~.17”

iflowering’%EVéls are:

“jseason's growth

would have sugg%sted considerably hig:

~

'jﬂIt would appear that any one/season s

y a 51gn1ﬁ1cant role

'fin ChlS development. Sdr nsen (1941) rad prev1ously shown

"temperature reglmes may ‘ave béen 1nsufficrent for proper el T

;7fpf1;ral pr1mord1a1 deOeIOp ent and limlted the degree of;xf
'jflo er;Aq , ‘ h‘he exact mechanlsms 1n thlS relationship

}f_are not known but carbohydrate levels mxght be con51d%fed to
qﬁplay a prOanent role.,jﬁ‘{_.‘~ : .4' a S AR - :
' ' ' BelowgroundoPlant Systems

Meadow plant den51t1es ranglng from 1100 - 2200 stems/m2

Qwere comparable to the 1900 stems/m .reported for a sedge-hf

'q‘totton grass meaoow I the bov1et Polar UraIs (Smlrnov and L
Tokmakova (1972) Meadow stem denSLtles at Barrow were 120 -f

'33SA hlgher than those of the lowland meadows (Dennis and

0

¢‘T1eszen 1972) Al hough no quangztatlve data were: collected

v

*plant den51t1es Yol the hummocks were ca. lOOA greater than f

' 'those i hollows.“v -~v',‘f L ,_f,’ : H’} “f o _?‘.:ﬁ:'
. Inm belowgrounngedgeltlller systems, llve and dead B

almost equal A 257 1mmature tlller

"tlller dlstrlbutlon wa

=}

component Ln hese sy tems suggested that a. t111er s llfe g’?-‘f‘



e tlller off"the dylng shoot.-Locallzed concentratlons of tlllers

1ﬁf.wou1d result 1n a greater conServatlon of energy and a hlgher

‘ fgeff§c1ency ln translocating such energy from the maturest

;F{synthetlcally actlve 1mmature tlllers. A11e551o and Tleszen

:};;(1973) found that 1n DUpOﬂtla flsherl, daughter tlllers had

R

:l(PhotosYnthetlcaII) most act1ve°) tlllers to the 1ess photo—.?*“?nﬁ'@

e,

dmore translocated carbphydrates than dld the older tlllers

Hiththh produced them bhaver and Blllxngs (1975) also found

'hrhﬁthat the rhlzomes and roots ‘of dead Carex aquatllis tlllers

s

f.:llved l‘- 4 years beyond the deaths of thelr shoot& They

"n’contlnued to supply nutrlents and=water to the poorly rooted

'fyOung clumped tlllers Env1ronmental (hummock/hollow)

'lnfluence on tlllerlng was most ObVTOHQLinerhe,meatJ“ %%lers"1

hf;Hummock habltats had ZOA more mature tlllers but the hollows;ff?

v

rhad 200/ more 1mmature tlllers. Thls mlght suggest that the‘;f

'dcooler and wetter hollow 501ls retarded tlller deve10pment.:f

MEADOW BIDMASS AND NET PRODUCTION ’
Prlor to thexlnltlatlon (1970) of the Internat10na1

.iBlologlcal Program s C1rcumpolar Tundra Blome studles, data':
.
'on arctlc plant bxomass and productlon were llmlted The_ :

'_avallable studles (BllSS 1956 Shanks as c1ted by Bllss l962a,

b
. . . L o -
HIE . B o

,'\~ - ' v



jf?Dennis and Johugon 1970) were prlmarlly from low arctﬂ

;commuritles. Comparable Russian 1nVest1gat10ns provided

L community blomass data but had little to no’ 1nformation on

©

Of the IBP Tundra Blome S

Standlng crOp and production d?ta for vascular plants were

collected OVer a 2 - 4 season ﬂnterval An 1owland sedge--

Jf‘\moss meadows (reported here), in rock outcrOp (dwarf shrub-'“?ﬁ‘"

:‘heath moss)communltﬂes(Bllss et al.} 1976), and 1n ralsed
Ahiibeach (cushlon plant) communltles (Svoboda 1976). o

' Aboveground and belowground vascular glant stand;hg'f

“V;nfroduction (Lavrenko et al._l955 Aleksandrova 1958 l970a;”d“
1970’0 !\hodachek 1969) LA R N e
Ludles (Heal 1971), the Devon -

7:cr0p ‘and’ net prodcutlon estlmates were taken at:a-huﬁmocky~”

‘iilnten51ve (51te l) study meadow over four (1970;3 1973)

b'_consecutlve seasons and for threg (1971 1973)‘consecut1ve

lsland program was the only representatlve“hlgh arctic study.,-f”

«eseasons at ‘a’ frost bOll (51te 13) and wgt (51te 18) meadow.}sol;.

. _'In 1.971 three extenslvg hummoCky (sxtes & 7 10) meadow

"*nbéasonal leaf length lncrement data prov1ded a correctlon

- .

&stands were StUdIEd for blomass content and productlon.

”’factor for pre peak season dleback and post peak season
vgrowth and allowed for a reflnement of seas0nal productlon
festlmates. SR e L | 4 SR ‘

Dlﬁferent 1nterpretatlons of ba51c termlnology can

‘f‘often lead to lnaccurate comparlsons or mLSLnterpretat}ons .

/- /-
of blomass and- productlon data. To m1n1m12e thxs the/more
i .
L ] v
;common terms/ased in the folIOW1ng sectlons have been



dellned as tollows

g

Abovengund biomass/standigg crog, thentotal weight

w

-

'lof both 11ving and dead attatched vascular plant parts” T /Q'
(exclfdlng‘plant roots and rhlzomes) in the identlflable |

"er overlylng the more humifled organlc soxl

2. Belowground biomass/standlgg crop the welght of all

-_vascular,plant rhizomespand roots found WLthln_the;dead moss
“and 501l.ﬁ_”fa SR

':l_~3. Blomass or standin;>crop used 1nterchangeably to:

)
!

Fdeflne total (llve and dead) vascular plant welght fron A
>:1def1ned unlt area of the commumlty at a partlcular t1me of
( the year. biuﬁf:i' jui 1‘:>‘?h‘r'n 4:I - |

| 4 Harvest' the phy51cal removal by Cllpplng, of all

Vvasculal plant materlal from a deflned unit area of meadow;_

lat a partlcular tlme in the grow1ng season.“d

'f f“-f' 5. Net productlon._the measureable portlon of gross'

’-jfproductlon not tran5p1red or translocated and avallable for :
S conaumﬁﬁaon.'u*:

'3"'*<§f1:6 Prlmary groductlon. the'measured 1ncrease‘1n vascular;_}

plant blomass/standlng ‘crop oyer a perlod of tlme,'lnclu51ve
F4 K . ;

of any losses sustalned durln thlS 1nterva1

N

7..Product1v1ty the rate of vascular plant productlon

per unlt tlme of the grOW1ng season.~.,t : . _Q"‘v"fh_ T

‘: 8. bod tlght mat of ea51ly separated moss materlal

vascular plant stem bases, rhlzomes, and roots, lylng close

<urface but above or on the 501D prOper.”l '~‘\§'5

\




'}Methods:, o | nﬁr-i"f.iﬁ |
L e Aboveéround

,Estlmates of . meadow vascular plant standlng crOps and
productlon were based on the harvest method (Mllner and
Hughes 1970)t The studies were conducted ‘over 1 - 4 seasons
%1970 - 1973) and 1nvolved from 1 - 6 dlfferent meadows
(Table 13) Sestak and Jarv1s (1971) found the harvest
'tmethod compared to other avallable methods,/the best»for
.afollowlng gr0wth and productlon rates in natural vegetatlon
.bample sxze of harvested materlal was’ 20 X 20 dm 1n 1970
idand 20 X 50 cm ln all other years. | ' e
hw{ Harvestlng at the hummocky 1ntenS1ve study (51te l)
meadow (Flg 25) was carrled out in randomly selected and
7seasonally retalned 5 X 5 meter plots. The outermost two

uperlpheral rows of staked plots were used for such destruc—

'tlve sampllng and the central unstaked portlon of the

'-fmeadow was used as ‘a control In the exten51ve meadow stands s

i.randomly located samples (3/plot) were harvested in a palr

-

.."UI FCaKeCT q )\v_B meter plOtS

.For each-sample harvested ,all vascular plant materlal

babove the moss surface was cllpped and collected Stem base,;,

rhlzome,'and root blomass data were obtalned from- trlpllcatef
,20 X 20 cm sod block (10 cm-. depth) collected ‘on each harves‘>
AIdate 1n conJunctlon w1th aboveground samollng All the O
collected blomass was sorted by spec1es lnto 1ts morpho~i‘
lOglC&l components (Flg 26) The sorted materlal was oven
"{drled (85° ¢- for 24 hﬁ) prlor to belng welghed (O l gram~'

Sae
ekt '3 .

—\



.109 o

L

* intehsive study meadow . _ »
© Rarvest ‘tmaken at tlme GorreSpondIng to peak season =

August 9.

-

‘ ‘ N "_‘. '. . N . . . . : /‘>
‘Table 13. '_Lowland sedge moss meadow stands sampled (harvesl; "‘/'-
- and sample number) for seasonal aboveground and .
belowground primaﬂy production 1970 - 1973.< /
Meadow Site - Season ‘ Aboveground Belowground g
- . T Harvest Samples . Harvest Sanples
Hummocky 1% 1970. 5 16 . 5 16
o ( . - 1971 .6 10 5 3
“ ° -1972 6% . - 10 6 6 .
: L 1973%% 1) .10 3 6 a
Hummocky' 4 1971 4 6 4 3
Hummocky . 7 . 1971 - 4, 6 4 3
Hummocky =~ 107~ - 1971 4 6 4 3
-Frost-boil" 13 1971 5.0 6 5 .3
o . SRR 1972 - 4 6. 5 6
| 1973%%. . 1 6. 1 3
Wet 18 © 1971 5 6 5. 3
ST S 192 4 6 . S i
o T 13



Figure 25.

3

The hummocky intensive study (site 1) meadow
studied as a representative lowland meadow

stand by all disciplines. Meteorological station,
in background. - : ' N
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i

acouraCy. Cneenhouse biomass ar.d production studies were

restrtcted to ‘the aboveground component and were based on
a. single harvest (August 18, 1972) consisting of duplicate
20 X 20 qm samples from .each of the’ two Eield ‘8reenhouses.

Monocot pre- peak season dieffagk and post- peak season
yrowth estimates were. based on leaf increment data. These
talculations were used to adjust' the monocot peak season
aboveground -green biomass data, No sutg correction factors
were necessary for forb or woody species.

Belowground ‘

Estimates of belowground vascular'root and rhizom:
standing cngps_and/productlon were also based on the
harvest method. Sampling extended for 1 - 3 consecutive
seasons (Table 13) ahd the root biomass and production

estlmates based on elther sod block (1971) or core (1970,

'1972//1973) sampLes In 1970 core samples (6 cm diameter)

were taken in con junction with aboveground sampllng «An

1972 and 1973, the core samples were coriected from a 4. X .. _

.- 112

8 mese%—ﬂtaLcd pt t*OUCS1de the aboveground sampllng plots.
The above sampllng, done on a weekly basis, was not

synchronous with the aboveground sampllng but c01nc1ded

’closely for the maJor harvestlng dates. In 1971, the sod

block samples (n=3) were collected at the time of the above -

ground sampling, All root cores were taken to the depth of

10 cm; "a depth Wthh 1ncluded the vascular plant stem bases,x

rhizomes, and a portion of the rootlng biomass. In 1972,

\



Yo " o ‘ B B 113
O 0

and 1973, root cores were separately coliecced £ om: hummocl’

-and hollow habitats at the intensive hummocky study (site 1)

meadow and che frost~boil ,(slte 13') meadow. .8
Monocot rootb and rhizomes as well as forb and woody
plant roots were easily remdoved from the sodr;Tock samples..
Root cores were handled in a similar way Tpe remaining
material froaﬁboth of these samples was then washed dn
water to collect tﬁe‘ffner'rootf and the wash water foifher
screened (4 mm mesh)to iﬁsure maximum collection of*root-

material . For the August (1973) root core sampLes, eaqﬁ 25D

[+

.cm core was carefully divlded inta 5 cm segmentscand the

roots collected as above. o 'o . E‘;o-
Subsamples (< 0.1 g oven dry weight) of washed roots
were taken from each of the 1972 and 1973 root cores for
live:dead root analyses. Each subsample was v1sua11y sorted
into live (turgid, white/tan) and dead (flaacid Brown/ f;
black) components as had been done, by Denn19~(1968) ,i-

Ver1f1cat1on of the method's accuraCy was’ undextaken by

means of--a- hlstochemlcal teIrazaJan Dh]erfdnanﬁ

0.1 M phdsphate buffer (pH 7.4); 0. 1M sodlum succfsixe,

" (live) root condltlon .5

test (Jensbh 1962) Sorted 11ve and dead roots were .

g Bt
!

immersed for a ?4 hr period in a selutiom of equai‘i~%'€r
A

and 1 mg/1l solution-of tékrazollum chlorlde. Plnk c %Oratlon'
i
of the tfoot! s vascular tissue  (high metebolxc activity),.

°

revealed under a stereo mlcroscope, lndicated a viable
0 5 o !

'y
-

An 'ip 51tg bstudyeokaaFeé.sEans.tilgen’root growth"
o o) . T K o . S

[

S

~
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Y

T,

s

iy

. attatched roots 1dent1faed (graWLngs) and measured the -

e A

- 9, .- 'V-,",

T ;" . F’ wt
¥ -

(srte 1) meadow.

/
w1th thelr frozen Spll On July 4 Tﬁe plants were thawed

outin the laboratory, removed from the sell and thELT‘

e

roots covered (marked) w1th powdered charceal, ‘and the

“
- -

tlllers transplanted 1n plastlc perforated pots back in

o

: the orlglnal excaVatlon pltS. The tlllers were re excavated

A . - \-.‘

at the estlmated peak of the aboveground growxng season

) Yonm

(August 14) and the roots (orlglnal elongated, and new)--l
measuxed,-clxpped and sorted as .to orlgln, and ovgn dr1ed
at 85° C for 24 hr prlor to welghlng L By '_7€5-

Aboveground Productlon Estlmates Vow

B

L :mhnIhe relatlvely‘homogeneous meadow plant_cover, unllke.

7

that of ralsed beach and rock outcrop communltles, permltted

1; calculatlon of aboveground productlon on” the ba51s of Tl

9,

dlfference measurements ‘of green and non green tlssues. Net

.
. .

- - R

}roduc lon wastcalculateZ separately for each plant group - .

-

e

T

wa's quantltatlvely 1ncreased by°correct1ng tor pre peak
- " @ ~ .
season dleback and post peak season growth ThlS was

'3

equlvalent to 1ncrements of 1. 8 ln ‘the trost b01l (51te 13)

meadow blomass, 6 4mxln €he hummocky (51te l) meadow blomass,

and lZA in ‘the’ wet (sxte 18) meadow blomass. Inter seasonal .

varlatlon-an thlS correctlon factor was’ less than 64. No -

@ - . \-\"‘\

blomass correctlons\we\e~found to be necessary for forbs or

- L

"woody plants. The 1973 51ngle~peak season harvesg data were

A

e RN EVAR

-\ L
monocots, forbs,- and woo y plants. Peak green monotot blomass



2

: iy e : ‘ e - . C |
used to, calculate productlon on a comparatlve blomass.t e e

productlon ratlo ba31s WLth the 1971 blomass data.-Both

“

the 1971 and 1973 grow1ng seasons ‘were SLmllar and net

gproductlon, based on the avallable standlng crop, wasAalso

con31dered to be 51m11ar. ; S "i ; v.,'g." R
‘n/-"ng'-A BelOWground Productlon Estlmates e _ _,_f\ o

”,

Monocot rhlzomes as- well ‘as forb and woody plant roots‘

Were concentrated ln the-upper'S cm of the sorl/moss layer ‘

——

~and were readlly collected from the'sod-block~samples. Net

BN et e

productlon estlmates of these plantloompon nts Qerefbased}

: a dlfference measurements of thelr total’ (llve and dead)

blomass.’_’ﬁ,";w. . S LR R S T T

K

‘ Monocot root productlon was. conSLderably more dlffl‘
cult to estlmate because af ‘the deeper dlstrlbutlon (= 25

cm) of. the roots and the contlnued thaw1ng of ‘the SOll over

-

i?e grow1ng season Total root collectlons were made from ;

o - ©

- the cores taken at each harvest but therr dlfferent depths

K
d1d not allow calculatlon of productlon based on welght \Q =

dlfterences. A statlstlcal approach to calculatlng root
_productlon was used in order to get around this dlfrlculty.
y -

A llnear regreSSlon was carrled out on the 'SOundest’ SR

iséasonal total belowground blomass data. The July 22

"'through to August 22 kl972) belowground -data - for the hummocky

1ntensrve study (51te l) meadow were used becau%e they were

-

collected on a weekly ba51s, a. relatlvely unlform (18 : 23 ‘ ‘ﬁgy

‘;cm) thaw depth prevalled over the sa pllng perlod, and an: o

7estlmate ofvthe vertlcal root_dlstr utlpn 1n the;meadow was

. : s 5



o -use. Total belowground prodcutron was ‘on monocot root and

, / : ~ R . S
. avallable.‘All sample data used were extended or reduced tOv/f

116

e . .oa

n'f_a uniform 20 cm depth from extrapolatlons based on the

[N

‘vertlcal root dlstrlbutlon pattern All calculatlons were

made on a separate ba51s for hummock and hollow habltats ﬂ\H

and total meadow productlog based on’ the meadow area cover:'_

' age by each sp;c1frc habltat.v' | o “
E[’ Computed seasonal monocot net root productlon (80%
eonfldence llmlts) was 5. 10+6 O3%_of the lnltlal total

::root standing crop. Belowground productlon beneath fhe

| hummocks was 5.3%6.0% (y=6.557 + o Ollx) and “. 8+6. 32%“,'§3

S (V 3 387 + 0. OOSx) beneath the hollows. 'fl;;,"'_ : 'l,,flgi

" An aboveground ( grEen + non greea) belowground monoc?t

- net productlon ratlo of l 2. 73 was. calculated for the_fl?r

hummcoky 1ntensawe study (51te 1) meadow. Thrs ratlo was

used in estlmatlng monocot root productlon Ln other sedge- ”td"

" moSsS. meadows from whlch blomass data were avallablem The
overall 51mrlar1ty of inter- meadovalant growth suggested

that thls\was the most accurate and praqtlcal approach to-

.b‘ B . ) L K

°

R ~ - L
"rhlzome productlon plus forb and woody plant root productlon.‘

o -

' The" statl tlcally calculated belowground monocot root

productlon(

o : B a,

w 1ch formed a. large- ortion of the total root:l:
*productlon, was potentlally an uggkrestlmate. It dld not ~’;~
_take 1nto acc\\nt pre- :and post sampllng perlod growth nor. .jf;
d1d 1t account fbr\root growth below the:sampled depths.,r

— :

These two ﬁactors were notl 'idered-to alter the productlon

estlmates 51gn1f1cantly 51nce the low. st

° R

-temperatuges_eafly



- o

n. -

and late in the season were not cons1dered to be conducxve

to any substantlal amount of" noot growth. o ':e'» jﬁ.{
Results 33,1. o ;avvl.AF:: : n :-,i;“. _y.uiv}.ﬂ{_
Aboveground o

In each of the productlon sampled meadow stands,:wlth
the exceptlon of the wet (31te 18) meadow monocots made"
up approximately 85% of the blomass, woody planms 10%, and '}th“
*ferbs the- remalnlng 5% ﬁIn the wet meadow .monocots prov1ded o
..;approximately 95% of the totaI blﬁﬁass and forbs the rema1n1ng ~:;
‘JS%..The short grow1ng season vaveraging 50 days, made peak ‘;;;l

blomass developmeng tlmes occur relatlvely\synchronously in L

all three plant groups..In 11m1ted satuatlons where there

’was suggestlon of asynchronou&5development peaks, forb and

"1"woody plant blomass peaks were only a week or, so earller than

those 1n monocots.pAverage early (late June - early July), L g
K ?

l~m1d (late July),_and late (early - mld-August) season standlng

-

- crops for each ma]or meadow type are shown in Flgure 27.

l. lee blomass »* o

> o

- - @ . -

Seasonal 1ncrement in the green blomass showed - a llnear

R .
@, RV

deVelOpment in all ‘the meadow stands sampled and peak blomaSSV“.

levels occurred by early (mlld season) to m1d (cool season) L

PO
- «..A -

-

) Augusta The lowest average early season green blomass content

- was. ﬁound in “the wet (51te 18) meadow (7 g/mz) and the hlgheq

-was found 1n the hummocky meadows (12 g/m The hlgher levels =

7iv5 in the hummocky meadows.was prlmarlly the ‘result of earllerfvh-‘
"orowth lnltlathﬂ in the plateau base” hummocky (51te lO) VF

;meadow,vPre-snowmelt_lowland_meadOWa%reengbremass‘content p; o
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‘d‘averaged 5. 9 g/m2 and ranged from 4 3 t 7 9 g/m Monocots fg-fh”

fcontrlbuted 857 of the total and forbs the remalnlng ISA
U?iUnder a l1ght snowcover in early September, green tlssue
H;content of the meadow standing crOp was 8 5 g/m2~at the.}f
hdhummocky 1nten51ve study (51te 1) meadow.uThls was roughLy'
:d25% of. the peak season green blomass content and stLll 45%d:-“2u
.Lgreater than that found prlor to snowmelt..i
‘ | Non green tissue lncrement was 1ess pronounced in 1ts}i_
‘idevelopment and’ in the frost boil (51te 13) and hummocky
fi(sz&es 4 7 10) meadows actually showed a m1d season drOp.
I;Early season green non green tlssue ratlos ranged from a
élow of 1 2. 2 in the frost b01l (site 13) and exten51ve
fhummocky (51tes 4 7 10) meadows to a’ hlgh of l 4 6 1n the
h:hummocky 1ntensive study (51te l) and wet (81te 18) meadow,j
“n.By the peak of the season, these ratlos had dropped con51der-'

"ably and the maxlmum levet”of l 1 4 was found 1n the hummocky

” -

jilnten51ve study (51te l) meadow In all the meadpws sampled

\season to season varlablllty 1n peak 11ve aboveground BlomassA
was sllghtly less ‘than lO%.(Table 14) |

"2{ Dead blomass.glg;,}f

‘u'

’ At the beglnnlng of - the grow1ng season lltter averaged
.26% of the total aboveground (moss surface) dead vascular

' LpLant standlng crOp.-By season s end 1ts contrlbutlon had

dropped to, an average of 14%. Peak meadow lltter levels were'W"f'

. . (>4
‘l‘found 1mmed1ate1y after snowmelt and- were con51derably lower o
. Ly

‘iv(54%) by season s end Theohlghest average meadow lxtter

o

fvcdntent was measured at. the’ lnten31ve study (sxte 1) meadow
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ivlth a 11tter content of 12 g/m and the 1owest in the wet

va”(s1te 18) meadow with 6 g/m . The ftost ~boil: (51te 13) :

'iﬂitmeadow with only half of its surface area heav11y vegetated

-fedhad,agshrp 151ng1y high litter content of 11 g/m '

. ikttatched aboveground dead shoot blomass showed a
.‘welghtwdeclinéfov;:“a portlon or the entlre 1nterle of ‘the

- grow1ng season Ihe wet meadod possessed the hlghest (40 g/m )t
'early season dead shoet standing crOp and the frost b01l

meadow the 1owest (33 g/mz) At the end of the season the

“.hlghest (42 g/m ) standlng crbps were 1n the hummocky
'“,inten51ve study m‘adow and the lowest (31 g/mz) 1n thef»ﬁ
kextensive pummock, (sites 4,7, 10) meadows. ‘By early September_d“
,theSe had 1ncreasvd by another 40% at. the hUmmocky lnten51ve
?study meadow." - e ' '
| | Moss retalnedeead stem base mater1al of vascularN:; -
plants, was 20 - léO% greater than the total abOVeground
(lltter and . dead shfots) dead standing cr0p in the. earlyf
f part ot the season and increased to 55 270/ by the peak
‘rf the season. In. all the meadow stands, W1th the exceptlon:jv
'Av' of the frost boxl meadow dead stem base tlssue levelsif L
lncreased sllghtly Stem base materlal was: stlll"tech-
‘nically ‘con51dered to be aboveground blomass and was added
‘to the dead quot and lltter standlng crops to calculate the
-jtotal aboveground dead standlng crop._It ranged from an
average hlgh of 197 g/m at the hummocky lntenslve study
a_meadow to a’ 1ow of 113 g/m at the frost b011 meadow

*f_,Annual varlatlon in: ChlS aboveground component was less



-

than 15%. o

3 Lowlandmmeadow blomass

On . g seasonal - (1971) comparison (Flg 28) the hummocky
'inrensive study (51te 1) meadow maintalned the nghest non4.

"green (55 g/mz), dead’ stem base (144 g/mz), dead shoot (35b

Loe

sg/mz), and litter (12 g/m ) standlng crops. The plateau-
."base hummocky (site lO) meadow contalned>the hlghest green l‘
vetissue biomass (50 g/mz) but also possessed the lowest'non—
 green (24 g/m )5 dead ‘stem base (60 g/mz), and dead shoot
;(28 g/mz) blomass levels.rlhe lowest green tlssue levels
*were found in the. frost b01l (51te 13) meadow (29 d'mz
{and the lowest lltter levels ;n the wet: (sxte 18) meadow
5(6 g/mz) Early seaSOn total aboveground standlng crOp was
<h1ghest in the hummocky 1ntensxve study meadow (275 g/mz)

.and was 1owest in the . frost b011 meadow (151 g/m )

'Correspondlng pea& season standlng crops were 285 and 162

B Jg/m reSpectlvely Standlng crop dlfferences between the

‘lowland hummocky'meadows (S1tes l 4 7 10) were less than

“lOk; .On aocomparatlve meadow communlty Gype ba81s, hummocky
i ;.meadow standlng crOps were lO = 8?4 greater than those of N
the frost: boil meadow and 15 - 3OA greater than those of the
swet meadow. The wet meadow had a/ss% hlgher bromass content )
._than dld the. frost b01l meadow..Slmllar earLy season llve: |
jdead ratlos (1 3. 3 average) were found in all the meadows'

.fbut had drOpped to an average of l 1. 9 by geak season.

_' T o 4 Net - productlon.

Average seasonal aboveground net productlon and nee-lv

- o
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o

“.‘prOdUCthiCy of the three meadow community types is
Afpresented in\Iable 15. ' The actualﬂse;sonal (1970 -~1973)
data for each meadow sampled is presented in’ Tables. 16, '}7,
18, and. 19. | | . |
A | In the frost- boil meadow (sxte 13) -70% of the above~
"_ground productf§§bwas by monocots, 25% by - woody plants, and
5% by fon?s. CorreSpondlng contributions in the hummocky o
méadows were 70; -20; and lOA,»respectlvely In the wet (51te
\f*\\lkj meadow over 95% of the productlon was by monocots and
the rem’Lnxng 5% by ﬁorbs. In the frost-boil (51te 13) and ’

hummocky ln'ensive study (sxte l) meadow over ca. 754 of

.. the- total above ound productlon was in green plant materlalf

;& | ;wlth a correspondln _5/ in the wet (81te 18).meadow S

fMeadow productlon peaked by early to mld August. T
| The wet: meadow was the most productlve (4510, 5 g/mz)

.1owland meadow and the frost b011 (51te 13) meadow the least.

—

've (28+114 g/mz) Productlon in’ the hummocky 1nten-v

ds1ve study meadow ranged from a low of. 42 g/m in 1970 to
a hlgh of 47 g/m in 1972 Correspondlng maxima at thee‘

frost -boil. -arvd wet meadow were 30 ancla6 g/m 7 respectlvely,

and mlnlma were 25 ‘and 45 g/m ,respe 1vely

" Producttén (1971) in’ the hummocky 1nten51ve study*(sitei3'
A

RN meadow was. approx1mately 25% hlgher than in the exten51ve
'.hummocky (81te 4 7 10) meadows. The coastal’ hummocky (51te

17) meadoﬁ*had an annual productlon (30 g/mz) Whlch Was -30 -

+«

-35/ less thap that found in. any of the‘other hummOCky

"Imeadows (Flg. 29) The wet- meadow had the hlghest green
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;% tlSSUE productlon (Alag/mz) and the'hummocky lnten51ve study
o meadow the highest non green tlssue productlon (13 g/m )’

,.1,1-: - o b !
' Oa the ba515 of a totally vegetated meadow surface_» ey ﬁ&
\ L

'.area,.aboveground prodﬂction in the frost boil meadow would '_'-L‘ "
have been : ‘on the order of 54 g/m It lS more llkely that o
the actudl productlon would more closely approxlmaté an . 7W;

"‘average production (42 g/mz) “of a hummocky meadow : |

] Greenhouse productxon data indlcated ‘a 264 1ncrease
in aboveground productlon over that fgund 1n the controls
Mean annual abovéground productlon in the lowland “:ﬁ:A R

-‘meadows had an annual varlatxgn of less than SA, Wlth o

varLatmon in; the monocot component belng ca. lOA and ca

wi 20/ in the forbs and woody plants. At the hummcoky 1nten51ve

- study (51te l) meadow ahoveground productlon was only lO?
hlgher in an earller and mllder -séason (1971) than in a ?Fll; . f\hl

N Ve

e *r and c001er (l970 l972) Sedsomn. The reverse trend was,
§f

d in the frost boxl meadow and productlon remalned "'g .
: talrl\ con51stant from year to year ‘in” the.yet meadow., lg’?
”oj_, Aboveground prOdUCthlty (g/mz/day) over the course Qf;

the potentlal growxng season prov1ded a more accurate° o
lndlcatlon of seasonal plant growth The potent1a1 growlng:_;éf'

l season was taken from the t1me of’ leaf growth 1n1t1atlon

Q

(late June, earlv July) to’ the tlme of SO? leaf senescence 1

(mid~August) Correctlon factors were 1ncluded for pre-i?‘f;:j

RUFITERCIE

...‘. .- Lo R ._0

. peak dleback and ;ost peak growth __
. The\hlghest average productlvrty was found Ln the wet :;ff
J -

meadow (O 88+® l g/mz/dav) and the lowest was 1n the frost-’“



b011 neadow (0 54+O 1 g[mz/day) Mean annual product1v1ty

" of the hummooky inten51ve study meadow was 0. 87+O l g/mz/

day and ranged from a low of O 85 g/mz/day in. 1970 and 1971'y*v1:

iw

-« .

' dOWn Varlatlon nevertheless was ‘on the order of 20--‘30%

- unxtormlty 1n meadow vegetatlon cover, contrlbutlon of the _i

. monocots, and concentra ion- of the rootlng zone ‘in. the upper‘,f

g as compared to the lO - 15% found for aboveground samples...t

-

' 23 cm ot the 5011 proflle, helped to keep samplt varlablllty

(Table 20) - R AN 5

to a high of 0.99- g/mz/day in: 1972 Correspondlng data for R
the frost b011 and wet meadow were mlnlma of O 46 and a. 82
g/mb/day, respectlvely, and maxima of 0 67 and 0.99. g/mz/.
day, respectlvely Interestingly enough aboveground produc— :;d; s

tion ‘was highest 1n 3! later and cooler season (1972) When 55f-'

v‘the potential growth perlod was 10 days shorter than that?v-

in an earller ano mllder season. In 1972, product1v1ty was'; B

f' ca*~204 higher in the hummocky and wet meadow and ca. 4OA.W

j*r

higher in the ﬁfost b01l meadow ;:f

Belowground 1“n:' »

-:;f f 1 Comp051tron and _&strlbution.'“'
Determ1nat1on of belowground standlng crops was more

diffroult than estlmating aboveground blomass An overall,bnj

oa EY

maJor portlon of the root blomass bv one plant group r. ‘fff \;f:

In the hummocky 1nten81ve study (smte l) meadow 85 of

the belowground blomass .was. in the upper 20 cm of the 5011



e
Sl

’dfabléfﬁQ: Vertical root ‘biomass (g/mz) dlstrlbutlon (4) PR

.and standard error (*) under hollew, hummock, R
.and. combined habitats in the hummocky intensive . * .-

'qf;, study (site 1) meadpw August 1973 (n—18).t_\,. "._;;\.;ﬂ

f.‘sample Depth
. C m .

Meqdow Habitat

Hollow"

Hummock f;“

 Combined.

13. 8+5 9

‘-;3;9§§;a Lo

1.13Q8i511;

',Moss (o - 5) ) 35;911;71d‘ 4, 2+1 37 :i Sfiiagaﬁfi"
Sl (5 <. 10) j{ségsis;sj,,’gaz s#2.1 - 31.5¥3.8 .
"l(lQ_E.lh) 3,»275343~0f9».129 045.1 - 4{h_28;gj@.2fg:}:iﬂfa?

1(15'?:295:;7d22 4+3 8f?2v520ﬂ4i3,8h1’x '721§4i452}“’

A moL the belowground blomass was c'ntrlbuted by monfcots, 14

':.<."20:~ :--'2'15-)- = o B B
cEe » Y V““ '." o 3 t - > @ o “ ' ‘ . - n - K ‘ » R
;fVertlcal root distrlbution-dld not differ 51gn1f1cantly oo T

,funder the hummock and “hollow habltats.vFo:b and . woody plant

- -~

‘hnggts, as well as monocot rhlzomes1 Were concentrated in tge ”ii‘
‘ fupper 5 cm of the moss/ 5011 layer. The vertlcal dlstrlbu—"h

Ttmon of roots ‘in the hummocky meadow was con31dered to be

1representat ve of dlstrlbutlons in- the pther two meadow j'wﬁ
'communltv‘_/d)1 ' R S ‘

vpes.“-.'3 S

4 Hummock root blomass at both the hummocky (sxte 1) and“;d_5';3q
:”frost boil (51te 13) meadomr%ms SO and 357 hlgher,‘reSpec-ﬁtah'
':tlvely, than hollow root standlng crops. In the frost b011'

'1“meadow root blomass beneath the heav1lv vegetated areas of~dﬂhfﬁf

_the meadow was 400% greater than that found ln the frost—f.n‘

. ‘9

'bOLls Ali meadow root blomass estlmates were made on a

g:geomblned mlcrohabltat ba51s, calculated on the prOportlonal ?}ﬁjg@w

h'surtace area cover by each m1 hablfat

At the hummocky and tros -b011 meadow approxxmately 96/ d.;:l

@ cL Tt
o - . & . LT - . -
SR S



by woody plants, and lA by forbs. At the wet meadow :monocots

"{‘ developed 997 of the belowground blomass and forbs the-

- remalnlng IA. Rhlzomes, 1n eaeh of the meadows,‘constltuted
:5-less than 5% of the total belowground biomass.» | | o
' Vlsual sortlng of the monocot roots 1nto llve and dead bl
’j;components was hlstochemically ﬂroven toobe accurate for ‘
‘the llve componend but 1naccurate in the dead compdnent. Of'
the roots 1dent1f%ed as being dead 15+2 3% were tested asl
belng VLable (llve) The approprlate correctlon factor was d
applued to all the dlvided root samples The resultlng |
'é'seasonal llve dead MOnocot root ratio was 527 11ve 48% dead.;”}”
| ”ﬁThe llve dead root ratlos remalned fairly constant both 5fi.&
.~1ntra- and 1nter seasonally (Flg 30) » - ‘ -
| : iﬁf Blomass.
Average peak season belowground standlng croos weretqﬁ :
" h1ghest Ain the hummocky 1nten51ve study (sxte 1) meadow
”i (2034+74 3) and lowest in® the frost boxl (s1te 13) meadow
d1(65l+24 3 g/mz) (Flg. 31) The wet (sxte l8) meadow below—-

. , R
ground blomassnaveraged 1367+72 7 g/m . L1v1ng plant R

P AT
P

materlal ‘made up 557 of the total blomass Of the rhlzomé

-

'materlal llve rh‘zomes were 225 515/ higher in. thelr

.contrlbutlon than were dead rhxzomes Rhlzome 1ncrement was 13%57;f;~

‘3 beasonal belowground blomass 1ncrement, as shown by

7.'the 1972 data correSponded to seasonal 5011 thaw deveIOp-h,Lhim"“”

"f ment (Flg 32) Ma\lmum blomass levels were tound by mld--i- 57
:Au5ust when 5011 thaw was deepest. | d . -
”;ﬁAJ, On a seasonal (1971) compaflson the hummocky meadows‘fh

S : o R

EVRRE
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15
Iulv

Fi gu re. 30 .

N oo :

2 - 29
(1972)

August

the total .

AugusL
(L973)

- Seasonal monocot l1ve rooL b;omasa (% )
compdncnt of

mondcot root

-.biomass’ (hummocky Lntenslve sLudv (SLLG

meddow) 1972

1973.

'.-22 1b 12. 25

L
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(Slte 1,4,7, lO) had belowground blomass levels 40 - 220%.
»greater than those in the frost boil (site 13) meadow |
(Flg. 28). Orily’ the intensive study (site 1) and rock base
(site 4) meadow both underlain by Fibrlc Organo Cryosols,
had greater (55 and lOA, reSpectively) belowground Standlng
‘crops th%n were found in the wet (site 18) meadow. The‘
plateau-base (site lO) and’ coastal (51te 7) hummcoky

meadow, both underlain by Gleysollc Statlc Cryosols had //
the lowest belowground biomasses of ‘any - hummocky meadow. 7
‘These were Stlll 40 - 554, respectlvely, greater_than those"
+ of.the frost- boil meadow. _ B o .;_; |
ngsonally, belowground blomass peaked by early to
‘mid August when aboveground biomass was at its peak and :
when 5011 thaw was at its maxlmum.,Inter seasonal belowground‘-
standlng crop varlatlon,was appfoxxmately 10% - (Table lw)

-3. Net productlon

Average seasonal (1970 - 1973) belowground net PrOduc-ﬂf

”'tion :and product1v1ty data are presented 1n Table 15. -

) CorreSpondlng seasonal data are presented -in Tables 16, 17,

: 18 and 19.

a

The:- average seasonal meadow belowgroundrproductlon
'closely paralleled the meadow m015ture gradlent. The.:”
‘tlooded wet (sxte 18) meadow had an average productlonrof T
29+l O g/m and the sllghtly m01st frost-boil (51te 13). h
meadow only 59+2 3 g/m2 The -average lowland hummocky (sxie :
1,4, 7 10) meadow productlon ‘was 97+5 6 g/m and was 103+2 4

‘ z/m at the ' 1ntenslve,study (site 1) meadow. Meadow_below—'



‘vonly 3? higher than ft had been in any of. the other years. b

P

S T

L) . .
€

- ground production was highest in 1§72'but'even then was

Monocot root and-rhizome material contrtbuted 94% of . !

‘the" belowground producﬁ@bn, with rhlzomes con&tituting S/ o e

" of this total. WOody plant roots contrlbuted 57 of the‘

product.h and forbs the remaining 1%.

The seasonal (1971) 'in: situ root weight 1ncrement'_;

hf,of Carex stdns. tiller transplants was 24.2%3.7% of the

L]

- reffects of transpl

in the form of new roots, and 21% as. the elongation of

orlginal attatched root biomass. ThlS 1ncrement would be

.

. equﬁvalent to the root growth occurring in the upper lO cm.

of the 5011 proflle. of this root increase, AGA occurred

in the formatlon of. lateral roots off exlstlng roots, 3BA

-

'ex1st1ng roots. All the transplanted tlllers developed a’

full ‘leaf compllme yhlch suggested that any adverse

ation were mlnlmal._

.

lowground seasonal mean product1v1tv was also hlghest

wet meadow (2. 51+O 2 g/mz/day) and lowest in the

frost boil meadow (l 16+O 1 g/mz/day) Average product1v1ty

”>

"of the lowland hummocky (site 1, 4 7, lO) meadows was 1.84140.1

g/mz/day and averaged 2. 02+O 1 g/mz/day in tHe hummocky -

-rlnten51ve study (51te 1) meadow.‘On -a seasonal (1971)

baSlS, the lnten51ve study meadow s product1v1ty was Zd\\\\\

“l///lgher than that of any of the other hummocky meadows The Qf?

hlghestcmeadow belowground product1v1ty was recorded in

'l972 > belng 30/ greater than in any of the other seasons.' ”



| 1. Biomass':; i - -'”‘ A }

; ’ h On ‘a comparative total Standing crop basis hummocky
;(51tesl 4,7,10) meadows maiutained the highest average
biomass (18@2 g/mz) and the frost boil ‘meadow the lowest -
T (821 g/mgb (Table 21). The'Wet (51te 18) meadow s average "

~ biomass was 1570 g/m | The highest recorded meadow biomass‘

of 2316 g/m was found-at the hummocky inten51ve study

(site 1) meadow.l

©

On a seasonal (1971) comparxson of lowland meadows,tthe

. 140_ -

Meadow Totals o o o ' o

.hummocky (sites 1, 4 7, 10) meadows had 35 - 190% more biomass .

s

than the-irost-b01l (site 13). meadow (Flg 28). The standlng

crops of the 1nten51ve study (site 1) and mpck base (site 4)

LY

i
wet (51te 18) meadow s blomass. The wet meadow had. 9OA more

*u~*~»meadOWS*was~SQ%*and.lﬂlwuxespegt1ve~1~_g_eater than the

-~

blomass than the ﬁrost b01l meadow -and 454 and 20% more"
thanthe glateau base (51te 10) and coastal (site 7) hummockv

meadow respectlvely

Total l;vquboveground lxve belowground standlng crop

;heafrost b011 meadow and 1 9 1 in the-

Af; 5 averaged l 2'7 aﬁ the frost b01l meadow and 1 5 2 in the wet

f.

meadow. The hummocky meadOWS' average was 1 4 2 with

x -

g'mx¢W'“

i
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L§vf‘i “r\\gea 'season total aboveground belowground blomass ff'b'v,‘

x.1n_the Wet meadow (Table 21) The hummock? meadows' average
‘ ’.

,ratlo was 1 6. 3 and l 7 2 ‘at ‘the 1nten51ve study meadow.;

-;2‘ 2 Net productlon ang product1v1ty.

Seasonal data of average net productlon and prodUCCLV1ty
~ are nresented in Table 15. Each meadow 3 annual estlmates.g” ,télfj

‘~fﬂﬂg 'uare presented 1n Tables 16 17 18, and 19.“> o

The hlghest total productlon of the lowland meadgws

-

RO }fwas found in the wet meadow (174+8 8. g/mz/day) and,was %

lowest in. the frost b011 meadow (87+3 4. g/mz/day).‘The

®r
2

Lowland hummooky meadows averaged 138*7 6 g/mz/day,'w1th\
the average for the lnten51ve study meadow belng b&7+3 4

g/mz/day The. hlghe&t annuai productlon 1n the hummocky and - vfi/“'

Y

;.f”;n? wet meadows occurred ln 1971 w1th anrements of 6/ and 241“
reSpectlvelv over those found in other years. A 51mxlar
3'comparlson tor the trost b01l meadow revealed the hlghest

productlon being in- 1972 and bexng 7%~Lower ‘in 1971. -

/w

: Belouground productxon was on the average 115 J/185m;'”

-o_.

greater than the aboveground productlon This served as an -,

1nd1catlon that the maJorltv of the a531m11ated carbon was.f
- _ o~
belng converted Lnto belowground productlon. : :

BN

",Vf“isjd.f On .a seasonal (1971) comparlson of the lowland meadows

~ >

the wet meadow was the most prbductlve (176 g/mz) and the

frost- b011 meadow the least productlve (83 g/mz) (Flg. 29).,’3'}‘

A Compar150n of the hummocky (51tes lné 7, 10) meadows

\\\showed the 1ntensive study meadow to have the hlghest B

b



. roductiOn‘(lSZ g/mz)‘and'the-coastal,(sitevi),meadowgtofs

o

e the least productlve (94 g/mz).>njfﬁ7"7 ~f%7%&_;;mefﬂ’
Total meadow product1v1ty averaged 3. 39+0 2. g/mz/day
“the. w\t\ﬂsite 18) meadow and 1. 70+0 2 g/mz/day in the

' fr st b01l méadow (51te lB)..Hummocky (srte 1, &, 7 lO)

“‘mea
2.8

\\
ow productlv;ty averaged 2. 63+O 2 g/mz/day and was.

ighest annual productmvxty was recorded ‘in the short

A 245 d y) 1972 growing season. Product1v1ty was hlghest atx'

'the‘we

<

meadow (3 87 g/mzlday) and 1owest 1n the frost- =

.:143‘__

\+0. 2 g/mz/day in the 1nten51v study (51te 1), meadow.fid\'

boil me dow (2 07 g/mz/day) The equlvalent product1v1ty‘v .

at the h'mmocky 1nten51ve study meadow was 3 37 g/mz/day.bf

.\/‘

Pre peakrdleb&§k and post peak growth were ot mxnor'zf

lmportance Ln the frost boxl nd hummocky lntensxve study

", tJ o

" meadow s productlon (24 and %,.respectlvely) ‘but played ?

SN
Lo

'"v.a greater role. (12%) in the et meadow s. productlon Pre—”

peak dleback occurred 1n th told overwxnterlng leaves and

Fo
post peak growth occurred ;p’the young leaves 1n1traped

durlng the course of the growing. season. Durlng the growxng<".

fseaSon lemmlng (DlCrostonyx groelandlcus) utlllzatlon :

(gra21ng) of the lowland meadows was mlnlmal (Speller 1972)f

. B
and lntensive muskoxen gra21ng was " restrlcted to speC1f1c

areas of the lowland (Hubert l976)~ No 51gns of gra21ng

were found ln the meadows sampled for productlon._'

P



P

Tﬁlﬁﬁ.

‘ . _'v_."s ' .._.“' ! \ “ "‘.‘:"" |
Whitfleld 61976) estimated lOWIaﬂﬂ meadow standxng CrOP

.reﬁ0val by herblvore grazing to be only 1 -’24.\Even dUrlng ?;;,

;gra21ng of

oa perlod Cii::) with hlgh f@%ming pOpulations 1ntensive V*F

dow plants was not evxdent.:.”

The relatively short 50 day average, meadow growxng

‘"season mlnlmlzed variation in time of peak blohass develOp—“'""'

ement w1thin the meadow plant groups. Although woody plantslTQI

.+ and forbs put on a fuly leaf compliment two. weeks earller S

¢

{;1972) ' .'{“ji

s -

than monocots, biomass peaks in all’ three groups weref}.-

,relatlvely Synchronous._Simllar synchronv 1n plant group

)

_biomass peaks was found in the roék outtrop (dwarf shrub-~
vAlheath -moss ) . communitles (BllSS and Kerlk 1973). In the

et Llne e T
_ Barrow meadow peak monocot %ﬁomass levels were formed i S\

t. R R

»ﬁearller than 51m11ar peaks 1n forbs (Dennls and Tieszen

Overw1nter1ng meadow monOCOt and forb green tlssue

ﬁaveraged 6 ngz Thls green component was ot young 1eaves ;ﬂ“'n

’ whlch had overw1ntered Ln a" green state. The overW1nter1ng

tissue experlenced less than 10/ post snowmelt deterloratlom

,'-and prov1ded the meadow plants wlth an. lmmedlate photosvn—*'

;component but. “the tlgsue deter;orated (photo oxldatlon7)

»_readlly after snowme%t (Deunls and Tleszen 1972) T T‘

thetlc capac1t§» Mayo et al. (1976) fo und Carex stans tlllers

«

fzcapable of photosynthesxzxng at low temperatures sxmllar to
ythose found Ln the early Sprlng Barrow'meadow monocots also.

’overWLntered w1th a SLgnlflcan; (lO g/mz) green tlssue"( .3”}i-};f

.
v .

s : 1 TR
. Seasonal lncrevent i monocot green blomass closely : ,_»-sﬁ



AN

'afjwoody plant stems, and forb taproots served a sources of

”gparalleled se&sonal ledf growth (Eig 33). A s1m11ar L
*lrelationship was found witm&chlorﬂphyll content and to a i”ﬁﬂffe;
Ilesser degree witq photosynthetlc leaf ﬁrea (Flg 3&) i '”
’;;fMeadow CanOPY components were closely\synchroniZed in thelr’*dkfg
vbndeveIOpment as a Tesult of the shortness of the groW1ng '
‘ gfseason.,They exhlbited -a: fairly llnear pre peak 1ncrement
-7;and an equally l1near post peak?decllne. In the Barrow -
":meadow, chlorOphyll content and aboveground biomass showed v.;i;f

fsimilar seasonal correlations (Denpms and Tieszen 1972,1i;f‘”

'_Tieszen 19723) ‘ o ‘ VL |
The major (30 =" 80 ) portion of the early season above-”,5'

'ground biomass-was of non green tissue. Monocot stem bases,_~7"~3

ar

afdearly season energy reserves for the growxng kégf prlmordia.

"fl;lThe greater average concnetratlon of aboveé?ound llve blomass

',' : \.gt -

;an the hummockv (s1te l) meadOW'(86 g/mz) as, compared to the

3ﬂfrost b011 (51te 13) meadow (57 g/mz) was A large part due

.Lfto the hlgher (1004) stem densxtles found in, the former k

- o :, Sl

ul?meadow Although the stem density of théLwet (31te 18)

meadow was Onlv 60%>that of the hummockv meadow, 1ts hlgh

standing crop k80 g/mz) was due to an- almost mono SPeCLflc

growth (Carex stans) and optlmal growth condltlons tor thls

seml aquatlc speC1es. Inter hummoc<v meadow abovegrOund

llve tlomass varlation was prOportlonal to envxronmental

s

The warmer lnten51ve,,;l_

-k

bv an- organlc 3011

temperature reglmes and soml condltlons.

a>study (31te l) hummockv meadow _underla1

had 2 lsm hlgher blomass content than was tound in the cobdsst;f,_:

R - o U . ".\\ B
e e - . -
=

L Ry ol e
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= meadow commdyitles 1n othagumegions (Table 22) It 1s

‘d"questionable as- to whether these cited studies 1nc1uded the:\

.:ithan dld the low arctic meadows. The northern exten51on oﬁ,

i?and correSpondlngly 1ts green biomass 1evels were 120

| '220% higher._. 2

"'ffgreen biomass (45 504 of the total llve materlal)

55;tcompar1son, high arctic meadows had 60 550% less blomass

¢} T

-

7f;these low arctic communities resulted 1n a decrease 1n gpelr

jfstanding crops brought about by a reductlon 1n communaty

“

“The relatlvelx hlgh (25%3 earlv season lltter componenc B

:in the dboveground total blomass suprorted the phenologlcal

~

'g;ev1dence that the meddow monocot leéves remalned dttatthed

L e T T e e L
T w.#rh-i;g-a,»; e e T e T
:~}:coastal (site 7) hummocky meadow underlain by a gleysolic ST
hug'soil : L : :M,J SRR e X : :
N . PN . . o . ‘\"f’~ S a‘u
_ Lowland meadow abovaground live standing crops were P?_“»‘

verv 51milar to those reported tor related 1ow arctlc ;ﬂlil]:'.!flf;5

'iﬁnon green component 1n thelr lLve biomass data An a strzctly

'1p1ant density. btem densities at Barrow (Dennls and TieSZen_gi_

“lvf51972) were 120 o 335% hlgher than those in 1owland meadows ::f”ff?'

‘tor’al Least tzve vedrs and then became 1ncorporated 1nto:”y3

fejthe 11tter, LLttle (O l@) of . the llttervas removed from the

Ameadows by sprxne meltwaters Average'}epk season total

- © .o

‘}above&rOund standlng cro;s were 282 g/m at the hummockv

:}Lntensxve studv (51te 1) meddow. 203 g/m fat the wet (slte '

f
b) meadow and 170 g/m at the trost boil (Slte 13) meadow

o
.01 Lhe dboveground bxomass, bO.— 70/ was w1th1n the mos§s

) 1ayer bxmxldrxlv. bS - 757 ot the abovegroundodead plant -

e

-
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material was retained in the moss layer. Retention of a
”Llarge proportion of ‘the adeeground standing‘crop within
_the moSs layer inSured significant nutrient retention Within ,'f
. the meadow ecosystem. This helped to compensa.e for the- o
llow nutrient levels occurring ﬂ!thin the lowland meadows o
.'(Babb and. Whitrield 1976) ] | | |

Rock outcrOp dwarf shrub heath moss communitiesj

?;(Bliss and Kerik 1973) maintained aboveground tot%} standing

e

ps/ﬁxegetated areas) which were 35~ 2707 higher than’
o
hose in the meadOWS.:Plant growth in these communities was

‘ restricted to 32? of the total habitat and on a total area

V”' ibasis the standing crOp-was up to. 602 less than that of the}-‘

‘,;heights would hel; explain the lower standing crops Eound in

‘meadows. Raised beach cushion plant tommunities had 75-

:lOSA more biomass than the meadows (Svoboda 1973) with dead

i]“Dryas integrifolia 1eaves respons&bli’§or,fhe increased
i:biomass.rln the raised beach communities the growth strategy :
"was one of retention ot the maJority ot the plant tissue
aboveground Comﬁared to low arctic meadow communities ot
’other regions‘ lowland meadows shared a Similar total above--
?ground biomass lTable 22). On a strictlv.above moss surtacet:
.baSis;:assuming that the cited data mav have been ea;ressed _
i.»on onlv this component. thel lowland meadows had 10 ;_265 ; ‘itl
?éss biomass.than their low arctic counterpaxts. Lower ;lant

'denSities, less Vigorous plant growth and lower plant canopv

hl&h arctic meadow . The high biomass contribution (bS ~»95%)_£'

_bv monocot speCies was also.a Signiticant Eactor Lo’ the lower :



. isi

-~

blomass" Haag (1974) found that standlng crops of monocot

dominated communities in the low arctic were 3OA lower

':.;than in communities with a: larger woody plant 1nput.g

rf 2. Net production.

Meadow aboveground productlon peaks occurred 40 -550

P =g

3'davs»after snowmelt (early to. mld-August) beasonal-produc4i

" tion developed in prOportion to the warmer temperatures andj”

high incom;ng’radiation levels measured: (Courtln and Labxne

'1976) over the growing season. Post peak productlonfd~1mattc

condltlons were marked by low temperature condltlon,

’lower lncoming radlatlon levels. Correspondlng 40~

rost- snowmelt production peaks were. also reported (Pleper

vl963- Tleszen 1970) for the Barrow meadows. Arctic meadow

-

rlants, irrespectlve of their low or hlgh arctlc locatlon, e

appeared ‘to maintaln a 51mllar growth perlod It. was not_
determlned 1f thls was due to genetlc or env1ronmenta1

.Lactors.

“

Aboveground productlon in the lowland meadows tollowed

&

" a distinctive mo1sture gradlent»(frost-borl tol@etmeadow).
The wet meadows malntalned flooded condltlons thrOughout
lthe growing season and prov1ded the sedges WICh their most
optlmal growth habltat. Over the three seasons of productlon °
sampllng, their average productlon was 45 g/mt. The trost-
'bOLl meadows had only a moxst habltat and their- less favor-
able sedge. growth condltlons llmlted their average productlonk
to 28 g/m . Over 75% ot the aboveground ;roductxon was of
.green plant mater;alf Monocots made_the ma1n_(70£) contrlf-

-
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-butlon te the aboveground productlon.
Low meadow spec1es diversity, comparable riant growth

dynamics from year to year, and a Iow (1 - 2%

gra21ng stress

contrlbuted in deveIOping minlmal (< 57) varl,tlon in- annual

- 1Y

aboveground production. Meadow rlant growth *productlon)

did not appear sxgnlflcantly affected by annéal changes in
the clghatlc conditlons durlng the grOW1ng shason. bvoboda
;(1973) .also: found a simllar low annual variatlon in above—

ground productlon in the ralsed beach cushlbn plant communltles.

ngh arctlc plant growth appeared to be adapted to mlnxmum
.growth requirements. In the earlier and warmer 1971 season,»

/productlon at’ the hummocky (site 1) and wet (sate 18)
meadows was only 10% greater than that in a later and cooler

season but. in a s1mllar comparlson ‘Wwas depressed by 107 at

«.the . frost boil (51te 13) meadow. The - deeper 501] thaw and

the assocxateﬂ lncrease in soil dralnage may have been

respon51bge for the sllght productlon decrease 1n the trost-__.

0.

‘boxl meadow‘ The pronounced seasonal productlon fluctuatlons

B

‘freported for low arctlc meadows (Pleper 1963 Dennls and

S

-Johnsen l970)/were assoc1ated Wlth Eluctuatlng grazlng
'llnten51t1es. This was not the case 1n the lowland meadows. -

On a comparatlve baSlS, lowland meadow boveground.

roduttlon wAS comparable to that of low “arctic’ meadows
(Table 23) Onlv when compared to the most southern low

, arctlc communltles was . lC llS j 2&54 IOWer. The hlgher

‘productlon ot these 31tes is derlved from a denser plant-
. 4 )
. cover and a more 0pt1mal and longer grow1ng season. . . )~-
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@dow Exeld greenhouses,_ ~~§ average air o o

e ftii. {asec&»t‘heﬁ.;{l
favoékbl?\with the ihéreases measured for monocot thorOngll x

Q\i

'°hhigher than thgse side the greenhoube,

-

abobeground production bv 264.rThis compared

‘:i;thkgﬁﬁmleaf aﬂcﬁ“ ﬁi flowering IeVle; The- 1nareased

- ..

rodUctio> as probably due to 1ncreased ybotosynth;fq; rates

R PURET

| n'dEVELoped by the increase ln air and oorresrquing leaf
Ar.‘ temperatures.\ uch temperature incrdases were over 507

higher than the variation in growing season temperatures

. t.
found from year to year. - a

It was not determined to what -extent the 1ncreased above- 3
[N ’:,.3"" ’
ground pgpduction was based on the expense of belowground

carbohydrate reserves: If thls actually did occur to one
V:degree or another, it would have produced a»neﬁ&tlve net
“effect. Belowground reserves are vxtal to the meadoy plants

in lnsurlng a. rap1d growth patternaeatlv 1h.Ehe season.

!

oboda (1974) and Tleszen (E970) toumd 51milar browth
#f'

LnCrements in thelr raised beach amd low«avbtxc meadow,
" K , & e
respectlvely, greenhouses. ’ CUT ,\”l“ﬂ"

N 4 . * . %

‘ALowland meadow aboveground prodpctivlt\ rahged irom»‘
0. Sa‘g/mz/day in the frostrboilm(site‘l30 meadow‘to 0. 68

g/mz/dav in the wet (site 18)gmeadow. ?hrs wOuld placé
Cho® '
the: lowlahd meadows' productive: capacﬂtles at the lower

-

range or Bliss' (1962a) predlcted 1 -‘3 g/mz/dav aboveground

'productlve capacxty tor tundra commun{tles.‘Thls was to be
. : !: S : s 3 1A J
_expected since these hlgh arctlc meadows are ertensxons of

. L [ . o

similar 1ow'arctic communities. B

- Dol o T B



Belowground L AR
o | 1. Biomass., | | | '

; The majority (96%) of the meadow belowground biomass,d
consisted of monocot tissue. Of ‘the total biomass, SSA:was
concentrated in” the upper 20 cm layer of, the 5011 protile.j
These . .root concentratiqns corresponded to higher soil.
"temperatures, better soil aeration, and greater nutrlent
availability (Walker and Peters 1976? Soir thaw was alsom
earlier and longer in duration in the . upper soil profrle,
The Strategy of concentratlng root biomass in the upper-i
’part of - the 5011 appears to be characteristic of both h1gh‘
arctic and iow arctic (Tleszen 1970 Khodachek 1969 , ‘Qt
"Evodkimova et al Al968 Aléksandrova 1970a, Pavlova 1969)
Although vertical root concentrations below humm0ck and
- hollow habltats were. simllar, poorer growth condltlons ln x_
hthe ‘hollow soils resulted 1n standing crOps 35 - 50% lower dl
than those beneath hummocks. The estlmated root productlon f
within- hummocks ER 34) was only slightlv hlgher than ‘that.
in hollows (4 8%) . Lower root standlng crors W1th1n the
ffrost b011 soils, compared to those beneath vegetated areasw
'corresponded to a lower plant cover. and poor root growth

Lo

env1ronments The frost b011 50115 are hlghlv alkallne and

%

- possess low levels of avallable nutrlents (Walker. and Peters

1976)

- i s R

Belowground root - biomass, was almostrequailv d1v1ded

srnto llve (52% ) and dead, (43%) components. The”lS v1ablef7'

_5root componeES in veSually-cla551f1ed dead roots was

o . ~

N o R ) Cao k

B vo‘ - N . . " -
IR B SN Lo L S

Y



st of dying. Although
' s ages ly: ng/// g.
_land/communitles have dlf‘

ﬂcohs;dered to COmprlse roots whlch were in the latter

) _
: rqotlng strategies, a- -

’fslmllar live dead root rat'o _Seén established‘(Qlark.'v

l9?q) for these latter communlties bv means of 14Ci

156

‘meadow and temperaté grass-

The vxable (11ve) root component ot the dead root”blomass

{
/" : t 2 @ - o

‘indrcated that - mOnocot root llfespans were on the order of

éai, l\~8 vears and that\roots outllved tLllers by '—‘Ss

.
Y LT

that the energyvreserves of the: dead and dvlng tlllers

o

toulé.be transferred to developlng tlllers. Such.a below-

uould compensate for the poor nutrlent status of meadowr"

4 @

501lst The availabllitv of an establlshed ;ootlng svstem

The large dead root component of the meadow below

12

’,fblomass was attrlbuted to the lower soil’ deComp051tlon o

[ T

.rates Wthh develqped under COFdlthnS ol low 5011 temper*

'”atu1e and poor 501laaerat10n. ThlS resulted ln an ‘accumus.

Wldden (l976) found maxlmum méadon macroblal populatlons to

< - . . . - _ Lo o
L. P B . . ‘Q - : . ﬂ - / : '
RS : S : e e

o -

',vears. The advantage of" delaved/root md?talltv would lnsure_b‘

ground utllizatlon of photosvnthetlc and nutrlent resources..a

4

:,ﬁwould also inspre_a gr%ﬁterisn;vlval_rate }nndeveloyxng

tlllers.» ft,' B t;'-f S 5:‘ ' 51-.;W;f : oo

U,if in low arttlc Carex aqnatllls;:root llfe spans“were i:,
talculated to be 5 v 8 vears (bhaver and Bxlllngs 1975)..1 ’ ;
'Erlophorum angpstltolxum uas found to replace tts&rootlng ;u

R ST ey

's\. stem- annuallv and thls may: have\ contrll&’uted t‘% ghe’egtig:gqﬁ%
longevxt\ (ca. 7. vears) ot 1ts ti llers.- ' ',jifl .‘5' v.:y -

V' Y
round v

A'latlon. rather than complete breakdown, ot dead root materlal.g ”



i

v

?

R

] '; ’ ':
a«ﬂ?wSLmilar belowground strategles for low arctic Carex o -
A aguatllls. o B '71“.’ lv.f>'”ﬁ ",'fv;' _t« R
. ) beasonal belowground standlng crOps 1ncreased 1n o
proportlon to the: depth of 5011 thaw. Max1mum st&ndlng
- crops developed by early to m1d August.,Roots in the upper,j
10 = l) cm laver of’ the 5011 had a longer (ca. .50 - 75 L)
gro“th perlod than dld‘roots at depths of 20 - 25 cm. The T
, majority: of root growth occurred in. the upper 5011 protlle.
" &
’ ' Rhlzome standln crops chan less than ‘15% over ~he~
g P &8

a N T e R .

S

- be concentrated in. the upper 5 .cm layer of the 5011 proflle‘

Aand for mlcrobxal levels to be consxderably 1 wer at lower p”i
.. o . »

- . N e L 4 - ®

depths. L | .
The hlgh live component in the belowground blomass ‘
lndicated longer root lrfespans and pOSSlble 1nvolvement in‘
tillerlng The extensxve (65 - 704) occurenca of tlller'
clumping suggested tllleralntquependence Dyrng t;llers
" appeared to nge rise to* eu"tillers by - means of - short E

(< lO mm) rhizomes and their roots would haVe served the

meature tillers until they had establlshed thelr own

K

;‘root systems. Shaver and Billlngs (1975) have reported S

course of the season. Peak rhlzome b1omass developed 1n
conJunction w1th aboveground blomass peaks.‘Thls would

;Lndlcate that belowground translocatlon of photosynthetes’

. was most pronounced‘toward the latter part of the grQWLng

S e - .-", o ‘_; \ . . ﬁ- -

r .

season. - , .
~

- The hummockv meado“s had the hlghest average belowground

' blomass (lb33 g/mz) Thelr root blomass varied’ con51derablv
5 _ . _ . v

I

S S S A . ” S

A



;soil‘type. The moist\,

from meadow to Tea'ow and was found to be e/pendent on~the'

_Cryosols of th Jhummo Ky- intenplve study (§1te 1

uhad an averag‘

warm, and organic Flbrlc Organo “:j(-t\

Cosgs

—.

) meadow‘f"

root bi \mass. of 2034 g/m.. The wet, cold

"3and more mineval Gleysol:c Static Cryosols 5§ the\cqastal

:'c(51te 7) and plateau base (sxte 10)- hummockv méadow haq

‘-helped reduce root blomass to an aVerage 1367 g/m . Lcw

the vegetdted areas these ranged from w9> - ll}S

and KerLk_l973). . -

uless than one half the roo blomass. Thelr below

’bibmass was also” only 35

average ‘root blomass of the ‘rostJboll (sxte 13)

gfound

N\
,5 tgreater than the 651" g/m

meadow. IEEREE

Simllarily, exce551ve soil"mOLSCure levels 1n organlc

.Flbrlc Organo Cryosols create a~poor rootlng envxronment.

,5011 nutrlent avallabllltv ‘in ghls-meadow \Walké

.Peters«1976) would also have contrlbuted to ins

blomass.v_ \"' “5’

2

'ngh root blomasses were tou“'

;low standlng crOps “in the drv and nq;rlent poo'

’ralsed beach CUSthﬂ plantacommunxtles. It these

SOllS ot*the

T and

lower r

latter

'communltles‘ max1mum blomass was concentr:ted abcveground

;heath communltles tavored hlgher root bcandxng c

A_'?

E

-

~ Belowground standing, ctops Sf comparable low arctic

e R - < ! . . .
PR .

|

_The mesic soxl condltlons‘cr the rock outcrop dwarr shfub-

rops and lnlf

g/m2 (BllSS.‘.

————

i



Ehigher low arctlc root standin&.crOps undoubtedly reflected

sgreater plant densxties, and longer and more tavoxahle growth

o SO
. T

ficonditxons in deegpr thawing soils.s "*”f“ e ’“fyd}‘ ;L-.; o

S2 Net production. L iﬁf N

‘x

Net belowground production accoUnted tor 7OA of the-';

totalameadow productlon.ASuch hlgh concentratlons of

‘u;\iJ

?fassimilé_ES belowground insured meadow plants the ncessarv
. < ) o

energv reserves for - lnitlating early season growth At
- Barrow, Tieszan (l972b) found that monoeots translocated
approximatelv 75/ of thepr fixéd carbon belowground Thls

:“ould indicate that belowground translocatlon of a major

’terxstlc of arctlc'

‘-iportlon of the photosynthates is chg

o’

. s .
meadou monocots. irresrective of)the_ atltudkﬁgl locatlon.l ;

"

™

Energv stored in belowground 51nks was ‘more ett1c1ent1f;IK ' e
R N W :
‘ ,retﬂsned thhln ‘the: meadom ecosvstem slnCe roQts . were fongeﬁ

'”llved thap tleers and the stored energw L@Uld be- used ﬁ>

i

throughout the txller svstem. P co.

LA > - s

“ The™ wet " sedge moss meadows were ecologlcally the most

.sultable growth habltat tor Care; stans the domlnant 1owland

-

meadow SpeCLQS. The average belowground productlon of these

. meadows was 129 g/m even though thexr beIOWground blomassl
' ﬁas lS Less than that ot the hummockv sedge moss meadowgl

»The;louest belonground productlon of 56 g/m was‘tound in

"theArrost b011 meadow. The low productlon in large part was':f '//“

} *

«ﬁdue-to the leLted (51“) lnten51ve areas ot ;lant growth R
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b,

’,Frost boils were extremely poor root habltats and possessed

“~apprd&1matelv 20% of the belowg;ound biomass found’beneathe

the heavilv vegetated portions of* mhe meadowx On &, totally--"'

fvegetated basis, the frost b011 meadow production would

T

e

'_;belowground production being 40 - 557 Higher than that bf»

:Lnsured a greanr bekewgr0und produ jon, one comparabLe to '

.have been COmparable to that of the other meadow communitv“;""’

-

The tvpe of soil tound in ('meadow had an- effect on’ the

A -

v‘ﬁ'

degree ot belowground productlon. The Qarmer and better:v
' 1

:drained Fibric OrganOKCrvzaels of the intensive study (sxte 1°

¥

idnd rQLk base (slte 4) hummocky meadowq resulted in their:

L

“the coastal ksite é@khummoekv meadow with a Glevsollc atatxc
b.'Lrvoeol. Although the plateau base (sxte 10) also had .a o

'">&levsolic soil 1ts more pronounced abovebround browth kP

that of the two tormer hummockv meadews.

T

Annual lnLrement of ‘the belowground blomasq wae approx-

1matel\ 52 ot ‘the COCal standlng crop Sueh a Low annual

1product10n Lndxtated that lncreased root longevxtv in rar

5. ‘ ~

o T
{helped to otESet elou root growth ThlS would dld in. plant

i

',energv conservatlon <inge Less ot the energy reservee would;

-A:be used for new r§2t tlesue productlon and e\lstlng roots

'r. - i

would be ubed more etteLtlvelv over a loneer perlod ot £ime .
Prevxouslv reported lowland belowground productlon rate\

(th L973) were. approxlmdtelv 25 904 higher “than those

reported here. The tormer prmduetxon ethmateb weretbased

B

on eeaqonal tothl below&round blomass dltterences and Lhese“

-

161 -
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.required extrapolations of early season belowground standing

;cnepsmmComputer simulations of meadow belowground production

(Whitfie%d,and Goodwin 1976) based on available sedge

',phﬁfbsvnthetic rate and green tissue biomass data, indicated

‘~ﬂhét those original pnoduction estimates were, considerably

PR

.higher than might be’ expected The statistical approach to

’ calculating belowground production as a ratio ot aboveground.

s .

.fthose ot the Lowland.meadows.VThis would have developed trom'

n,belowground producthﬂipncvided a closer tit between computer

x\

"predicted and calculated root production. Arkay (I972) had

” 3 ;o3 .
used a“thilar ratio approach to escimatingxproduction on Q

. Cornwdﬁi%% Islan%@putvhad assumed annequivalent ratio. ‘;,

Seasonal beIOWground accretion in %%mpardble dow: arctic

{os,

communities ot other gezigns werﬁ?only slightty higher than

fthe denser plant growth and more optimal enVironments tound

at the more southern 1at1tudes. At Barrow, Dennis and Tohnson‘}

f(19703 reported belowground production to ranbe trom 90 -

258 5/m dnd to represent an annual increment ot 17% oi_the_

Lotul biomas | In the Western Taimvr Va55113evskaya andji‘h
_Grishna k19723 reported production as being 114 g/m in a'e

3spottv sedge tundra and 165 g,{m2 in a marshv tundra. These

e

lﬁ‘}‘rebentedth mass - increment of 7%. L \

Below&round meadow productiv1€v inciedsed‘along an

xncreASinb leStUle grddient (trost boil to wet meadow)
Wet meadow produﬂ“ﬁVLtv dveraged.t.Sl g/mz/day and was only o
\1 Lo g/m*/dlv Qq.ghe tiost b01l meddow. Htmilarilv produc |

;LiVit\ was highest in a. Later and cooler sedson such as: 1972.f

aae
PN -

oo L e Tl T e i
3$‘_ @’ ~.‘i . ' . T .‘.h ,-1_' ] ‘ - " ., .V-A l()z

~-

LW
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lhis lndltated that meadow root growth was not limited bV'
such growth conditions. Low soil temperature do not appeart
to restriot‘root-growth of'arctic!meadow_monocotS»(Billl1gs
et al. 1973). ‘Root.growth"QouldhhoweVer'beTerpected to
decrease‘ln prdportion to the lowering of soil temperatures
dt lower soil depths. o '

A In Eurasian meddow communitles Vassxl}evskava and
Grlshna (1972) reported beIowgrpund productlvitv as 0.90 -
2 43 g/mzfday, a rate comparable to that of the lowland

meadows.

' The 24% lncrement in the root weight’of#the Cargx stans,

L tlller transPlants refleCted the Optimal roae growth habltar

to . be: Eound fn the upper soil proflle. Tthwy

. < "\,.3_,7,“ .
'over-represent the ao&gal rqg?dgrowth of the Sedge:%Sane

SR ..,.{ ?

ythéﬂmaiorlty ot attatched roots were alive Qﬂ& little of

Jh,thé dttatched'biomass lncluded dead roots. Jd?ﬁ‘hermore. .
thevdttatched roots in the lmmedlate v1cinity ot the tlller
ma§ hdve Rgssessed greater growth Capacitles.-The hropeSs_.ﬂx

';ot transplant&tion rmust»also be conSLdered as belng poten=
tlallv kntluentlal in the measured growth rate. Tfmperate
rrassland studies have shown that transplanting tillers'r

-"may stxmulate root growth bv as much as ZQA §

élnke 1946) to LO (Smlth 1969) A more reali tlc approx-~j'

lmatxon of sedge root’ 5rowth in the upper soil erLlle.
mlght bo>on the order ot lz - zox. Root anrements at lower

s depths would be expected to” be LonSLdexably lower.5

,”Olvthentotal 1oot lncrement lound Ain Lhe sedgt tiller

. v'ié*i :
4



:\
1

u"

"?transplants, 80% consisted of new lateral and primaries

and 20% in the elongatlon ot older roots. New roots would

be’ more’ efficient in water and nutrient uptake while, lhe

~old roots‘would serve,as energy inks and primordia- for .

new root .growch. . R ,
 .Meadow TOtais S o

1. Biomass.‘

Increa!td vascular plant and non- vascular (moas. algae

and lichen) plant biomass contentw the lowland plant

64

communities followed an increasing habitat moisture . gradient

< A,

contributed appro%imdtelv S0% of the biomass in the wetter

meadow sites. beﬁge-moss meadows had 85 - QlO% more total‘

"vasdular‘Planﬁgﬁgomass than did any @ther lowland plant °

communitieb. This was in large part due to: their more

h

o extensive ve&etation cover and pronoupced concentrat!on oi

'biomasb belowtround Even in the trost -boil meadow wher

t® cyrte T

h'onl\ §1% . of the Surtace area was tovered by dense plant
S s

from the raised beach to the sedge meadows ﬁfig..BS) Mosses

gtﬂhth, had 85 \\\po mbre. total vascular plant blomass than

o«

'idid the non meadow communities.

those'ln the,wet meadows.vreduted COtdl communitv 'asculdr

-

mesic’habitats ot ‘the hummocky meddows. In- Lhese latter'

'rmeadowx developed Ereate‘ HpECleb diverSLti and higher

“stem deneitie\' lho wet meadows were Amore optimal grqyth

3_habrtat tor mosses..On;l totdl vascular and non vascular

o - . . . -

Al . - TS Lo . L b

"% ; E\tesaivelv high soil moxature level (tlooded) bUCh as .

plant biomass,bv-approximatelv 15% in comparison to the‘mofé
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“ , o,
(moss ahd algéé predombnantly)vbaéis, standing crops in beth
the hummotky and wet mg&dows weretsimilér at 2798 g7m2 and

2668 g/mzk‘resbectivelv. on a total vegetated basis the
total biomass of the frost-boil meadow- would also have been
icomparabLe to phose.ot Che other two meadow types.
Belowground standing crops in the iowland communities
tended to fefleJE the comhunity.species composition.
Monocéts Qf”ﬁhe wetter meadow'habitat‘vconcentfafed the
maJor portion of their blomabs belowground while cushion
’ plants (forbs and woodyiplants) ot the drler ralsed bedcheb
Loncentrated their mai: glémass aboveground ‘ |
Average peak.seaSpn\?boveground:belowground vascular
.plant biomass ratdos of the lowland méédows ranged from
l: 3.8 in the frost-boil meadow CO 1:6.7 in the wet meadow.
’ Comparable rock outcrop dwarf shrub hedth community ratios
'ranéed from 1:2.4 - i‘§.9 (Bliss and Kerik 1973). Raised
beach cushion rlant conmﬁqfties (Svoboda 1973) had ratios
Qa 3.2:1°- 6. 0:1. | ) |
’ -“'Iﬁ gomparable Eurasian hlgh arctic meadow sites on
BOl'bhO] L1akhovsk1g Island USSR, Aleksandrova (l970b)
"rcported rdtlos ot 1{5 23 > 1:7.2. At Bartrow,’ Dennxs and
;'JohnSOn (1910) reported éonslderablv higher ratlos ot Lrom

1

l 5. 9 - 1: 17 8 and Fieszen (1970) Lound slmllar rathb ot
1:11 - 1:14. The hlgher rdtlds of these 1 ow- drctlc meadowsv
afe dttrlbuted to Lhelr dcnser vegetatlon and correspond1n5

h15her belowqround bLomasses.



. .
Al o o *
. . Net p gg gign and%productivi_x -

The vascular and nbn1ﬁpscdi (moss, algae and lichen)

‘plant production of the\lowland communities increased w1th
an increasing habitat moisture gradient (Fig. 303 as h%? the
cqmmunity biomas’s. Tocal‘vascular plant produ}txon was on,
. the avefage oni§ 19 ’g/m2 on the raised'beach/and 174 g/m2
in the wet meadow. In thé.lowland meadon; the lowest
prbduqsion wasifound_ih tHe‘relatively 'dry' (moist)
frost-boil meadow with 87 g/m? |

Lleand me adow productivity was 80 - 630% higher than
that of non-meadow communlties. ‘Raised beach total prédug-
Ltivity ranged from 0.34 -~ 0.38 g/mz/day (bvoboda 1973) and
based on a 50 dav growxng season, was ca. O. 69 g/mz/day in/ | |
the rock outcrOps (Bliss 1975). The sxgnxticant dlfference N

“in the pvoducciv1t1e% of the 1owland cqmmunxt1es is

attributed co the productlve capacxtles of Yhe dominant
. N

communltv bpec1es. The- moxe productlve monoaots.‘domlnatxng

louland sedge- moss meadows, are prlmarllv responsxble tor~.

the higher product1v1tv of these commpnltxes. The , cushion

- plants (torbs and woodv plants) dld not appear té have suchVﬂ

high productlve capacxtles._ A , \
Average total meadow prodyctlvltv ranged from 1.70 g/

mz/dav in the frost-boil meaééw ‘to 3.39 g/mz/day in the wet

ﬁeadow. Interestlngly, meadow product1vztv was hlghest in

a datef arid cooler (shorter) grow1ng beason (1972) than in

an -earlier.and warmer (Longer) grow1ng season such as 1971.

This might" suggesc that meado“ ;lan; growth is blolog1cally 5

/ [
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"L boil meadow were due to. Lhe11 extenSLV’

169

‘regulated and developb lts maxxmum growth reEardless of’’

7{he type of growing seaqu expexienced. In such a situation,
productivitv would- be hxghesL in the shorter Season and : -

lowest in the lonbeSC Seaspn. S ,
[+ Il " 9

Although the lowland meadows malntaxned the, muJoriL)
e s
Of their biomass belowground ‘they, neverthelebb dld provxde

a laxge dvailable/food :upplv tor che 10wland' tauna.
brazing in the meadoks was however minimal (l - 2 ). due to'
-the wettnes> of these habxtats. Muskomen were the ma jor

meadow hcrbivore and unlike the Situation in~ low arctlc_

‘meadows, lemmings’ did not makg a signlficant gr821ng
impact. on the lowland meadowi. ’

* - Lowland Meadows" ,

@

ommunlﬁles vgscular
Plant Standln ‘cyops @nd . productlon ixcreased along ah s

In the lowland sedge moss meadow

-2

1ncreasxng habltat moxsture gradxe&; k’rost -boil to wet. .
- A

meadow). lower productxon and blom@ss

¢

levelf 1n che frost- -

(49 Yy dreds of low;




.were not only the-most prbmunen 'plant community but were

< -

also 1ts most productlve unlt. Thenr exten51ve develo‘ment

g 'Fﬁ X

'(area) in the: lowland must be con51dered one of. the prlme - /

factors neSpon51ble for the lowland's exten51ve faunal

-~

dlversity and bgomass

- g
. ‘ .

LITTER AND ORGANIC MATTER - '~ ' = .
"Litter\\na 5011 organlc matter are 1mportant comﬁgnents

in a tumdra meadow s total nutrlent budget sgunnell 1972

»

Whltfleld l976) Aboveground anh belowground decomp051tlon
;rates in the lowland sedge- moss meadows are low (Wldden'
1976)as a result of low ‘soil’ temperatures, hlgh soil m01sture\

content, and/low 5011 o;ygen ten51ons. The_net result is an
s ) Y
accumulatlon of organlc materlals in the meadow soils:!
. /-

Tundra decomposxtlon processes do function at low temper--

3
-

atures (Flanagan 1971) ‘but would présumably require ‘a longer

tlme ‘interval to be as effectlve as those of temperate'

\Teglons. .,J

Seasonal llttegxcollectlons in the lowﬁand meadows
. g v} -
;prov1d%g an estlmate of the ayallablllty of-abovegroand
tissue for decomposition as;Well.as the weight attrition of
L B A *® s ) "' = . a ) .
this.plant COmpoqent. Estimates of the~organic'matter‘ N
.content of lowland meadows prOV1ded an insight’ 1nto .1ts

development as well &as an 1nd1cat10n of potentlal nutrlent

rese;ves. e o



[ - ( - -
Method*‘ 7 _ o o
. . o .‘ ) ! ‘. R ' : . . - . '. ﬂ : .
-~ S o . Litt$¥\ '//
' ' - ‘ . - . ‘ \\; » // N

Durlng each growing Season. aboveground 11tter (here g
used as unattached vascdlar plant materlal 1y1ng on the,

N

. moss surface) was camefully collecteﬁ_ﬁrom each of the*

lplots harvested for prlmary productldn estlmates. Sampllng

.inten51ty and frequency have been descrxbed 1n the sectlon

3
on prrmary productlon methodology The lltter collected in

s

each sample was not sorted into lts con?tituent plant

.-,

‘grogéz Determlnatlon of lltter compoS1tlon was based Qn

'“_a separate subsnow sugface collectlon of lltter at the

\\

hummocky lnten51ve study (51te l) meadowr Each of ‘the ten

ZOXSO cm samples collected was 1dent1f1ed as belng -of

hummock and hollow orlgln, The lltter was" sorted 1nto o -

umonocotsh forbs, woody plants, and mosses, oven drled at

°,

85° C for 24 ‘hr; and weaghed to an accuracy of 0.1 grams.yﬂ

e /

Sprlng meltwater redlstrlbutlon \and/potentral removal

o

of meadow lltter was. studled at the h&mmocky 1nten51ve study

7!<s,1te 1) meadow in 1972 (6 - 11, July)-and in 1973 (18 - 26

June). Water-borne.litter was,collected from‘rlvulets by

'means of 25 litter'traps (Fig. 37). Each trap was ZOXlO cm

in ‘siz2 and con51sted of 1 mm? plastlc mesh The traps were: =

l:secured to the ﬁrozeﬁ/ground w1th nails and had a collectlonf-

\\ .
\ -

: \

4-}

aperature Qf 15 cm w1dth Traps were cleared of all the -

N e

lltter collected over a 24, hr perlod and retalned in a o

?\ rlvulet untll its water flow ceased completely Dlscontln-

: -~
\UltleS in J&vulet flow patterns‘made 1t 1mp0551ble to~-

. - RN
\ - . S L

>
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Figure 37.

~

N

thter traps’ (left foreground and background

fused in collecting spring meltwater ,transpo ted

litter, at ‘the hummocky }nten51ve study (site 1)
mea ow 1972, o : P o S
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calcuIate the meadow surface area over Wthh lltter was, wf = b
Recer - _
being collected and redistrlbuted The potentlal collect1on |

area of a single lltter trap was estlmated to. be 1 - 3m2

A.l974 estlmate of potentlal lltter removal from the meadow '5\4

site was made by Ryden (pers. comm. ) The 51ngle water outlet

channel (west 51de) from the meadow \was monltored w1th a_
collection trap and only the total lltter collected over

the spring me&t per1 d was measured .

SR : Organlc Matter X -
. . 4

Sedge moss meadow soil organlc matter measurements were

-

based on a single harvest” perlod (August 19&2) §01ls were

analysed from the hummocky (51te l), frost b011 Cslte 13),

and wet (51te 18) meadows. Collectlons of screened (l mm2 ..ﬁlw§

mesh) root core washlngs (see belowground productlon__

i
- .

/ .
methodology) prov1ded the data on soll organlc matter content._

Te

. N . . . ,r s - . X Ly s ‘,
Results S S, - v e T '\
—————— 3 i - .. R . \
~\._.,‘ . e A"V. . . '.- "ﬁ ‘ . e . \\"
e -Litter _"_ ' : N
C R . . ' . . . . ) R . to - . .
Peak meadow lltter standlng crops were measured 1mmed-1'_ B

1ately after snowmelt and ranged from an average low of
6 g/m? at the wet (51te 18) meadow to a hlgh of l%{i/m

-~ the hummocky (51te l) meadow (Table 25) _Meadow lityer o y

.o S,
\ - . .- -

2" : :
content drop ed to 3 5 g/m ,'respectlvely; by mid~ August.“
- L Y

Seasonal litter welght attritiore was on the brder of 507 of

o

the peak seasonal welght and occurred at a xelatlvely unlform
Y/

- rate over the' grow1ng season..lelted late_;easﬁh (September)

\lltter data 1nd1cated llttle welght loss since August..The

PR >

. -. - L] . o o .



,Table-ZS Average (+§tandard error) monthly lltter standlng 0
: cr0ps ( ) in a frost-boil (site 13), hummocky "

/m
e (site 1% and wet (site 18) sedge mos s meadow/
o (n=6 - 16) 1970 ~ 1972. ~ .

Site Season o o - " Month e : S
T m June* ~July © .- Aiagust - September

» e

13 01971 7.941.3 4.440.8 © 2.5+0.4
1972~ 9.8%1.3 . 6.140.6 - - 4.4+0.9

. : |
1 1970}*:~ ‘9.6j1,9fl‘5'64l'8 4,041, 6;>:‘ |
| 1971 14-6+£‘5 16. 9+2 3 4.140.7 3.330.7
;~1972;* 710. 9+1 7‘\ 7. 3+o 9. 6572+1.3" . L
e A - oo L - 3

18 1971 6.4+1.1  3.0%0.4 ° 2:3+0.4
1972 ° 5.8+l.1  5.0#1.5 2+1 2 \ﬁbd/”

Mean . 6.1, 4.0 \",- 2?8‘ ‘_

%

. e \'A\




. *'Salix absent'from hummock.

Los

,during the - spring when. freeze/th;w conditlons would make_ -

175

overfwinCef.through compaction df the dead foliage andf

. the compacted plant material susc ptlble to breakage.

o 0

The maJority (49%0 of the hu vock litter was derlved

‘from woody plants and the majority (84%) of hollow 11tter ]

J\ K . o s

from monocots (Table 26) , ’ L

Plant component analyses of ‘sub- snowsurfaw-'

Total hummock lltter bxomass was 1502 hlgher than in .the

hollows

Mosses,

not - consxdered to b

of the lltter, made up 5 - 7%°of the/lltter weight.
- -

-Tabie’ze. Ry
o hummgck (n=5) and hollow (n=5) litter samWgty@d
. (g/m“*standard error) from the hummocky intens
. study (site l) meadow . 1971 . .
Habitat Mean WSlght : Compositlon (%) 4,ﬁ”
P (g/mé¢) "~ Monocot Forb 'Woody Plant - Moss
 Hummock*.  6.41#1.57 33 - 15 - 42 10
Hummock**  12.97%1.27° 20 . 22 53 .5
Mean '9.69+1.57. 24 20 49 7
Hollow 3.93+1.40 . 84 6 10 - 0
| Combined 6.87+1.37 38 17 40

*% Salix-presenc on hummogk.

natural?.component\\

o~

The accumulated lltter collectlon for the sprlng lltter
S~

traps averaged 1. 7 g/trap for the six- day perlod in 1972

and 1.2 g/trap over -a nlne day perlod in 1973 (Flg

38).0.'

Both year s lltter collectlons revealed the peak perlod as-

c01nc1d1ng with ‘peak rivulet’ flow._thter,reg}strlbutlon
) .o . . o . P \‘ _." T

- based on an area of 3'm

qu.ax

"and on an area of 1 m

5
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wéé.ll%r Meadowviitter losg from the conmunity, by way of
.the stream‘ouCIet, was' measured as 0.I'7% of tné total litter
biomass. " ; “
. Organic Matter
'Soil organic matter conent (23 cm depth) of the hummocky
intensiVe study (site 1) meadow was 28600 g/m? and lO‘bO g/m?
.at'the frost?bnil (site 13) meadow (Table 27). The wet (site
.VIS) meadow ' s organic content (26 cm depth) was 13400 g/m2
Oréanic content of the mésic'Fibric Organo Cryosol (site 1)
-was 115% higher than in the wétter'Fibric Gtgano Cryosoi of -
/ the wet méaaow and 175% higher than thét of the Gleysolic
wc ~Cr'yosol' of the frost-boil meadow. Moss and monocot
b ‘Flan 'material were the majorfconstrtuents’of‘the’soil
organic matter. Max1mum depth of organic matter acc;;ulatlon
at the wet meadow was 50 cm and of this, approximately 504

was frozen.

Discussion '

oLitter

The iitter standing crops.of the lowland meédows were
apnrox1mately 20% of the total ﬁttached standing vascular
plant blomass. These data suggest a five- year turnover réte
(attached - lltter)for the meadow vegetation, This is
identical to the calculated turnQVer'rate based on pneng—'
logical data. Simiiar me adow vegetation'turnovegvratesAhave'
been.reportequfrom low arctic mea&owé (Dénnis and Johnspn
1970, Johnson and Kelly 1970). Aleksandrova (1970b) found - -

- N

‘tundra grass and sedge leaf detachment occurred after

N

/
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[

’
\ .
4 = 5 years. A relatively rapid, turnover of the aboveground

me adow bloéess would insoreArapid nucrient recycling. This
w0uld help to offset the gvowch limitations imposed by a
nutrient lathed environment. The low peak litter biomass
content (6 g/mz) of the wet meadow may héve’resulted Efom
extensive"littef removal by fast flowing water streaming
Chrougﬁ the comﬁuﬁity during the snowmelt period. Continued
submergence of the litter matefial_in water would have contrib-
uted to a greater'weight loss fromxieaching. The measured
,growing season litCef weight a&trftion of 50% was consider-
.. ably bxgher than the lSA annual’ decomp051t10n weight loss
.measured by Widden (1976) The -discrepency in lltter welght'
loss may be explalned by an 1n1t1al overcollectlon of. lltter
in the late sprlng The very wet condltlons during this perlod
may have caused the older dead but attached leaf material to
lie on the moss and become collected as litter. Morpholog-
ically it would not have been identified as.littef.
An averaée pbak meadow litter standing crop of 6 - 12 -
g/h was conSLderably lower than the 14 - 37 g/m reported
2 (WLelgolask1 l971a) for comparable IBP tundra communijties.
> These lower litter values in. the lowland meadows may in large
part .be attributed to lower me%dow biomasses and productlon,
‘less dense plant growth a 1ower plant canopy, and a predom-
1n?tely monocot composxtlon to the meadow vegetatlonb )
- Microhabitat characterlstlcs have a def;nlte influence -

on a meadow's litter content and a larger surface area cover

by hummocks would contributé to an increase in -the community

-

.,
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T signtficant meadow factors in the formation of litter.

180

»

litter content. Hummock dwelling forbs and woody plants are

deciduous and have an ennual leaf turnover. HolloL monocots

‘are also deciduous but their dead follage remains attacheﬁ

.

‘for-a number of years. v“' ‘ . - k u.k

Although litter is oartially (4 - 11%) redlstrlbuted
witnin the‘meadow oomplex, llttle (0.1%) Qf xt is actually
removed lrom.the community “Litter samples showed less” than
1/ of the plant material. as belng green, 1nd1cat1ng that in

the sampled meadows graZLng dld not make a 51gn1f1cant

~contrlbntlon to the litter component. Grazing is however an
¥

1mportant factor in the ‘Titter component of more lnten51vely
grazed meadows,(Hubert 1976) . Snow compaotlon\and sprlng

meohanioal breakage‘of:dead tlssue_appeared»to be the most

. ’ . L4
- : : ‘Organic Mattér - -, L e

Weadow soll organlc matter ‘content ranged from 10400 -

“
Pl

28600 g/m . Moss and vascular plant tlssue would have

-

contrlbuted an addltlonal 15 %.;In a low arctic sedge meadow
Haag (1974) found soil organic matter‘oOntent,to'total
23000 g/mz. Comparable Eurasian tundra meadow. sites had

24400 -- 29500 g/m2 (Vassil jevskaya and Grishna 1972) Annual

A

reat accumulatlon in the lowland meadows would be- of prlmarlly
o
moss materlal in the upper 5.cm of the soil and of vascular

'plant material in the lower SOLl proflle. Soil peat content

1ncreased w1th depth as a result of compaction. Accumulatlon

cof organlc mdtter in the lowland meadbws was Lnfluénced by

low soil temperatnres and high soil moisture levels, both of

. B .. - N7
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which contributed to a reduction in organic matter decomp-
-

osition. Annual peat accumulation at .the wet (site*18)

meadow was calculated to be 6 - 8 g/mz and Pakarinen and

»

Vitt (1973b)had Lalcgll'ed it as beisag less than 10 g/m

tor the lowland meadow communities. The Fibric Qrgano | .
-o

Cryosol soils have extensive peat accumulatlon throughout

«

%heir pfofiles, wnilevthe"CieysolicLStatic Cryosols have
it cwncentrated'in the“upbef 15 - 25 cm of their proflle.
No buried organxc layens were - found in the" lower mineral
‘i[o%t1ons of these latter 50115. Thgs would suggest that the
.development of a vegetatlon canopy has rroceeded w1thout

'maJor disruptions. The most®abundant bxomass and production-
o [ . . .

was generally_associated~with'meadows‘possessing Fibric

"Orgdano Cryosols. /

_ PLANT CANOQPY- gy
¢ . -
Chlorophyll content of arctic monocots is higher than

in eomparable alpine species (Tieszen and Bonde 1967).
' ‘ »

Simila¥ily comparative photosynthetic. capacltles of Oxyrlal
‘digyna are hlgher in arct1c plants than they are 1n alpine

ylants (Bllllngs et al. 1971) The shortness of the’ arctlc

growing season (ca. two months) has neceSSLtated more

efficient photosynthe51s and-a greater Synchrony between

.
~

communlty chlorthyll and biomas’s content . Such high & -~
correlations between bommunity‘ch&orophyll-and bioﬁaés*ha&é

been found in low arctlc meadows (Tleszen l972b Dennls and

Tleszen 1972)

s



JThe ;lant canopy of arcti meadbus pVOvlaes u-cbaruct@r-'

IV

1sL1cally‘extenstve rlant’ cover but’ ts low and ;oorly (twé .
tier),stracixied. Leaves of the meadcw sregies°mre 5enerally
thin and mure thap 50% of che fpliage 15 jocated In the

o ‘e

lower 5 em nt Lhe Lnno;v (Tiesz%y 19703 The lack of any,
N o Yo »
;rununnued Canopy stratification_gq.evxdenced in°the 1ow

leat area xndicc! reported for arctic mtadow commurijties’

. . o
(Dennis and,Tieszgn'1972 MJC 1973). bwndow ;lants are g
ext remed v efficient in 1nLerLerting 1nt0ming :ddiJLlon agpd

“

only a small portion ot th%oradiptgon reaiche s Lhe 5rohnd
.0 . s

snxtdce (ligszen 1970, Addxsmn Pgib) 'The success ot_arc&ic :
ngddow ccommunities is in: ldrge Jart due’to thelr efficient:
o E) [}

Lt i Xédtlon ote xncomxng radiatioRn. ) -
. Q s ¢

(%

(nmwdndtxve lant éhﬂO\VObtUdXLS wx&hxn the lowland
I ¥ 1§

meadows goncentrated on communxtv and srecxgs chlorophyll
1=1

[ e

content., -communitv photdsvnthetl leat - drea 1nd1ces,¢§hd 2o,
o 5 E ‘"o s

s;ecles leat Srlentatbon. The mSJorxtv oI these, SLUde
o

.focused on Larexostans s the domxnahtvmeadow vusgular specxes.
‘ 2 ol o - o‘o I . . s
Me thods ° , o : V.

)

<

> 5

> - Chlomyh}ll"c’ . '

° Duxxng the l971 groaqu seasnn Exsshe chlororhvll

determlﬁataons were gnade on a coﬂmung&v (mg/*{Q and‘;pec1es

D

(wg/g dry photbsynthetxc CDSSUQ welght) basxs for Carex

o ] Q s

stans; Qi membranaced’, c. mlsandrab Eritop ho rym in g_stlfoilum,_
o N ¢
E.‘trlste, Arctagrost;s la51f011a Péiygonum Viyiparum,°and :
o g <

salix arctlca. gampllng was carried out at .the bummocky (51té ° -

1), fYostzboil® (51Qe 13) *and wet (51te 18) meadows " ared -

Il B - (. © 1.'

5 N : S E

“ - . B B
o . : ° 4" . 3 . = ! Q-

e
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JconSLﬂted of weekly trlsffcate 20X50 cm‘abovegréund samples .
colfA/ted W1th1n staked 4X8 meter plots at each meaddw.

,In 19?2 tissue cHlorophyll content was only determlned for :'
'nggg.égags and weeklv sa pllng consxsted of trlpllcate.
collectlons.of ten plants each from a hummock and hollow
habléat at the hummocky and forst b01l meadows and from av

submerged and emergant habltat at the wet meadow Chlorgphyll

measurements of Carex stans from,the greenhouse con51sted 3

or harvestlng 25 sedge tlllers at the peak of the growing

season (mld-Augdst) ; = e e

. . .
c’a

The harvested shoot materlailwas sorted by speCLes/&nto
$

N

d E ',,

“Tive andidead components One ngm of photosynthetlc tlssue

e B
~r
- -

~ ’ PR

was ewsed for the"chlorophyll extractlon and the remalnlng o

green. leaf materfal was’ welghed fresa\and pressed for: Sub- ro

&

‘sequent t'issue m015ture (%) and leaf area (cmz/g dry wt) a .

fdetermlnatlons The chlorophyll sample was ground up w1th°!

°
oo

a mortor, and - pestle, chlorophyll extracted with 50 .cc of
HOZIacetone tor 24 hr, and the’ extract flltered th%ough .z

Whatman #l-tllter Raper Degradatlon of - tlssué\chlorophyll

4

by rlant acids, llght and ‘heat (Zschelle and Comar 1941)

4-\
was Kept at a minimum by USLng alka&ln@ (MgCO ) acetone and

P

maklng all col’rlmetrlc analyses under subdued llght condl-'

tLons. The extract chLoroPhyll ‘content (A optlcal denS1ty)
: R
was read at wavelengths of 645 my and 663 mu-on a Spectronlc.'}

.

20'(Bapsch.and Lomb) colorimeter. ChlorophyLl content was

.

. . ‘ (U .
calculated on. the_basis of Arnon's\(l949) formula:

R , }J
0.2 g;ODeég +. eOZ'x OD663

et



-+ 'Chlorophyll content was,gken recalCulated;on a tissue~weigh€f
‘basis. . e S S . : . S
) . . " . .

,Leaf Area Index
Photosynthetic,leaf area measurements were taken on the'

;ClSSUQ remaining from the chlorophyll analyses. A photo—

electric planimeter, 51m11ar to the one described by éonovan

[b]
ot

L,

al. (1958) Green leaf area measurements ‘were made on -

a(\)-

S ngex stans tillers taken from the greenhouse at the peak

/ LY

of the growang sedson (mid August) in 1972. Accuracy checks <
of the photoeledfric leaf area determinations were made w1th

graph paper ‘measu ements of monocot\\§orb and woody plant

h " - .
leaf samples (n= 20) Both sets of area measurements were .-
}dentical for forb and woody plant leaves but monocot leaf

//areas were being photoelectrically)underestimated by 15%«

This measurement error arese from leaf overlap. All ph0t£;>
metric monocot measurements were corrected accordingf; and

“all. leaf ;reas (two Sides) expressed on-a community ba51s.

Leaf area index = LAI. ‘

e : 7

' Leaf Dlsplay : p .i .

Leaf 1ncl1nation angle measurements (1972) were taken
eXclu51vely from Carex stans tillers on hummocks and in -
: = ‘
hollows at the hummocky.intens1ve study (51te 1) meadow. \\\f

In each weekly sampling (n=3) all attached leaves (n_= 13)

of ten»tillers, from each of the microh bltats,,were
identified as being totally“dead, partua. \ photosynthetic,.
‘or totally photosynthetic.iAnglesfof‘orientation frory the

: .horizontal were taken for each leaf (Fig‘ 39).‘..' A .'-
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Results

. :’. Chlorophyll |
.In 1971 less than 10% .of .the chlorOphyll co talned in.

the overw1nter1ng green monocot tissue (Flg‘ 40) w£§ f01nd
to show post snowmelt deterIOratlon Rapld ‘ménocot chlorophyll
synthesis was 1n1t1ated 1mmed1ately after meadow snowmel? but *
a 51m11ar development in the forbs and woody plants ‘was not
measureable untll early'July, approx1mately two weeks later
ngh communrty chloxophyll levels pere malntalned in the three

/ meadow conmunlty types through late July and early August |
dropplng sharply by’ mld August Peak communlty chlorophyll

'content ‘was’ 162 mg/m “at the frost b01l (51te 13) Weadow,‘ -
262 mg/m -at the hummocky (site 1) meadow and 283 mg/m ‘t:

’ the wet (site 18) meadow Monocots contrlbuted 85 - 90%_of:“
the communlty chlorophyll at. tﬁe frost b011 and hummooky

‘meadow and approx1mately 95% at the wet meadow. The seasonal
(l97l) pattern of communlty chlorOphyll contentzénd green

i.shoot blomass (Flg 34) showed a 51mllar seasonal. development."
(orrelatlon of communlty Chlorophyll and photosynthetlc 1eaf

al area 1ndex proved lnSLgnlflcant (r=0. 59)

Overwlnterlng green monocot tlssue retalned 3.8 mg/g

of chlorophyll. The peak ClSSUe chlorophyll content of Carex
sLans wa5}9 3 mg/g at the frost-boil (51te 13) meadngfg\O »
'mg/g at thefhfmmocky (site l) meadow, and 8 3 mg/g at the,%et
- F /
(51te 18) meadow. Peak tissue chlorophyll content(of Sallx
érctlca was 6 4 mg/g/at the frost hoil meadow and 7.3 mg/g

at the hummocky meadow. Comparable Polygonum v1v4parum
N
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chloroph&ll content4in_these“twoimeadows.wasllq:éuand.llfl'

' mg/g,rreSpectively' Tissue chlorOphyll a:b'ratios in all~l

‘three meadows ranged from 1 l 1 - 1 5 1 and- showed no -

'\\pronounced varlablllty over tne season or from 51te to 31te
';\\ ‘ Carex stans tlllers grOW1ng in’ hollows and submerged 453

N
habltats malntained slyghtly hlgher (l -2 mg/g) tlSSUE/

chlorophyll levels than did tllﬂers in the~hummock and

' emergent habltats (Flg 41) Max1mum tlssue chlorophyll
. o

peaks in all three meadows and in all habltats, were . reached-x-'

by early August (1972) Overall Carex stans . chlorophyll

-

content was hlghest in the frost boil meadow and lowest in.
’.the wet meadow In the fleld greenhouse at the hummocky

‘ lnten51ve study (51te l) meadow,, peak Carex stans leaf

¥

‘chlorophyll levels were 22 F 32 7 higher. than those of the
’controls - ‘; t ; :-ﬂ' _-,m' S ‘31 S -'i;
o [ Leaf‘Area""Index.' e e
Photosynthet1c leaf area 1ndlces in .all three meadow'f
COmmUﬂltleS had .a relatlvely llnear seasonal 1ncrement. Peak
communlty photosynthetlc leaf area 1nd1ces developed by early
~August and Were 0.31 at the frost b01l(51te 13) meadow,_O 38
'fat the wet : (51te 18) meadow and 0.63 at the hummocky (sité l)

\meadow‘ Ind1v1dual Carex stans tlllers had photosynthetlc-5
2

leaf - areas ot 8 cm2 in the wet meadow 7 em© - in the hummocky

meadow and 4 cm2 in’ the frost b01l meadow (Flg. 42) Hummock

habltats appeared ‘to. favor greater tlller leaf areas s Carex
. .
- stams photosynthetlc 1eaf areas, in the fleld greenhouses,

a

\were 23 - 36A~greater than. those of the controls.fg;r
v .. :
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Figure 42, Individial Carex stans tiller.

photosynthetic leaf areas (cm?) in
hummock (solid) and hollow (broken)
_habitats at sites 1 and 13 and in
emergent habitats at site 18 1972.
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e . - Leaf Display

»
.\

. Attached leaves on .a Carex stans tlller had angles of
Ve "
orientation prOportlonal to thqlr,pherologlcal stage of

':; . development (Flg ~43).- /gtally/photosynthetlc leaves were
: dlSplayed at an angle of 75° ~ 80°; partlally photosynthetlc
—~ leaves at 60 e 70°? and totallywdead leaves at 30° 40° in
;;1, hummock habltats and at 10° in' hollow habltats The angle of
| leaf.orlentatlon remalned fairly constant over‘the course;of _

the/grOWLng sepson An average Carex stans tlller grow1ng]on

/%//a hummock had 26% of its leaves dlsplayed at angles of ° 75 -
90°; 30% at anglee.of~60 - 7S°, and 44°gat4angles of 0° -

- | o ‘ . - o
' '60°. A-conmparable composition of leaf display in tillers .

;

. growing, in hollow5'were 20, 29‘ and 'S1%, respectively-"
Fhe average vascular plant canOpy helght of the lowland
meadows was less than lO cm. Monocots domlnated the upper

‘;'5" 10 cm of the canopy and COnStltutéd 82/ of the total
.vascularoplant cover. Forbs -and woody plants domlnated the

‘ @@“ilowerli/c; of the canopy and contrlbuted lO and 84, respec--

\/{ '»;iv3;§; of the\ plant cover.:-

-\
\
N

piscossion T IR ' Lo -
‘ © Chlorophyll L | »
Peak communlty chlorOphyll levels of 161 —’283'mg/m2,' ilt.
the lowland meadows,'were con31derably lower than the 1301r<f i
760 mg/m2 reported for low arctlc meadows (Tieszen: and
Johnson 1968) Peak communlty chlorophyll content 1n.the

meadow at Barrow was 458 mg/m2 - and 329 mg/m at_Prudhoe,Bay,
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Alaska (Tieszen 1970). Lower (50 - 75%) stem densities in

the lowland meadows would'account for the majoriportion of -
this dltielence in commun1ty chlorophvll content. Temper-
ature (lxlend 960) and soil nitrogen levels (Haag 1974)

are further conslderatlons in understandlng communlty
'chlqrophyll dxllerences. Low (< lO C) lowland meado; can0pv
temperatures and low soil nltrogen levels mlght also have
contributed to lower chlorophyll production.

Nggpow monocots overwxntered with an average chlorOphyll
contenl of 20 mg/m2 and were therefore able to become photo-
b\ntnetlcallv actlve at an earlier. date than were the feorbs
and woody plants. Although chlorophyll develOpment in these
two latter groups was later in. its 1n1t1ation, it proceeded

at a taster rate and peak community forb and woody plant
chlorophyll levels were reached by late July Peak monocot
-communit\ chlorOphyll levels were not found until early
August . The forbs and woodv plants,ioccupylng the lower half §
of the plant ‘canopy , had to maxxmlze their foliage chloro—
'*hxll content ‘early in the seeson to counteract the shadlng
effect of monocots later in-: the season. A sxmllar seasonal
stquence of plant group chlorophyll development has also
rlbeen f ound (Dennls and Tleszen 1¢72) in low arctic meadows.
The relatively short (one. week) lnterval in the deveIOpment
.ot pltant group chlorOphyll peaks correlated with the synch—
rony found, in lowland meadow communltv chlorOphyll and blqmas
peaks . A decllne in thée meadow communltv chlorOphyll 1evels>'

by\mid-August c01nc1ded w1th declining incoming . radlatlon
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© levels and ambient temperatures (Courtin and Labinme 1976).
Svoboda (1974) found similar developments in the community
chlorophyll content of lowland raised beaches.

TQQ‘ZZ - 32% increase in chlorophyll content of green-

house Carex stans . tillers was attributed.to the increase

{77 C) in canopy temperatures. Such higher temperatures

“ould appear to stimulate greater tissue and subsequently

i

greater chlorophyll, production. Under a raised beach tield -
greenhouse, Svoboda (pers. comm.) found that the tissue N
chlorophyll levels increased 25 - 100%. Higher tissue .

¢

chlorophyll concentrdtions in Carex stans tillers were’

' x A i
considered to be adaptations to more stressful habitats.

Tillers growihg in hbllows and.submerged'habitats;:aé'well\\
as those in the more alké{}ne soils of the‘frost-boil meédoy,j
weTre considered to be growiﬁg under environmehtal scfésées; {
The highef tissue chlorophyll levels would allow these ., ‘
tillers to photos§ntﬁesi2e at rates comparable to thcse\of
tillers grd@ing in more gptimal microhabitats; ,
MeadOW'peak’tissué chloréphyll:levels éf 7.3 - 11.1 mg/g- ey
were cOnsidérably higher'than the 3 - 4 mg/g coﬁtent_of raised
beach cushioﬁ plants. (Svoboda 1973) . At\Barrow, Dennis'égd
Tieszéﬁ (1971) fdhhd méadow monocot ana‘forb chlorophyll
.levels of 5.0 - 7.5 mg/gs.The soméwhat'higheficthEOPhyll
,level; of the meadow planté may be used Eb insure maximum
photosynthesis at the lower temperatures found in these
_communrties. |

The' 3.8 mg/g of chlorophyll concentrated in -the over-

y
A .
oo . - - »

\
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Qinférﬁﬁ% green monocot tissue, was ass@ciated'wich the
yéungest leaves. The majority (90%) of this chlorophyll was
retainea.after snowmélt. At Barrow, Tieszen (1972a) found
almost total deterioration (photoxidation?f&pf this component .
Seasénél tissue chlorophyll levels (8.0 - 9.3 mg/g) in Carex
stars were considerably highér than those (6.1 mg/g) in C.
‘aquatilis at Barrow. This would suggest that the high arctic e
monocots have develobed the capacity to be more efficient in
concentrating and retalnlng thelr tlssue chlorophyll and in
‘this way be able to malntaln photosynthetlc rates comparable
"to those oi low arctic monocots- Photosynthetlcally high
arctic C. stans and low arctic C. aguatlll appear to posgess
similar properties. Mayo et al. (1976) found the llght compen=
sation level of lowland C. stans to be 0.01 1y 1\%and itrs
~‘max imum photosynthetic rates to be 16.8 - 21.O“mg/§m2/hr.
These are similar‘to the light compénéation 1évels‘and
maximum phoﬁosynthetic rates repbrtéd (TiQSZen 1972c¢) fof
low afctic C. aquatilis. L . ‘ | “

The chlorophyll content of meadow plants was higher
than that of chlorophyll b.,The“seasonal chloroph?ll a:b.
ratios of 1.1:1 - 1.5:1 wete similar to the 0.9:1 - 1.8:1

tound (Svoboda 1974) in ralsed beach cushlon plants. In
low arctic meadows, ratios of 1.5:1 - 3.2:1 have been .

found (Tieszen 1972a)- This may be a further eCOphy51olog1cal
response to the latltudlnal gradient between low arctlc and

'hlgh arctic meadow environments .



lLeaf Area Index -

The 0.3 - 0.6 photosynthetic LAI range in the ‘lowland
meadows s broportional to meadowhgéem deﬁsities: Thg ’
hummocky meadow, with stem densities approximatély 1 00% hi;her‘
than those of either the frost-boil or wet meadow, had a
similar 100% ihcrease in community photosynthetic LAI.’A‘
similar explanation may be applied to thé lower leaf area
indices found inshigh arctic'meadows as compared to low
arctic meadows. ﬂg the lowland raised beach community, the
sparse veggtatioﬁ cover allowed for a leaf area index of
only 0.1 (Svoboda 1972) . At Barrow, rxesqen (1970) found
that the leaf area of dead shoot materxal was equal to that
of the live- component. Using this extrapolation for the low-
land mcadOWb, would3providéﬂa’total LAI of 6.6 in the frost-
boil (site 13)'meadow; 0.8 in tae wét (site 18)‘meadqw; and
1.3 in the-hummocky (site 1) meadow.

, - : i ’

Communityv chlofophyll and‘LAI_shOWed a négativé cofrel-
dtlon but did malntaln an overall similarity in their

s
~ seasonal development. Under greenhouse conditions, photo-,

svnthetlt leaf areas of Carex stans 1ncreased by 23 - 36°

aud equ1valent increments were found for tissue chlorophyll
_contqnt. Ihe higher (7° C) greenhouse canopy temperatures
were considered to be responsible for thesd increases.
.Slmxr/; greenhouse leaf area increments haVe been found at
»Barrow (Tles?en 1970).

The relatlvelv low (< lO cm) meadow ‘plant canopy he1ght,

ldw (1100 - 2200 stems/m?) plant den51ty, and low (58 - 86%)
. '.' .‘-‘V B i { -

i
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plant cover woulkd contribule to a mipimum ot inter- and

" 4 o

0
(ntra-specitic plant competition. Tﬁﬁs.would~hclp explain
Lhe”relatlguly minore« (< 10%) annual - variation fourd in

. . . . . : ‘
meaddow Biomass and production. At ‘Barrow, the meadow plan:
., . o, " ' . :

‘

1

canopy was slightly less thay 15 ¢m high (Caldwell gg‘ﬁi{>>

1972) and sLen%(hn1si(itzs we re «n1't&m-c3rder of 4,300 stems/ V.

< .
N . “

L2 Wennis and Tleszen "1972). Fieszen (1972¢) found that

o e v 0
the increased leat shadin&“regucvd photosynthetic efticiency
.ot [} ]
o “
(o] oy g N . Q

in the lower canopy by much_ds 58%. Even-in the less

. . . " . ) " l ey .
dense and shorter lowla most of the .

incoming radiation was interce i\ reached the

the lower canopy levels offget and potential shaNing by
. o, s - ° . ¢ . ’

monocots through an earlier development of péak ti?

L, 5 } , N Q

:chlorophyll levels and maintenance ot higher tissue

1

~

phvl! levels. ‘ - 2 °
. G . v o \‘. . o

o .Leaf_Displa§>Zf '
° PMOLusynthetfcally active leaves constituted 49% of

A

leaf combkimeht"of;Carex stans tillers . growing in hollows

Y

and 66§<of the Héachomplime%t of hummock tillers. By
fmaintaiAing their angles of\diépl%y betweeﬁib@o - 90>, <hese
TTeaves uérg more'gfficiéﬁtﬁin thezr‘;ntérgéptioq bfcincqu§g~
éolér radigtian. At.Bar;ow,:me§d§¥rmonocob leaf d?ébléy was |

- .

generally at angles greater  than 607 and -in Qgrexl?gyatilis

. - Y . @ ,
‘and Dupontia fisheri were fredominantly at 70° - 80° =
° ’ ] . . ; ° : . N »
(Caldwell et al. 1972). ) ) : : .
N 9 ‘\\ ° ¢ ‘ . ¢ <
Totally dead C. stans leaves were displayed at angles
. —_— 3 [ - .ap
“ ’ L.} ;
vy
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‘lesd thannfé)()w and SO%.Of sdéh-leaves on hollow .inhabiting

v

Atlller% were prostrate on the moss surface. The lower 1eaf

]

angles and prostratlon were caused by the wetter COﬂdlClOﬂS

of the hoLlow habltats. The wetter ‘and more ext6n81vely.

”

leached leaWes of hollow ‘tille'rs werejflso structurally
.0', 4 1

ueaker than their counterparts on hummock tillers. They
Were theretore more susceptlble ‘to belng broken oft and

‘becomlng lncorporated into the meadow lltter at an earller
‘ ™

. stage 5f thelr'deve10pment: .

' ’ ° S . )

”"‘ . CARBOHYDRATES

Malntenance of hlgh carbohydrate reserves by arctlc
plants is~a maJor phy51olog1cal adaptatlon to surv1val in
such a harsh envxronment Plant,carbohydrate_levels‘are
Aknown (Mooney'and BillingSl960) to increase at lower

temperatures and under condltlons whlch reduce aSSLmllatlon.

.These condltlons are chargcterlstlc of- those under which

<

'.arctlc meadow Spec1es grpw Retentlon of hlgh belowground

°

ta1bunyuTaL€ TESETVES prov1des'tne meadow Species Wlth the
ablllty to 1n1t1ate rapld growth early in the growxng season.
(arbohydrate accumulatlons are also 1nvolved 13 the develoP-
k’ment of frost -hardiness (Parker 1963, LeV1tt 1960). -

Ehe Lharacterlstlc carbohydrate reserve development in

meadow plants con31sts ‘of an- early season depletloq‘igggE%red

> a
reserves; followed by a bulldug of carbohydrate reserves in

‘aboveground tlssue, and a subsequent late ssfson transloca-

t 7 ;ﬁ/ot these abovegromnd concentratlons lnto belowground
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. sinks? The hlgh (85/) concentratlon of meadow blomass below-,;
'ground provides an exten51ve sink for such reserves. Seasonal

bcarbohydrate cycllng in meadow sedges (Carex membranacea and .

S C. stans) was examlned on a: morphologlcal baSlS of canbo-
hydrate allocatlon Studles were also conducted on the

‘ettect of habltat and phenologlcal deveIOpment on carbo~

LN

hvdrate Ievels 1n-varlous Ch‘stans tlSSUE.

;. .5 o | Ry j ‘.' , o .
Methods ‘_ o e e o
‘Carbohydrate analyses cf4tafexumembranacea (1970) and:

'Q; stans (1971) tissue{’were'based on.plant material
collect®t From ZOXéO XtO cm deep sod ‘block samoies;(n=3)f
:extrahted'from a permanent'4X8-meterdplot at the'hummooky
:1ntens1ve srndy (51te 1) meadow. Sampllng was carrled out
‘:at Lhree day ;ntervals, 1970 and at 51x day ;ntervals ip
1971. In 1972' the C. §£§g§‘carbohydrate sampling was takenk‘
at 1rregular (ca. > 1 week) 1ntervahs. Analyses of carbo- |

hydrate content lﬂ phenologlcally dlstlnctlve C. stans tlllers

» ! .
1y 20) Inter=

4‘_0&1"ng25@!‘] on DD]AL two ha_t\rcdf'c (June 29, July 20) .

meadow*C sStans carbohydrate varlablllty was studled at the
hummocky (51te l) and wet. (51te 18) meadows and was based-
on two (May 15, June 16) harvests.

All the harvested tillers were washed 1mmed1ate1y after‘

CHEN

‘coliectlon and d1v1ded into shoot, rhlzome, and tlller e

i

components{ THese components were not. further subd1v1ded

into live and dead fractlons In the 1972 harvests, the-

tillers were 1n1t1ally sorted 1nto groups. mature tillers,

~
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«mature tlllers with a basal tlller bud,’ young tlllers,.\

qQ -

t1lle# buds, and flowerlng tlllers. Mature tlllers were

“'deflned as those w1th one ‘or more season s attached dead

elfollage and young tlllers-as those w1thout any dead follage

. Each group's Llllera were then d1v1ded into leaf stef base, v
- d . Do

"rhlzome, root,'tlller bud ‘and floWer compdﬁents

Fhe varlous tlssues were"flxed' 1n

80% ethyl alcohol as descrlbed by Fondal

ln the. laboratdry,_the 1nsoluble tlssue'

prepared -sample was. flltered out; - dried

_and ground upfto pass through a 20 mesh

hot alkallne (Na2C03)
and BllSS (l966)

at 80° C for 24 hr,

screen ‘The ground

t:ssue was extracted in- ‘a fresh 80% ethyl alcohol solutlon

<

.Ior 6 hr on a boxalet extractor. The extracted and orlglnal

.aolutlons were comblned for further analy51s. Insoluble dry

)wre51dues were welghed (O 1l g accuracy)

saccharlde (sggrch) analy51s._

A S

@

Ihevalcoholve:tract solutdion was purified with”lead

subacetate (Ward and Johnston 1962), filtered; and brought

o.

and\ifored for polyj o

1(< Sg) in each fleld-h

- up to equal volume The quantlty of reduc1ng sugars (mono-

-sacchardles) 1n each sample was determlned in dupllcate,

u51ng Nelson s (1944) arsenomolybdate colorlmetrlc technlqué.

i

v-Readlngs were made, on a Spe\tronlc 20 (Baj%ch and Lomb)

colorlmeter, at a wavelength of 600 mn

Thi wavelength was_

found to pr0v1de a better sugar clalbratlon curve, for low

:sugar concentratlons than did the waveleﬂgth of 540 mu used

.bv Fonda and Bllss (1966)

Mlld hydroly51s 1 N HC1 for 20 min in an 80° C
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‘-Q

- bath) dl an extract subsample broke down ollgosaccharldes

g xnto monosatcharldes. Monosaccharlde levels were determlned

' ]

by the procedure descrlbed in the prev1ous paragraph Warren

WJlson (1954) tOUnd that»the monosaccharlde dlfference B

-

g .between unhydrolazed and hydrollzed samples was .an accurate

.mtasurement of ollgosaccharlde content.

a

Po]ysaccharjde (starch) in the 1nsoluble tlssue reSLdues

o

.were 1vdrollzed w1th o= amylase, a substltute “for the.

°

tGkadlastase orlglnallv used by Ward and Johnstqn(l962)q
Monosacch descwere extracted w1th a fresh 804 ethyl
A alcohol soluthn on Soxalet extractors .and. measured as.

before L : =°T ) : Lol S
o

All of the carbohydrate concnetratlons Were expressed
as - mg/g oven drv alcohol 1nsoluble dry tlssue welght. Thls

1s the most W1dely used llterature expreSSLOn or Carbohy—

N
@

drate leveis Ln plant tlSSueS. Recently, meown and Tbeszen

(1972) have shoun that "this method of" expreSSLng carbohy-

. «
drate concentratlons may result in values 200% hlgher than

Y.G

those expressed on a- mg/g orlglnal dey. welght ‘basis. Soft
/

CLSSUQ breakdowu and exces51ve extractlon of cell contents
Q

Aappear rprOHSlble for these drscrenanCLes. U51ng the 1972

v,samples, lO/ of the unpurlfled extract of 30 Carex stans

[S

tlssue samples was. allowed to evaporate in pre welghed watch

) glasses. The drled re51dues from these samples 1nd1cated

that 25/2«6%/’6f//l)

orlglAal tlssue dry welght had been

'dlssolved;ln the alco ol.b he‘alcohol~1nsolnble tmssue dry:

‘weight (residue) expression_of’darbohydrate’content for the

o " . . : - ) . . e
'b,- . ° . . ~ ’ ) . . '
- . . : . ! . B LA
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Carex stans was Lherefore ZSA hlgher than 1f 1t had been

expxeSSed ‘on & mg/g orlglnal dry welght ba51s.‘

" W‘,"
i Results -‘;7:\ | T o ‘“. i ..IJ-”

OVeL the course oL the growrng seasOn Carex#membranacea .

.

o

"nd b;.éEdnﬁ tlllérs Showed a’ trend of depletlng thelr P :'. :

\ ~—~

belowground carbohydrate reserves early in the season and
. ‘ p .

reha;ldxng them toward the. end of the,season (Flg-_44).
Early season shoot total carbohydrate levels were less than

SU mg/g and were 20 1007 hlgher in roots and rhlzomes..,*s

Both sedges malntalned seadonal rhlzome total carbohydrate N

reserve levels 25 1507 hxgher than ‘those in roots. B

t( to peak seasong shoot total carbohydrate levels Were 80~
; 140/ hrgher than those 1n belowground structures..In both

Specles early season total carbohydrate COHCQH!IPCIOHS were

B ,,Al7% of - the tptal*tlller welght and 1ncreased to 24% by the
\\_\/ ¥ ”
pe&k of the séason. In the late stages of the grow1ng season;

LS

the aboveground belowground carbohydrate levels were approachlng

5 .

.thS@ L()uncl in. the earIy'part OIZ tne season ‘Inter ClSSLle

Lranslocatlon or carbohydrates produced the observed

seasonal dltterences in carbohydrate levels." . ? : %d
RIS ;

'.Post snowmelt Carex stans tlller total carbohydrate

levels were approx1mately 204 hlgher in l972,-than ‘in, 1971.
\o slgnlflcant change was found in the carbohydrate contentv

of sedge tlllers between mld May and m1d June but post snow¥'

{melt tll]er carbohydrate content dropped by 10% (Flg.-QS)

s ‘_The-carb hydrate 'eglme of sedge tlllers was 51m11ar in: 1971

-
o
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-and 1972.>A pre snOWmelt comparlson ot'carbohydrate content
'1n tillers from the ‘wet (site’ 18) and hummocky (site- l)
“meadows showed Llllers from the latter 51te to possess
k\ tarbohydrate leve]s AOA,hrgher in thelr shoots and roots
nd 1404 hlgher in thelr rhlzomes. . . S e L‘h
e l:- lhe average post snowmelt sedge starch (polysaccharlde)
.COHLLHQ was less than 10 mg/g A pronounced and rapld con-"

/

‘ verslon ot sugars to starches occurred over the grow1ng
E“season and" rahsed tlSSUe starchslevels to 30 mg/g ln'
roots, 60;mg/g in rhlemes, and 20° mg/g in shoots (Flg. 46)
Rh1<ome and . root starch levels equalled or surpassed . tlSSUE:
.sugar levels by the peak of the season. Average seasonal'
‘sugar starch ratlos ranged from 411 20 5:1 in shoots
W2 1L - 2 6:1 in rhlzomes, and 2. O”l 2. 3:1 1n ‘roots.
edge tlssue sugars.were prlmarlly’(987) of ollgosaccharldes

vnd showed seasonal ollgosaccharide monosaccharlde levels

bf 12 1 - 29 '5:1 in shoots 24 - 77:1%in rhlzomes and "/j .

40 1 44 b L ln roots. bhoot monosaccharlde levels were A

el ﬁ‘tures;’
Early season mature_amd mature W1th basal bud tlllers_
had onlv sllghtly (15% )'hlgher shoot carbohydrate 1eve15»;

,Lhan were found 1n young tlllers. Thelr stem base carbohydrate

concentratlons were however 51gn1f1cantly (550 - 665%) hlgher

nw( lg C4T7). Mature tlllers w1th a bud and young tlllers were

tound to have 160 ‘ l70/ more belowground carbohydrate

-erves. than were found in mature but unreproductlve tlllers.

-
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vMili;raHs of Catbony&rate/Gram,of‘dlcohOI I:-s:

5 16 15 20 25 3¢ 5 1C 15
S “July : R Aurust ’
5éasona]vchunﬁés'in Largﬁ memb ra.acea

(closed) and C. stans (orer) sloot,
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Figure 47, ’ Seasonal changes in the monosaccharide rlus oligosaccharide (open) and
” . polvsaccharide (blocked) content.of.Carex stans tissue in phenolegically
- distinctive. tillers at the hrummocky intensive studv (site 1) meadow 1972.
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Im tillers with a bud, the bud carbohydrate levels were

slightly higher than those in the rhizome. At Ehe‘beéﬂlof

the season, sexuaily and asexually reproducti?e sedge shoots,

had higher (75%) carbohydrate content than did shoots of

'nmn-rep}oducéiQe tillerss Stem base carbohydrate levels

were‘simTLariiy higgér (50%) but the reverse was found in

a comparison of 1hxzome (70/) and root (20/) carbohydrate

concent rations. Flller flower and bud tissues possessed

s{milqr carbohydrate conrent.‘Young sedge tillers had a

higher (50%)»carbohydrateJQEntent,jthaﬁ,did mature ti%lers,

in their belowground structures but lower concentrations

in their shoots (252) and stem baseé (85%) . | |

Discussion . o A . : ' \
'Thg early season. depletion of belowground caerhydrates

in sedge roats an rhizomés coincided with intensive post-

snéwmelt §ho§é growth. Rhizdmes, by virtue of pheir,higher

(25 - 150%) carbo?ydrate content, apheareq to be more

important reserve ! sinks than were roots. Their location at

the moss/soil interface would provide'thém an early spring
thaw and allow them to actively translocaté carSohydrates
Lo the_sﬁooté well before thé~rooting ;§nefbecame tthég;'
Koot’cérbohydrate feServes might therefore.-pkay ‘a ﬁofe
'importqnﬁ role‘inishoot growth later bn in tHe growing
" season. Replenishment of the carbohydfate content of thesé
belowground structures did not. occur until after peak seasonal

abov@ground growth had been attained.
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Cook et al. (1962) fqund replenishment of depleted

- i

beIOWgr und reserves vin temperate monocd@ﬁ‘*@b occur when

4 critidl carbohydrate depletion threshold was reached

é .
This crthcdl level was on the order of 20 - 30% of the.
“maximum carbohydxate reserve. The comparable critical’ level

calculated for Carex membrggacea and C. stans was on~the'

nrder of SO - 60% of the max1mum carbohydraté\reserve. ]

Ma1ntenance of such a high cr1tica1 level would appear to

°

be an addedfmeasure of protectlon agalnst serioys. reserve
depletxons which mlght be difficult to- replenlsh durlng

such .a short grow1ng season.. Sedges overwinterlng w1th lower

root and rhlzome carbohydrate levels might also develop a-

v

"lower degree of frost hardiness and experlence a reduced

ability .to initiate and maintain an active level of early

RN

season shoot growth.
Lower temperatures, as found in‘the latter part of the .

‘meadow growing season,-appear to act as’a stlmulus for below-

ground carbohydrate accumplatlon (Spomer and Salisbury 1958

Fonda and Bllss 1966) A significant reduction in" shoot

5rowth at thlS tlme must also play a role 1n 1n1t1at1ng\‘r

\ [

txanalocatlon\of carbohydrates irto belowground structures.”; o
.fhe overall meadjw sédge carbohydrate cycle is similar in , \\>
its seasonal dyﬁahlcs to the one found in- raised beach plants'
(bvoboda 1976) to the one in lowuarctlc monocots (McCown

and Tleszen 1972); and that of ‘alpine sed ea (Fonda and

B1lss 1966).

Abovegroond sedge shoot growth and translocation of

—



~ - , o 209

* belowground carbohydrates, as evidenced by\Ebeir seasonal

depletion, to these tissue appeared to be interrelated. In

both Carex membranaceg and C. stans, belowground carbohydrate
deoletions became substantiaily reduced when 75 - 80% of the
seasonal{shoot‘growth wasqcomplete,.ﬁilliogs and Mooney”
(1968) indicated that such tfanslocation in arctic plants
occurred until 80% of shoot growth was complete. Jeokin
(1972) found that in sub- antarctic plants translocation
contlnued on until 75 - 90% of shd‘i growth was completed
The seasonal growth of root and rhizome tissue was.
conSldered to have its maln developmént in the latter part .
of the grOW1ng season.‘In _many plants aboveground tissue
- growth has a prlorlty over beIOWgrOund growth (Wardlaw
K\j968) Late season belowground tlssue increment would
enetlthnot only from the decrease in aboveground demands‘)
Eor carbohydrates but also fro

.

location of carbohydrates 1nto'these

the more pronounced trans-
lowground sinks.

Average sedge tiller total- carbohvdrate 1evels rose

—fromsan early seasoh Valle © ot the tota er weight

sto late season levels of 24u. It was found“that tlller

carbohydrate reserves increased by 20% the year after an
earller and mllder grOW1ng season. Such an increase might
explain the higher sedge flowering-rates which also-found
following such aﬁ§earlv and mild season. The s%?stantial
(40 ; 140/) 1ncrease in the carbohydrate content of wet
meadow sedges as compared to those in the hummocky meadow

»

was considered to be a response to the colder soil - .

) . IR
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temperature rcgimes found in these me¢adows . These hLbhe

“

drhohydfqie Levels were also retletted in htﬁhvr sedgq J\\

- v

tlowering raLes in the wet meadpw. [t would appear that

of

carbohydrabe content and fldwering, in meadow  plants, w e

closely associated with one anochér. T .
h

. The 17 - 24% §arbohydrate weight content of sedge tillers
s almostvhalf the carbohydrate content (30 - 407) reported

_(McCown and Iiﬁszeu 1972) for low arctic monocLs but 1is

]

similar to the 18 - 20% foutd in ,alpine sedges (Foﬁﬁa ~and

o

Bliss 1966). Carbohydrate vels of rdised beach plj:f .
lson

were slightly less Lhan 10%. (Svoboda I97A) Warren

v

‘(1966) 1nd1categ that the average carbohydrace fontent of
° [
arctic 5pec1 es was on the order, of- 15 = 30%. Lt would

. o . ° - «
appear that a dependence on carbohydrate reserves was of

greater importance to arctic meadow plants than it was to

2

raised beach species. In large ﬁart this would be associated
/ 2 0 . :
-with a growth strategy which concentyatéd its biomass

. 0 Q
belowground (meadow species) rather than aboveground (yaised

s i . . . .
3 ] - . i L P

growth have been found necessar; ln‘order to offseé Tow ’
levels of nltrogen avallabllltv (Graber 1931; Black 1968).‘ L
The. 1low nltrogen levels in the lowland meadows (Babb and ’
Whitfield 1976) may,well be an added stinilus for causing
«ﬁeadow plants to devéiOp substantial/carboherate reserves.
OVefall seasonal sugarisqarch ratlios were lower in

. . L I 4\ : . .
aboveground ti%sue than fhey were in belowground tissue.

Starch’ content of overw1nter1ng sedge tlssue was less than

9 © - s e 4
’ Q

ES .
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lSZ bf;the total'carbthdrate gontentw Higher tissue sugar

‘concentratlons were found as&oc1ated w1th colder temper—

l_ \";\

atureﬁ and were conS1dered to be 1nvolved in frost hardiness

deveQOpment. Substantlal star«h hydroly51s was found- to i

o

occur as temperatures dropped in the latter part of Ehe

g}oulng season. Earller on-in the season,'the warmer temper-

AN

atures appeared to favor sugar to starch conver31on. The

°

hlgher sugar concentratlons in- the shoot tlssue were inter-

preted as prOV1dlng a more moblle-ggrbohydrate resource for,v

'_orowth These carbohydrates would also be more ea51ly trans-

: :located belowground at the end of the seaSon. ngher starch

N [
concentratlons in belowgreund tlssue were considered. to

% .

“prov1de these tissue w1th a hlgher energv source for thelr .
nro\\th later on 1n the season. .
The hlgh (SSA of total reserves) tlssue carbohydrate

content @ontrlbuted bv sugars, in overw1nter1ng sedges,\‘ o

was as%OCLated w1th thelr 1nvolvement in developlng frost
B -t {é )

‘bardlness. Increased cellular sugar levels are known to

o

\uncrtase a,Ccll's osmotlc pressure and prov1de protectlon

-

against protein denaturation (Levitt 1956, Levitt 1960).

?

Ihls uould occur -‘as a result of the reduction in the
“——’K . , o ko) .

.
on the other hand would have served as nucle1 for such

in rormatlon of lntra-cellular ice crystals; Starch granules,

cellular ice cr\stal formatlon and lmpeded frost hardlness.

e ~

Parker (1963) found that hlgh tlssue sugar levels at the -

beglnnlng and end of the grow1ng season were characterlstlc

- ~ . . .,‘ X a
I,

)

Vl zlng F01nt ot the cell sap as well. as’ through a reductlon‘

N g
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of plants thCh were capable of developrng frg/t-hardiness.

-
-

@

The hlgh (98%) ollgosaccharlde comp051tron of the

A

sedge carbohydrates appeared to be characterlstlc of. plants

‘with carbohydrate cycles.‘SLmllar concentratlons were |

.reported for ralsed beach species (Svoboca 1972) alpiné

: (Fonda and BllSS 1966) :and temperate (Mlller 1924) Spec1es.

[y

Quch hlgh ollgosacchardle levels: would bb expected since
the bulk of the carbohydrates occur as sucrose..

Aboveground carbohydrate concentrations in mature sedge

. tillers were 30 - 665% hlgher than those ‘in young tlllers.

'Slgnlflcant aboveground carbohvdrate levels were found in

all tlllers only after the full leaf compllment had been

devloped. Belowground carbohvdrate levels of the young .

tillers were 80 - 100% hlgher than those in mature tlllers.
T B S ey
Rhizome carbohydrates were 50 - 70% higher'than those.id

roots and appeared.to be the main energy resource for the

-

& .early season shoot growth in the young tlllers. Russell

k(quOg l948) found 51m11ar hlgh belowground carbohydrate*.

reserves in other arctic Spec1es whlch were undergOLng

actlve shoot growth In temperate mgnocots, hlgh rhlzome‘

carhohvdrate levels are consrdered to act as a stlmulus

lvfor tlller and bud - 1n1tlatlon (Jameson 1963) o - o

3

Vature tlllers hthh were not repxoductlve, were , found

" to possess the lowest carbohydrate concentratlons in both -

aboveground and belowground structures. Rootless young .

tillers were - found to have high carbohvdrate levels in thé&’

rhizomes. This mlght be 1nterpreted on the ba51s of



Lhat tlme (Shaﬁer—and Bllllngs 1975).‘Slmllar11y,_ Jower

rhlzome and. root- carbohydrate levels in mature tlllers w1th
\
developlng tlller buds/@ould lndlcate a SLmllar carbohydrate

dependence. Ln te;berate monocots, Wllllams (1964) found
that buds and tlllers readlly 1mported carbohydrates from
more mature plants.'Such a. carbohydrate relatlonshlp
betWeen sedge tlllers at’ dlfferent phenologlcal stages of

development would 1nsure greater tlller surv1val through

maXLmum efflclency in utlllzatlon of carbohydrate reserves.-

Reproductlve sedge tlllers were found to lncrease tbelruwmw;wg

aboveground carbohydrate reServes at the expemse of below-

‘ground tlSSue At peak season, belowground carbohydrates:‘

o
ta

in fhese tlllers were 70 lower in rhlzomes -and 207 lower

8.

in roots than were those'of comparable non reprodC&tlve

tlllers Carbohvdrate levels were sumllar in both flowerlng“®Q~

“and, veuetatlve bud tlssues. Consrderlng that meadow sedge
flowering is almost totallv: nsuccessful carbohvdrate

expendltures in sexu&l rep uctlon appear hlghly 1mpract1cal

Flowerlng rates atre low and the majorltvﬁof reproductlon 1s;"

- by vegetatlve means. Lew15 et al (1972) found that fallure

“to set seed in Phleum alpinum resulted in, the Glller s . death

_but also 1esulted in the 1n1t1at10n of another0t111e1 off
4 . .

-1

o

b



the dylng tlller. Although thrs relatlonshlp was not
,examlned in the sedges,»rt&was observed tﬁ%t the maJorlty ’
'of tlllers on. belowground systems occurred 1n dlstlmctlve.'
clumps. Thls could. be 1nterpreted that the same proce;s )
occurs in hlgh arctlc sedges and that 1t 1nsuf/; that the,\f
ultlllers energy 'and nutrlent resources are used todmalntaln
T‘the t1f¥er1ng system. C ;" . f~ Ln:” v -

_ . S , o
o CHEMICAL COMPOSITION el
Energy (calorlc) conteﬁf'of arctic vascular plants 1sw
‘hlgher than that of tempexate and trOpical spec1es (Golley
1961 ‘Bliss 1962b) High tlssue energyalevels and low seasonal'
--varlablllty of thls component are 1mp0rtant adaptlve features
cof arcth meadow plantg) , l‘ 4 . -Jl,fﬂi~° N

Low 5011 nutrlent avallablllty, especrally of nltrogen,

has " been con51dered (Russell 1940 Por51ld 1951) a maJor 0

o L4

’ l1m1tatlon in arctic plant growtb Arctlc plants may, howevergl

[be adapted to grOW1ng under low soxl nrtrogen avallablllty fv'

-(Sav1le 1972) Although the ma jority of the meadow nutrlent
.pool was frozen in the»permafrostZ meadgm plant growth )

‘u’appeared'to indioate efficientFutil}zat;on of the ava11able>

.'5011 nutrlents. | | | o |

- Seasonal chemlcal content of low arctie meadow‘plants

has been widely” reported from a number of areas (Kovailna :

11958 'Pleperl9b3 Wlelgolaskl 197lb Scotter 1972 Haag

‘1974) 8011 nutrlent content of low arcth,meadows has alsol 'Qs.

been studled (Gersper 1972, Haag 1974), Equlvalent hlgh arctlcv

=

e
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'_culated from the Welght of post combustlon re51dues.
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udata have \been presented by Buntlng and Hathout (1971) and

[N

eters~(l976) . o

Energy¥Content

energy coﬂt%nt determlnatlons were made on

'tlssues pf the maJor meadow speCles (Carex stans, Carex

<

»membranacea, C mlsandra, Erlophorum angustlfollum, Arcta-

grostis 1at1folla; Salgﬁ.arctlca, Polygonum V v1parum,

'

r

iE isetum arvense, and Pedlcularls sudetlca) at the hummocky

e,
©

blnten51ve study (51te 1) meadow. Analyses were made on plant

_ materlals collected for productlon studles (n 5 harvests)

f ‘

_Soxl organlc matter and lltter were also analysed from each

jharvest. In 1971 energy content was, Gnly determlned for

'_llve and dead Carex stans shoots collected ;n early,npeak o

4[
N

,All harvested tdllérs were sOrted°intowlive Shoot, dead -

shoot llve stem base, dead stem base, total root thizome,

: and dead plant components. The dried (85 C for 24 hr) plant:

materlal.was ground_onia_WLIey.Mlll to{pass-through:a ZOImm

mesh and duplicate SampleS'analysed'for'caloric'content (1%

”standard error) on an Automatlc lZOO Adlabatlc Oxygen Boqb

.-

Calorlmeteﬁ (Parr Instrument Co., Ltd. ) Ash content was

“_‘( _ei_i I ”‘Chemlcal Content

Only Carex stans, the\Homlnant meadow Spec1es,prov1ded

s

suff1c1ent materlal for chemlcal analyses. These analyses,

made on 1970 and 1971 tlllers harvested for productlon studies, .-
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} Agrlcultural Chemlsts (1955). Tlssue proteln content was. g

.-content.was less than ZA.

vmeadow spec1es was feported in an earller paper. (Muc 1972). 2

were carried out by the 8011 and Feed Testlng Laboratory of

g the Alberta Department of Agrlculture, Edmonton Analytlcal

methods used were those of the. Assoc1at10n of 0ff1c1al

°

equal to tlssue nltrogen cmntent X6, 25.~A11 values are L

' expressed as a- percentage of total dry welght.j'

ey . - : . . N N
. . R !

Results "f,:_»'v o .

Energy Content 7fg1$‘

Intersxte and seasonal varlatlon in. meadow plant energy

i

Woody plants developed the hlghest

energy content and pterldophytes the lowest (Table 28) The

lenergy content of 11ve and dead monocot and pterldophyte

tissue was simllar but the former tlssue had sllghtly hlgher .

(2 SA) energy ‘content 1n forbs and woody plants. To\ally

"dead plants were of .a sllghtly hlgher (4%) calorlc content

'cthan were totally llve plants. Energy content of 1nd1v1dual

e
Theoseasonal energy content of the meadpw 5011 organlc
AN .

matter averaged 4837 cal/g and was only sllghtly (3 54)‘ -
hlgher in the upper 10 cm of - the proflle (Muc 1972).-Meadow >
lltter had an’ average energy value of 4868’cal/g and 1t

ranged from an early season hlgh of 4963 cal/g to a low of

4673 cal/g by ‘the end of the season

ot ‘.i Ash content of the meadow plants was low 'and ranged from 7}

1;9 " '6.6% in 11v1ng plant materlal to 3 6 - 6 44 in dead
plant materlal Wbody plant: tlssue had the lowest ash content

and pterldophyte materlal the hlghest. Extremely hlgh ash

sy



',‘Tablev28. Average seasonal non~ash free\ energy (cal/g dry

: " .wt) and ash (%) conternit of aboveground .and- below-
round components - of major meadow plant groups .
%hummocky 1nten51ve study meadow,,SLte L) 1970

P

aace Plant Component _— Plant Group N ' ' g
: o » Monocots Forbs- Woody Plants Pterldophytes

Live shoots - 4785 4965 . 5100 ,“jf' 4586
. . (ash) . 40 . 5.2 3.8 6.6

D;ad/éhOéts. 0 4777 4743 5002 . 4507
‘ ‘ o ‘w(ash), f4.5.“?’e5,6;i,‘ -{5.?’ ("_f' v-é;4'
bstemSii';;-!-f  -4'¥55789J" a '_Tj;f5165 e

Roocs:}' -~ 4670 4703 .. _ 5i06 -
e | u, :(ééﬁ) 7ne'3;3jf;.74Q4j"ve '4.0‘e‘>
”kh;zbﬁes”a “f .v.'<4650~ o
C e 27 |
Total live plant - L_4734‘ ~r48041‘5' 5071 ;.',t*"asajef
. . (ash) :.;.3.7_‘ | 4;4 1.';“3,4,ff : : ,]6;§
A~ Iotal dead plant 4901 - 1 o " _5282' - :

(ash)“' 5.6 . 3.7 1 .
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'levels of 14 31% were found 1n the 3011 organlc matter.
_ _ -.Chemlcal Content | . u“ . :
Data on the fail (August - October, 1971). chemlcal—w—~—-_7"”‘
: content of " aboveground meadow plant materlal were based on |
‘materials collected by. Ben Hubert (Table 29). The plants'
'.were not so;ted into llve and dead components and the latter
'materlal made up ovéé 85% of the tdtal plant welght. Forbs |

]
had the hlghest nitrogen, ca1c1um, and phOSphorus content.

b,WOody plant and; forb 11gn1n content was 195 and 854, respec— S

:tlvely, hlgher than in monocots. WOOdy plants possessed the
nhlghest lipid (fat) levels Fall nitrogen, phosphorus, and
11p1d content of meadow plants showed an overall gradual
3decreé3e. Tlssue lignln content of woody plants and forbs _.7

. o
: 1ncreased over the same perlpd Calc1um levels showed no:

e con51stancy in. thelr deveIOpment and appeared to 1ncrease

in forbs and decrease in monocots.

' Annual varlatlon in chemlcal content of Carex stans

tlssue was on the order of 20% and seasonal varlatlon was’
._on the order of 15% (Table 30). Chemlcal content of below-'b
‘ground mater1a1 peaked by early July and not unt11 1ate

July in aboveground tlssue Mld August decrease in the
BN -

'chemlcal content of aboveground tlssue was reflected in anm-

,1ncrease of these chemlcals 1n belowground tlssue Th1s was

- the revq;se of the sltuatlon found in the early part of the

..Season. . - e .‘ ] | B . N I

.Chemical.levels_(éXCIuding calcium) in“aboyeground:Carex,

stans tissue were on the}average»lZO%'highegvthan in below-



~ Table 29. ‘Chemical composition (%) of-total ‘(live and dead)
L ﬂi aboveground tissues of the three major meadow
. plant groups collected from 'various lowland . .
- hummocky meadows 1971 (Data provided by B. Hubert). .

.
e

[

~ Plant. = ‘Month oo  jChémical,Cdmpositionﬁ(%)'7
,GrQUp . : Ni’trbg‘en Calcium PhOS»phorus, Lipid Lignin

Forbs . August - 2.99 = °0.58 ~ .0.37 - 1.5 1.1
" September  2.94 ° 0.55  0.30 ° 12.7 . .

‘13.1:

o 0 W

1.
October = 2.00  0.88 . 0.20 -. 1.
1.6 12.3

“Mean - | Zi64 - 0.67 . 0.29
Woody August .~ 1.46° ° .0.86 . 0.15 "'2.2 14.6
: "Plants o B T ' ; =
coe September 1.42 - 0.96 - . 0.12 1.8  17.1

" October ~ 1.22 0,70 0.09 ' ... 26.9°

Mean . 1.36  0.84 - 0:.12° 2.0 19.5 .
| Monocots August  1.66 . 0.89  0.12 2.5 7.4
' September  1.30 0.86- © 0.12 . 1.5 7.5
ctober * ~1.14  0.47  0:09 1.0 . %.8

m——— . E3 —.

i

Mean - .1.37 = 0.74 0.11 . 1.7 6.6

foos ’ o
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Table 30.  Chemical composition (%) of aboveground and below-

o L round Carex stans tissues and soil organic matter

%hummocky intensive study (site 1) meadew) 1970,

»

. : 1971 S . : e :
Tiss - Date  Nitrogen Calcium Phosphorus . ?oga531um
' ABQVﬁ!ROUND 1970 . o A D e

Live shoots. 1-7 2.78 . .17 .- 0.28 1.66
' S 22-7 . 3.52 0.28 0.28 - 1.90 -
. 17-8 3.44 0.27 _‘0.29 . .1.86
° 1971, S . : . S
E ~8-6 2.69 -0.17 0.25 -
2-8 3.34° . 0.31 0.25
5-9. - 2.73. 0.17- - 0.29
_ . -0 1970 C \ o o '
Dead shoots 1-7 1.47 0.79 0.10 0.27
- -7 2.05 0.99 0.15 0.53
17-8 1.70 ., 0.87 0..10 ' 0.34
1971 ' ‘ . ) ‘ ' ‘
8-6 . 1.41 0.73 0.07 . E
y .2-8 . 1.52 . 0.99 0.09
5-9 . 1.36 . ‘0.86 ~0.08
: : 1970 . - o N TSN
Live stem 1-7 " 2.77 0.23 0.34 - 1.78 -
bases 22-7 3.34 0.25 0.44 2.39
S 17-8 2.48 ~-0.20°. - 0.36 . 1.70:
: ‘ 1970 o '
‘Dead stem~  1-7 1.33 0.76 0.07 0,13
. ‘bases .- 22~7 1.42 - . 0.69 - 0.10 - 0.24
o - . ... 17-8 1.25 - 0.70 . 0.10 = . 0.23
BELOWGROUND - : ) . ‘ , ' . s
: . 1970 - , S - -
Roots o 1-7 1.34 C.67 0.12 0.33
: ' - 22-7 1.23 0.37 0.08 0.33
17-8 1.30 0.32 - 0.21 - 0.42
s ) 1970°. _ N - : ‘
Rhizomes ~ .- 1-7 1.46 0.42 0.16 ' J.35"
o 22-7 1.22 0.35 0.12, 0.43 .
‘ 17-8 1.28 - 0.23 0.7~ 0.55
‘ - 1970 - v o : o
Dead plants' ,1-7 . 1.627 1.11 0.10 " ° 0.13
T ' 22-7 - 1.47 0.78 - 0.10 ~ - 0.17
17-8 - 1.33 " 0.63 0.13 ' 0.16
. 1970 - i o
- Soil organic 1-7 . 2.61° 2.06, . Q.14 0.10
matter = 22-7 .-2.58 1.90 0.15 0.15
. 17-8 2.62 1.74 0.13 . 0.12
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’ground tissue. Chemical levels in aboveground 11ve shoot.”
‘and stem bases were very similar as were those in dead shoot
and stem base tissue. Live above>round plant mate11al did
develop 95 - 115% hlgher nitrogen, 200 - 320% higher
phosphorus,;and 375 - 880% hlgher potassium.levelslover

those deveIOped in'comparatbtle dead tissue..Little seasonal
yariation) except in calcium, was found in‘the chemical.
content of soil'organiclmatter_(Table 30). Soiluorganlci

matter content appeared. to lose its calcium over the 'season.

. " Discussion

. Energy Content R S

o

The'rélatively stablé energy levels in‘meadow plants
suggested seasonal stablllty in the plant component. of the
meadow energy budget. The sllght seasonal energy changes
that were found could be attrlbuted to changes in t;fsue
hemlcellulose levels (Roshchevskala and Schwetsova 1970),
phenologlcal changes, carbohydrate translocatlon, and. tlssue
yllpld changes. Seasonal energy content of low: arctlc (Tleszen
1970) and alplne (Bliss l962b) meadow plants was found to |
vary less than 5%. '

The hlgher energy content of the meadow woody plants was
proportlonal to their. hlgher llgnln and llpld content. The
lower energy levels " found in belowground plant nategzal were.
due to the 10wer lignin’ and 11pld ‘as well as &1gher carbo-

‘ hydngfe, content of these tlssues. Slmllar abovfground and
"belowground energy dlfferences have been found n alpine

:meadow plants (Hadley and BllSS 1964) The_appa ent increase

9 .
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!
in‘pIant energy content along a latltudlnal and decreacqrg
temperature gradient may be explained on the basis of A
anreasing tissue lipid levels (Bliss 1962b Tieszen 1970)
The small (6/) seasonal change in energy- content of

meadow 1itter was conSLdered to, result from leachlng and

decomposition. The " 'slight (Q‘ 4%) increase in the energy

" content of organic matter in the lower soil profile may =

‘have developed through the proeess, reported by Malone and.'

out'(1969) of tlssue carbon concentratlon as a result

chemical 1each1ng On a communlty ba51s, dead meadow

" plant materials constltuttd a large energy Slnk The concen-

tration of over 95% of the meadow blomass belabground

insured maximum energy retention within the meadow community.

. Such energy considerations»were undoubtedly prominent in the:

successful development -and productlveness of these lowland |

communltles .

The 2 - 6/ ash content of lowalnd ‘meadow plants was

‘twice as high as: that of alplne meadow species (BllSS l962b)

‘but 51m11ar to that of Eura51an arctlc meadoﬁ‘plants

(Chepurko 1972) ‘The higher ash content of the lowland
meadow plants was developed from thelr higher tissue m1neral~\\\.;

content The high ash content in pterldophyte tissues were

-derlved from the hlgh silica concentratlons (Wllson and
'Loomls 1967) in their flber and epldermal cells. ngh ash

“levels .in the soil organic matter were a result of extra-

cellular mineral cOntam;natlon by the soil mineral fraction.

'.i'
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\ Ohe@léal Content ,
The aVefage fall lipid‘contentl(l.é -:ZfO%) of meadow
tlants was similar to thatvof.alpine meadow gpecies (Bliss
i;R96Zb) but considerably lower than the lipid content of
;Barrow (NmCown and Tleszen 1972) monocotsﬁfLow tissue llpld
leVels appear to be characterlstlc of. asexually reproéuctlve
.'nlantst(MgNalr 1945) . Beach ridge cushlon‘plants ‘had tissue
lipd levels of 2.5 - 9.7% (Svoboda 1974):‘Mon5cotﬁand forb |
lipid'contént detreaaed-ln the late fall, a pattarn similar
to that. fbund in® low arctlc specxes (Scotter 1972). This
decrease 1n lipid- content may have been assoc1ated with .~
‘ metabollc utlllzatlon necessxtated by/the low fall temper-'

' /
atures McCown and Tieszen (1972) found that pn low arctlc,

meadow monocots , hlgh sprlng polysaccharlde reserves

-used to synthe51ze a fatty ac1d pool for. eirly seas n
metabollsm Lipidsy although low in content appear-
,1mportant in arctic plant metabollsm and may be most s 1-
ficant in early and late seasomn metabolxsm.
Fall nitrogen and phosphorus l;yels in meadow forbs were
‘95>; 1657 higher than those of monocot and woody plants.vThe_
51mllar1ty in chemlcal content of monocot and woody plant

.
tissues, coupled w1th’thelr larger belowground storage ‘sinks,
suggested a'greaCEr'translocation of their aboveground .
N .
chemlcals 1nto these belowground tlssues

Overall meadow plant chemlcal levels were similar to

those of low arctic>meadows (Pieper'l963,‘Haag‘1974), The

pronounced fall decréase in tissue chemical content- observed

-
-



Q

- structures would ‘result i

a

/'sedges was 25 - 55% higher but may have reflected more

q . e v,

1n the lowland meado; plants appears to.be common'ln arctic

me adow species (Pieper 1963 Scotter 1972) Leaching and

decomposition (Widden 1976) would account for a portion of
, this change ﬁnd the remaining portlon may\ieﬂv1§'from a

translocation of aboveground minerals 1nto.helohground -
et [SGE
- B - S ' X
tissue. - : ’ : 1;»~$ﬂ;3 e e

"Live abovéground #@rex stans tlssues had 95’”¥&I§A ‘more °

nitrogen than was found in abovegromnd dead tlssuesq;Tpls
!
lndicated rapld nitrogen mlneraluzatlon lQ dead aboveground

tissues. The low tiss '1trogeﬁ levels in belowground

I

a decrease 1n the. daqomp031tlon°
[

r:aes of these;tissue (A1

g

ander l967) bedge*ﬁhosPhorus

han those of nltrogeq” a condition
B,

common in other low arctie (Haag g974) and- Norweglanoalplnee

,levels were'less Variable

P

(Wlelgolagkl and KJelv1k 1973) meaﬂow plants. ‘The more

pronouncéd seasonal dynamlos of tissue nitrg

Interpretted as .an 1ndlcat;0h tham this p

con51derable 1mportance tq.ﬁgadgg pl"~' ?T'“ ';?Low soil

levels of t‘(s nutrlent would be lkmlarng to me%ddw plant

growth, - - b ¢ . -
9 ' .

Lowland sedges had similar n?trogen, phosphorus, and '

pota551um concentratlons to those found in Norweglan alpine

‘«"’

(Wlelgolaskl -1971b) sedges. Calcium content of the, latter

‘ e e . 5

o e ’
Nxtrogen, phosphorus, -and potass1um were readily

: . ;

alkaline s0il conditions.

recycled through leachlng and decomp931t10n, in the meadow

o
. < i

[}
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Aplant tissue as the . more moblle elements were lost. Peak

x.
.
\'.

nutrlent pool CalCLum, a hlghly lmmoblle element, was not

readlly recycled and became a farger component of dead

e

. conrentratlons in tissue. chemlcal content occurred prlor

1 . «

to peak blomass development. Post blomass peak tlssue

chemlcal levels droppedfbv(§0m F condition attrlbuted to

freduced plant - growth (demand”)iandqgh? developlng pheno-1

loglcal changes whlch mlght 1nflu€nce redlstrlbutlon of .

.tissue chemlcals._Movement of tlssue chemlcals between

k‘b

aboveground and belowground structures was: apparent from

:the early and late season chemical data. ngh chemlcal

concentratlons ln belowground tlSSUGS at the. beglnnlng of

the season corresponded to lower levels 1n aboveground

ti ssues. The reverse condltlon ‘was found at the end of the . e
eason. Thls pattern of nutrlent utlllzatlon by meadow' .

plants would help to offset low 5011 nutrlent avallablllty.

The n1trogen»content of~5011 organ1c*matter was found

‘to be 75/ hlgher than that of totally dead plants. Meadow L

;plant roots, grpw1ng adJacent to thls nltrogen pool had

the level of avallable nltrogen regulated by the slow

(W1dden 1976) decompos1tlon rates occurrlng in thlS component.

"f . . -

'Organlc matter content was also 1307 hlgher in lGS calc1um.

content but had 254 less potasslum than wastound in botally
dead plants. Phosphorus release through decompos1tlon was
lower than that of nltrogen LHaag 1974) and %esulted 1n'

a 25 anrease Ln the phosphorus content ot 5011 organlc

matter over that found in totallv dead 1lants.'
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Hummocky sedge moss meadows had the hlghest levels cf
/

avallable soxl nutrlents (N P ) and wet sedge moss meadows \
ghe lowest levels (Walker nd Peters'1976) Max1mum avall—'
able nutrient concentra lons were. found in the upper 5 cm

Jof the 5011 proflle /Thls reflected the warmer 5011 temper-.‘
atures, lower. 301//m01sture, ‘and hlgher mlcroblal populatlons.,
'assoc1ated w1th these ipallow depths. Avﬁ&lable nutrlent
»levelS'drOpped 25 - 100% atothe'lower 5011 depths. Effeotlvel
nutrlent uptake and recycllng 1n the lowland meadows | ﬂ
~'appeared to be at 1ts max1mum in the upper 5 - 10 cm of the

- soil proflle. These factors were severely depressed at the

' lower 501l{depths,by not only lower'nutrlent levels but . |
also by‘a physiological limitation (Sdrensen 1941 Haagn
L974) to nutrlent uptake created by the lower 5011 ' .

temperatures. Max1mum belowground blomass concentratlon and

increment was also associated wlth%the upper soil proflle.
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R SUMMARY SRR B

_o' Sedge moss meadows were not only the domlnant Truelove'

~ Lowland plant communlty with‘Yespect to area cover. (414)_ o

but also in thelr capac1tv to maxlmize blomas“& emergy

productlon ‘and nutrlent flow. Lowland meadow development

- .

'was closely- assoc1ated with dralnage 1mpoundment a SLthatlony

e

,1n Drzas 1nteg_;tolla on th

Q
arlslng from ralsed beach formatlon. Radlocarbon datlngs of
. - 8
pea; depos1ts near ralsed beaches of kndwn age, 1nd1cated
7 \‘ -]

that meadow development began g QSOO 3000 vearg later.

At the present tlme thexmost intenslve meadow format}on .was -

R " G‘ . S . “..0"‘,

’occurring 1n the mosg recently em&rged portlonﬁ

r

coastllne) of the 1owland . 'j’, f-f-; ﬂ O v
o o . 6 s °. P - . 0:'

Temperature and- nutrlent llmltatlons to. plant growth,°

Acon51dered to be characterlstlc of the hlgh arcglo ecosystem,.

: afso operated ln/the meadow communatles. Wa;mer afr temper- :'

atures such as those dev lopad ln the fleld gneenhouses and

(-2

a .

o

xperLence water potentlal-p

« a

ght’) as severe as those measured

s

founq meadow~Carex stans to

stresses (phy 1olog1cal dro

o

dry ralsed beaches.

The lowland meadows dev loped along an 1ncrea51ng so%l‘

m015ture gradient . Frost-boi ’meadows W1th characterLstlc;:

prominent and poorly vegetated mlneral frost b01ls, 1nter-

e

spersed»amongst areas ofﬁorgan; matter acgumulatlon and

SIS



) frost boxl meadows .' f T ,“ A “:g,"i\A~

averaged less than 10° C and 5011 temperatures averaged less

xtensxve plant cover, OCCUpled a relatlveiy 'dry habitat.‘

‘Wet meadows developed w1th1n flooded habltats and cbnSequently

- < .
had ,a more uniform env1ronment whlch favored a lusher and }fia
~more’ homogeneous,plant cover“\The hummocky meadows had a DR

mesic type ~of habitat in wh 1ch characterlstlc hummock and

:hollow mlcrohabltats formed These mlcrohabltats had. assoc—h

lated w1th them, a dlstlnctlve pattern of rlant dlStflbUthﬂ

and cover. The hummocks were heaV1ly-vegetated with. forbs,

o °

fuoodv'plants and ‘monocots whllemthe hollows were vegetated

\

to a lower extent, almost SLngularlv bv monoc0ts.

A total of 34 vascular spec1es prov1ded the'overall
meadow plant dlver51ty.‘Carex stans was the characterlstlc'
’ .
lowland meadowxspeCLes. Spec1es dlversltv in lowland megdow :

stands ranged from l7 23 and vascular plant cbver ranged

from 54 - 91%. The most exten51ve vascular plant cover

ideveloped 1n the hummocky meadows and the lowest in the- -

-} - . sk

A deep (39 52 cm) snow cover prov1ded meadow %}ants

with an effectlve 1nsulat10n agaxnst the rlgors of a lengthv\ ~

R
arctlc w1nter Sprlng meltlng of thls cover prov1ded the - //

C .
i |

gmeadow communlty w1th the maJor portlon ot its soil m015ture\

- NS
P =

(Rvden 1976) Although 8fOWlng season air temperatures-‘» . ;.3\
)

than 57 C, Carex//tans was Stlll capable (Mavo et al. 1976)

&
of actlve photo§v6f3e51s at such low temperature reglmes.

'.V'Meadow soil thaw- was,most pronounced in the early part of

thé/grow1ng season when dncomlng radlatlon ievels were hlgh

y Co : . : : -
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Peak soil thaw (27 iﬁ cm) in. the 1ow1and meadows occurred

'/~by early to m1d August. Seasonal varlatlon in meadow 5011 '
thaw depth was less, than 10’ cm and the deepest thaw was -

found ‘in, the poorly vegetated mlneral frost- boil 50115. S

;ﬁ,édge moss meadow s0ils were elther Gleysoflc Turch‘
fLQ&stols, Glevsollc Statlc Cryosols,'or Fibric. Organo t" ,f
;/éryosols. The gleysollc 501ls were characterlstlcally deeper
'ithaw1ng, colder, and potentlally actlve (cryoturbatlon).

The organlc 50115 presented ‘a more opt1ma1 growth habétat
°‘and‘thls was ev1denced in a greatex rlant cover and. larger‘
'belowground blomasses. Frost bolls were the poorest habltath
‘for vascular plants and developed plant COVers of 10 15%.
'Hummocks were better dralned better aerated and wa{mer
vthan the' correspondlng hollow habltats.-Thls resulted i -f,;
- their developing a hlgher (ca. 50/) plant cover.‘ { s

K The average potentlal grow1ng season in the lowland

l"meadows was 50 days in duratlon but net posxtlve leaf length

_lncrement (= actual growlng season”) was only found 0ver‘20

days in forbs and, woody plants and over QO_days in monocots.“
.Seasonal meadowP:}ant growth'dynanics varied_littleland |
'growth\was found to begin~inmediatelwhafter snowmelt ™ (lat
:June to ‘early- July) and to termlnate (earlv to mldﬂ@ugust) \
{two to three weeks before the onset of pexmanent anlement
tueather. Growth was closeley associated w1th 1ncom1ng radl-.~
Cation and temperature reglmes.":_"ﬂ o ‘
l}The‘maJority (65,%_70%) of'tﬁé;sedge‘tlllers:were
cYumped in their-distributlon alongwthe.belowground tillerj~uuﬁ

-

’ . N : . .
oo C . —_— : . : : . 4 Y
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ﬂsystem.:Thls was 1nterpreted as gﬁow'in-g.thatnew'sedge‘w
't111ers were belng developed off (by7)'dy1ng tlllers.va
- reproductlve strategy of thls -ype would 1nsure greater . !
tlllering success. The establlshed root and rhlzome systems‘
of the dylng tlller would sustaln the developlng tlllers ”,iﬂ,
luntll they had developed ‘their own belowground systems.
Monoct leaves were ‘found to:remaln allve for two seasons
and to- remaln attatched for another three seasons. Tlller
life spans were estimated to be on the order of 5 - 7 years.“l'
Roots remalned alive'l - 3 years longeffthan thelr above-’
‘ground shoots and functloned 1n the formatlon of new tlller

<

Aestabllshment.

I

Vegetatlve reproductlon was %he most extens1ve and

.suCCessful me thod of reproductlon in the meadow planﬁs

'Flomerlng oc¢urred in: less than lO% of the meadow populatlon
]

lbut suCCessful seed set was never observed in the lowland'
neadows. The short grow1ng season‘dld not make sexual repro-

nduct;on.pract;cal:but 1ts occurrence.wouldamalntaln a potenf
htial for fgenetic .fvariabilitv'lf it should-ever'be‘needed;
’Flowerlng rates in a;y grven vear reflected the prev10us :
hs ‘
'~vear s cllmatlc condltlons. ngher flowerlng rates were

i

Q

found the year after an earller and mllder grow1ng -season

a

even if the season.ltself was-late and cool. The reverse
S1tuation developed after a late and cool grow1ng season.
ngher (7° c) greenhouse air temperatures caused sedge - D

jfloxerlng rates to double over those in control condltlons.

-This suggested thatrtemperature was a v1tal tactor fh meadow

'
g s




- 231" B

vflowerlng. Vo

Meadow monocots and for overw1ntered w1th an average

of 6 g/m 'of green (photosynthe :c) tlssue. Thls green

gcomponent prOVLded these plants with, the ba51s for initia- |

iting rapid early season growth. Peak total standlng cﬂbps'

in. the lowland meadows lndreased along an 1ncreasxng

4 moisture gradleng\ The" lowest blomass levels (821 g/m )

were found in the ’dry frost b01l meadow and the hi hesti

(2316 g/mz) in the mesic hummocky me;dow. Stagnant tersn

in the flooded wet meadow depressed ‘the vascular ‘bio ss.to

only 1570. g/m | o ‘ : |
'Of the total average meadow aboveground blomass whlch

| ranged from 170 -~ 282 g/m ) monocots contrlbuted 85 - 95%,;'

woody plants 0o - 10%, .and forbs 5% of t1e total biomass.

- In. the aboveground component dead plant materlal was 55 -

illS% hlgher in ltS content than széﬂmaterlal but - in the

‘belOWground componentvltww )gllghtlv (SA) lower. Total ’

-belowgronnd1st§ﬁ%{2§ﬁg;ﬁps averaged.bSl - 2034 g/m and-

repreSented 80 - 88% of the total meadOW‘vasculaerLant' |

-"blomass. Meadow roots were concentrated (80 L) ih the upper .

‘ *20 cm of the 5011 proflle. This portlon of the 5011 protlle

. -

represented the most Optlmal ggowth condltlons

ot the net abovegxound prOdUCthﬂ in the. lowland meadows,
70 -~ 95A was by monocots, 0 -25% by woodv'plants, and 0 - 5%
by forbs. Average productlon ranged trom a low “of 28 g/m
in the frost-boil meadow to a hlgh of 45, g/m _in the wet

meadow. Ihlswretlected an fhcrea51ng developmentrof'the
. ) . - B . . -~ . .
: . : : e

o
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“optimal habltat for Carex stans the domlnant meadow Spe01es.j

Corresponding grow1ng seasbn product1v1ty ranged from 0.54 -
0.88 g/mz/day. Belowgroqu proddwg;on was 200 e Zgb% higher.
than the aboveground meadow rodnctlon and was conSLdered
to have its maxlmum development in'the latter part of the p
growinghseason. BéloWground produCtion ranged from a low
ofn5l9-g/m2 in the frost- b01l meadow to a- hlgh of 128 g/m
.1n the wet meadow. " ThlS represented an average total,blomass
lncrementvof 5%,.Monocots contrlbuted approximately‘95%{of
‘the belowground-produdtiOn'and of this‘total>5i was-fromﬁ
rhizomelincrement Growlng season meadow product1v1ty
rangedlfrOm.l'l6 - 2 Sl g/m /dav. The overall total
l vascular productlon of the lowland meadows ranged trom
87‘g/m in the frost- b01l meadow to l74‘g/m in the w@t
meadow. Thi's: represehted a total productlv;ty of 1. 70 and
3. 39 g/mz/dav, respectlvely. .

Meddow litter standlng crops : had peakldevelopment-(o r
12 g/m? average) lmmedlatelyvafter'snownelt. Litter consti-=
_tuted approx1mately ?O% of the'total Shoot'biomass andﬁ |
| indicated a shoot - lltter turnover ‘rate of 5 years. Fibricv~’
Organo Cryosols developed 5011 organlc content “levels 30
175m hlgher than ‘those found in the Glevsollc Crvosols.
Assoc1ated w1th these former soils were lower soiil denSLtles
and hlgher-soxl nutrient, levels whlch helped to createia‘ '
moxe. Optlmal rootlng env1ronment. Root- biomass: was consequently
»llO - 210% hlgher in these 50115.

. N
' Y The meadow plant canOpy_was less.than 10 cm in-height
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and deve10ped only two dlstlnctlve ‘'strata. The 1ower -
.'st;atum was’ composed of forb and woody plant . follage and
‘the'Upper stratum of monocot foliage. The shortness of the'
" meadow growing caused a relatlvely parallel development and
peaklng of communlty chlorophyll content; photosynthe/ic
'1leaf area, and green. shoot blomass. Peak sea'son meadow
communlty chlorophyll content ranged from a low of 162 mg/m2
in.the frost boil meadow to a high of 283 mg/m in the .
hummocky meadow. Correspondlng 1eaf area 1nd1ces of communlty

'photOSynthetiC'materiel were 0.31 anva.63,.respect1ve1y.
Sedge:tiller tarhohydret% leVels ranged from L7 -24% of
,the total tlller welght and were found to 1ncrease by 20% -
after an earller and warmer grow1ng season. Eerly ‘season
oarbohydrate réserves were concentrated prlmarily‘inAthe
rhlzomes but aboveground growth was supported by. carbohy-
drates from both rhlzomes and roots. Depletion of these
belowground reserves cont}nued until 75 §OAvof/the above-
ground growth had been.nroduoed and it was not until after.
thiS'pefiod (latefSeaSOn) that the belowgfound‘reserves»were
rebullt bv translocatlon of. aboveground carbohydrates. Over-
w1nter1ng sedge tillers malntalned the bulk (90%) of their
carbohydrates as sugars. Durlng the course of the grow1ng
"season 10 - 607 offthe tlller carbohydrates were in the
form of high energxcstarches. Ollgosaccharldes were the
domlnant sugars. Carbohvdrates were not only lmportant in.

initiating rapid shoot growth meedlately after sanowmelt but

they were also crucial to the development of frost-haxdiness.



234

Seasonal energy content of the meadow plants varled by
less than 2% and the non- ash free caloric content was hlghest
,95175 cal/g average) in the woody plants and lowest (4815 |
.cal/g average) in the monocots. The hlgher caloric content
of the woody plants was proportlonal to thelr hlgher llgnln
'and lipid levels. The leachlng and decomposition 1ncurred in
:dead tissue resulted in their caloric content dropplng by
200 cal/g. Tlssue ash content- of the meadow spec1es was less
than 6% and hlgh ash content ‘was associated with high ,
;tlSSUG mlneral concentrat%on such as that found in forbs.

Forbs malntalned the - hlghest tissue concentratlons of
nit}ogen and. phosphorus whlle woody plants had the hlghest
: calc1um llgnln, and llpld levels. All of these <onstituents
were in lowest, goncentratlons w1th1n the monocot tlssues.

bedge tiller tlssues had low.(‘< 3.5%) levels of all the

chemlcals tested for. Tlssue nltrogen content was 170 -" f

o

Tk

960% hlgher .than that of pota551um, phosphorus or caICLum.
Peak lesue chemlcal levels develOped prior to similar peaks
in the plant blomass Annual variation in sedge chemical

loontent was on -the order of 15% and was 20% over;the:codrse

of-the,grow1ng season. Aboveground live sedge tissues had

a 120% higher chemical content than was round in dead and

belowground tlssues Nltrogen, phosPhorus,-and pota551um |

were hlghlv mobile tissue chemicalgp and were readily lost
from dead tlssue. Calc1um was hlghlv 1mmob11e and 1ncreased
in its proportional tissue welght value as these highly

,moblle elements were being recvcled.

N
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.Soilimoisture eonditions were considered to be the
single most important meadow environmental factof and.
regulated both communlty florlstics and vascplar plant
productlon. This. condxtion showed its maxxmum development
in the flooded wet sedge-moss meadow hab:tats where.the
maintenance.of a iowfsoecies diversity allowed for the
developnent of the‘highest meadow proﬂuction.'The highest
headow biomass content was found in tne,species diVers
hummocky meadows but.their production was lower because of
th1e dlverSLCy This developement between meadow spe01es.
dlver51ty and productlon is comparable to that prOposed
by Marglef (1969) for communltles in general.
The successfulness of the lowland sedge- moss meadows
was‘attrlbuted to.thelr eff1c1ent and conservatlve resource.
utilization. A schematic fepresentation of what are consi-

dered to be the ma jor energy and nutrient pathways‘and'

compartments in the sedge moss meadow ecosystem are showr

~in Flgure 48. Only 1 - 2% of the meadow blomass was -consi-

dered'tg be potentially’removed from the'meadow system. The

,majority of the meadow energy and nutrient resources were

retained within various'eompartments and recycled between
these compartments. Efficiency.in the utiliZation of resources

in this manner allowed the meadow plants to partially:counter-
act the effects of the short growing'seaSOn and the low soil

nutrient levels. .

.

Abovegtound, the ﬁajority of the vascufar-plaht energy

and, biomass was concentrated in the dead plant compartment.

.

~.

~~
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OE the live plant component, the majority of the reserveé
_were retained in the non- green stem compartment whxch was .
con entrated in the moss layer. Belowground the maJor
concentration of .energy and nutriean was maintained in the
.5011 organic matter and llVe rooprs . The: characterlstlc of.
concentrating biomass (=energy- and nutrients) belowground
‘was consxdered to be a promlnent adaptive and survival,
feature of meadow plants. This growth strategy allowed them
to survive and carry on growth under the adverse climatic- .
conditions characterlstxc of the ngh Arctic..
Meadow plants also appeared to have their seesonal

growth regulated, by as ‘yet not understood, 'Lnternal

controls'. This would indicate that the env1ronmentaf control @

t‘z,

of meadow plant growth was not as SLgnlficant as 1t might,
have been expected Internal control of growth would permit
the plants to grow to the point ‘where thev agcumulated
'sufflc1ent reserves (carbohvdgates) to 1nsure them of success-

ful’growth the followxng season. This maxlme growth level

L3

may have been 'set' to;operate under the most. rlgorous -

% ’ A;ate, c@h& and short) grow1ng season condltlons._A conser-
W e ) . .
.% Vaqave géqgth p@@tern of thlS sort would 11m1t the meadow %f

g

ren. more than compensated for in thelr ablllty to

‘>maXnga’ grouth in a. later, cooler, and shorter (less Optlmal7)

"grOWang season. Although each of the four grow1ng»seasons,

f#;m;,QUrlng the duratlon of this study, was consxderably dlfferent

v

R \
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.

from the others meadow growth and production were found to .
: o
o

vary by only 10 - 29%; L . v

o

The successful adaptation of the meadow plants.to their’
enyironment played a proninen; role in their exbensive
community development in the Truelove Lowland g&mllarly,
although'sgdge mead%ws are not a w1de5preqd g’éh arctic

community, théy are its most important food ba%e for the .

ma jority of avian and tfrrestrial fauna.

P
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