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ABSTRACT
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"3~cltmat1c cond1t1ons 1n the Canad1an H1gh Arct1c Th1s Spec1es is an

1mportant component of po]ar semi- desert 1andscapes and is.less common-;,

X

in h1ghdarct1c tundras, except 1n;areas,of natural and hnman caused

disturbances, where it sometimes forms pure stands.

U

N

The growth phenologyp b1anass resource allocation, nutrient

content and water re]at1ons of Alopecurgs were compared on und1sturbed

./

and d1sturbed s1tes at, Cape Abernethy, K1ng Chr1st1an (77 N% and

Troelove:Lowland, Devon‘Jsland (7b°N).

N .
“ . 3

-

~ The summer “¢limate of Truelove Low]and (1978 1980) was more

- . . -
» A .’

favourable‘i%r plant growth than at Cape Abernethy.d However, annual -

climatic var1at1on was ev1dent, w1th.some>var1ablesvbeing'morel“ *

favourable at Cape Abernethy‘in given summers, 5011 moisture was ;3

general]y h1gh at both 1ocat1on§ Truelove so1ls had h1gher organ1c

¢

matter totai N, and n1trate than at Cﬁpe Abernethy. At both - '
locat1ons d1sturbed 50115 where A]opecuru cover and b1omass were '

- ’h1gh had h1ghﬂr'ava1lab1e P than und1sturbed sokjs. N )
. . e v - . .

o

Under the more severe envwronmenta] cond1t1ons at Cape Abernethy,

e A opecuru exh1b1ted h1gher root to shoot rat1os (0 43 - U, 51 vs. U 37

- 0. 43) h1gher max1mum shoot P content (U bU vs. O 45%) and more

kRl
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| d1sturbed s1tes at Cape Abernethy, AlercurL 1ncreased shoot surface
. &5: .

.. . -
v LR .
. -

deeply oenetrating roots (18 9 vs. 13 5 cn- aeep) than at Truelove

'Lowland. At. True1ove Low]and A1ogecuru exh1b1ted ear11er f]ower1ng,

h]gher percent f]ower1ng (251 - g, U% vs.: 8 -4, 0%) greater culm

he1ghts (1u - 34 cm Vs, 9 - 13 cm) and staod1ng crops up to 30 - 40

It
- LA

times greater than at Cape Abernethy. . ‘r"“

~

blomass, dnd flower1ng of - Alogecuru than undisturbed s1tes. " On

area by deve]op1ng wider leaves" whereas plants at Truelove Lowland

.\ i

developed longer leaves and taller cu]ms.

5

LWy,

No water stress was observed in Alogecuru at e1ther lcoat1on.

Leaf water potent1als were re]at1ve1y h1gh, averag1ng U 4 - 0 7 MPa at

e

both study \areas. Max1mum val ues for transp1rat1on ¥ate (0 38 - 0. bl
-2 -1 1 L

g dm “h ) and: 1eaf conductance (0.7 cm 51 were low canpared to other

arctic, gram1no1ds. logecurus has a 1ow drought reSIStance and

predom1nates on sites hav1ng 1ntermed1ate so1] m01sture.

Phenotyp1c plast1c1ty, a stress to]erant strategy that, conserves }

~ limiting resources, and an apparen&“1ncrease in compet1t1ve ab111ty on .

nutr1ent enr1ched sites make A]ogecuru we ' su1ted to growth in
A .
d1verse arctic env1ronments. v

* At both locations, d1sturbed sites had a g‘eaterﬁo\rcent'cover,“, v

N
Cap
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( 0 - CHAPTER I,

~

INTRODUCTION - e
e o o s '
A z )“ . - / : 4
. T o o

The c1rcumpo1ar grass AlopeCurus a1p1nus g. E Smxth* 1s w1de1y

I3

d1str1buted and grows 1n a Var1ety of hab1tats that have w1de ranglng L

o

edaphyc and c11mat1c character1st1¢s (see Chapter II) ‘ In the~

Canad1an -and Greeniand H1gh Arct1c 1dgecurus is w1despread reach1ng§ R

the northernmost 1ands (Po1un1n 1959) It élso occurs/1n Tow arct1c

borea], alpine, suba1p1ne and montane‘env1ronments (MCVean and 'f (h5>

i3

Ratc11ffe 1962, weber 1967 Budd and Best 1969 M1tchell and

~.>4\|__.\,' P

McKendr1ck 1975 Scoggan 1980) 89cause of 1ts w1de d1str1butlon and ,l

| occurrence 1n d1verse hab1tats (Polunrn.1948 Por511d 19bb Sav1len -

- 1961, Byrd 1975 Mua and Bﬂlss 1977,, Bl1ss and Svoboda 1983)

Alopecurus a]p}ng;,appears to be h1gh1y plastic. Loca] nutr1ent

- 1nputs great]y 1mprove the growth of th1s species. (Po]un1n 1948

Pors11d 1955) suggest1hg that on natura] s1tes A]ogecuru 1s 11m1ted '

K

by nutrlent ava1Tab1J1ty fran reaching 1ts ;abkﬁgrowth potent1a1

’ The 1nab111ty to reach potent1a1 growth on. natura] s1tes may 1mp1y

v

2

>

so11 nutrlent ava11ab111ty is greater.

that Alogegurﬂs 15 better adapted to more southern 1at1tudes where }gf 3

¢ <

Tﬁe H1gh Arctxc presents a stressful enV1ronment for plant growth

The phys1ta1 env1ronment 1s character1zed by a short grow1ng season,

»‘ P

]ow air and so11 temperatures, ]ow annua] prec1p1tat1on and soils

N

1ﬁ5méhofatUre‘of.tﬁTs~speoies’fo]]ows'borsild_and Cod} (1980).
_Nomenclature of -other vascular plants. follows Porsitd -(1964). -

aQ . - ) .

S DN



,defjcient in macronutrients .. P]ant adaptat1ons to growth in arct1c
,"environments have been-des.r1bed by Bliss (1962, 1971),}81]41ngs\and
L/ : - -~ 7 IS B ..

Mooney (1968), Savile‘(I972) and Billings (1974). - ’~‘7' -

. . N N
.
. . b
) (/
-~ .. K
. . .

The severe env1ronmenta1 cond1t1ons have’ se]ected for p]ants that

'4".

. are opportun1st1c S0 that’even s]1ght ame110rat1on of the thermal ,

\ . ¢

o v:mo1sture or nutr1ent reg1me may result in s1gn1f1cant]y greater growth’
. and faster pheno]og]Qal deve]opment Sl1ght m1crot0pognaph1c

d1fferences can have a great effect on m1croc11mate and mowsture .
I -
1

ava1]ab111ty and hence o p1ant growoh (Muc 1977 Svoboda 1977)

BecaUSe the harsh phys1ca1 env1ronment closely controls p]ant

funct1on1ng and because even w1th1n these S1mple ecosystems phy51ca1

- ‘ b

cond1t1ons are greatly var1ab1e~ fhe'same‘plant‘Species groWing'in
des1m1Jar env1rbnments may rely 0n d1ffenent adaptatjons to vary1ng

degrees. Adaptat1on to 1oca1 phy51ca1 cond1t1ons cou]d 1ead to .

-

phenotyp1c plast1c1ty in dlfferent popu]at1ons or, over’ t1me, o

T

d1fferences in response to env1ronmenta1 cond1t1ons could becomé
4 N > - {7

genetically fixed resu1t1ng 1n-ecotyp1c:var1atqon. o o T

-~ N » oL, ~ ' v

Var1at1on in eco]og1ca1 and phys1o]og1ca1 responses 1n popu]attons

» \

of- the same speC1es has been studred for several tu dra plants.

-

- -

‘ Compar1sons have been made for pdpu?at1ons of the same spec1es from
T _fthe Arctic (usually Low'Arct1c) and a1p1ne (Russell 1948, Mooney and

. B1111ngs 1961, Mooney ard dohnson 1965 Billings et al 19Z , M1tche11
- and McKendrxdk 197b Wehrmeister and Bonde 1977 Chapin @nd Chap1n

1981), alplne and subalptne (Mooney 1963 Anderson and McNaughton T

. — s N X
' RSN e J N~ ~

r/;_ . .'_ \/“ ,"' { ) -

. h B -~ 1
’ Lo . A}

« .



/

* . , . S . . . N o

1973), Arct1c and Subantarctlc (Ca]]aghan:1973 .1974) w1th1n the Low

]

“Arct1c (Shaver et.al. 1979),. and w1th1n the Subantarct1c (Ca]]aghan

and Lewis: 1971) Eitt1e~work has been cohductedvdneenvironmentally“."

.t

“induced d1fferences in h1gh arct1c popu]atﬂons.

~ - ' N
. . &,
-
. o
\ o

1y

In the Queen E11zabeth Is]ands of the Canad1an H1gh Arct1c TesS'.

.~ than tuO‘percent of the ]and area is covered by tundra (sensu B]1ss i

1981, usually cons1st1ng of sedge-moss OR gram1no1d meadows that have

_a relatively high vascular-p1ant cover.\ The 1andscape 1s dom1nated by

polar semi-desert (vascu]ar p1ant cover 2 20%) or’ polar‘deseht“ s

(vascular p1ant/cover < 2%) (B11ss et al. 1973). = :
1 . . "P"‘: " L

Areas in the. H1gh Arct1c have been descr1bed as oases €B11ss 1975

' A

areas of more’ favourable cl1mat1c cond1t1ons and ava11ab1e‘501]

3

- mo1sture resu]t 1n a more d1yerse f]ora and more 1uxur1ant growth

¢ _ . P ~

|
Although such oases account for a small percentage (< 1%) of the h1gh

arCt1c-1andscape they aré 1mportant to arct1c anJmal popu]at1ons

v S N

§ - - K .
’ - PR . o PR b ”
- R - T . \
[ - - RS N Nl
' . . . . -2 Yoo .
N , . . - x_«' N 4. -
1 . - EREN -

- I, Af. s]1ght d]fferences Tn physica] env1ronment can S1gn1f1cant1y

: affect plant funct1on1ng, compar1sons of p0pu1at1ons of the same p]ant

~ s

'Spec1es from an_' arctlc oas1s and from a harsher po]ar\sem1 desert

-

\

should 1ndqcate the degree to wh1ch that spec1es Can adJust to 1ts -

s -\ i N \

local env1ronmentv . o - S ' ..¥

\
!

Court1n and Lab1ne 1977 Svoboda and Freedman 1981) These 1oca11zed ?T

(B1iss 1977a) A S SR

'/t .
N



4) and to determine whether var1at1@ns in respohse totlocal

. Other studies. have 1nd1tated that character1st1cs of A1ogecurus

make 1t well su1ted to growth in arctic env1ronments.‘ Rap1d\root'

Y

. e]ongat1on, deep root penetrat1on and prol1f1c rh1zomatous = f'

reproductTon a]low logecurus to. tolerate 5011 dlsturbance, 1nvade,

barren areas and stab1112e eroded surfaces (Bel} 1975 BeTl and Bllss

1978) Such character15t1cs make 1ercuru a- potent1a11y surtable L.

spec1es for- revegetat1on (81155 1978 1980) ; R ‘\ .

K ‘ - / -
~ -
]

- — ; . . - . -

c |/" 1. .-: e ‘ ‘.-< \‘ ‘\' , \‘ 7"“.\ - ) .
The objectives: of this study-are:.. - = . . T

v y Lot i . . ¢
cor \r - e, -

. . . _ . ' - e

15 to descr1be the phys1ca1 env1nonment of some.h1gh arct1c plant

cmnnun1t1es where Aloggcuru s common, D = ‘,. Voo

L A . he )

~,2)' to cpmpare aspects of the phy51olog1ca1 eco]ogy-of two popuﬂat1ons

©.of A]ogecurus, one from a polar sem1—desert hav1ng low sumner a1r$

- 8

temperatures and a short grow1ng season and the other from an

v e
\ LU \

' arct1c oas1s where summer temperatures are h1ghen.and the grow1ng

. R
‘A N ‘\\ ' RN .o
' season 1s ]onger, 4 .o g o )
) . . . N

. ~ >, . \ N
Dol . A . R
. s1tes, Lo s . T

N ’ ol e Ar.\

~

SN L7 A " “e

v

-

{
envvronments of A]ogeCUrus~popu1atrons from d1vérse hab1tats

s

result from .phenotypic pﬁast1c1ty or from~ecetyp1c deferenceSz

3). to compare the growth of A]ogequru on und1sturbed 4and d1stUrbed L

. ¢

.
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. The eX1stence of dlfferent growth hab1ts throughout 1ts w1de range k

~

has contr1buted to var1ous taxonom1c treatments of AIOpecurus a1p1nus | .
) v oy

~

ltribe Agrostldeag)' Many authors treat th1s taxon as a s1ngle \'; L

s

Spec1es (Po]unlm 1940 Hdtchcock 1950 Porsr]d 1964 Rbnn1ng 197& _J:,_
Perr1ng an& waltens 1976 Cronqulst et al 1977; Scoggan 1978 Pors11d

and,Cody 1980) Hulten (19680 dTv1ded Alaskan pqpu]at1ons of A. ;',“ﬁ‘thi

"~ - ‘“. <,

}91nu 1nto the three subspec1es,‘an1nus, glaucus and telneger S
A]ogecurus alp1nus Sm.\ ubsp, alp1nus (A behr]ng1anus GandOQEr, ﬁ;r‘fij‘ngi
borea]1s fr1n,) 1s shorter than A IQTnu gm. 3ubsp g]aucu (LeSs ) S
' Hu]t ( glaucug Less.,_A: oocaoentalts Scr1bn & Twéedy) w1th cu]m k'u ii
he1ghts be1ng 10 30 and 30 60 cm resbect1ye1y. . a]éanus Sm subsp ' B fo

tegnegg (Vasey)/Hu1t (k; stezneger VaSey) d]ffers from.A, lg1nus | 'T

LI
‘ N
N .

subsp 'alQ1 1n pantcle shape sptkelet colour and awn\length, s ;QCJ:‘. R
SubsRec1es S egneger1 occurs ch1ef1y 1n the western A&eut1an Ls]ands. R
Trathress1ons of botti sub§pec1és glaucus and steaneberi to \5:.ffﬁ";4_ :
- - N U ST N f T ,[._-’f a oo
sub5pecies Tg1nus occurr‘_lf,";‘J';.y';‘,~ U N R
< e > . V- . T /f ‘“ _- (AN ‘ AN T . 1 ‘1' \' N .‘ T \/
- g -\! ’_.. oL . N .‘/\ Ce _\';" ;‘.‘v \\ ._.\‘ ,I' ..;,.,‘ l) " . ,‘.t‘ - .L‘.
Ne}sh,(l974 refers—to Hu]ten s subSpec1es as phases and states '
fhat perhaps on]y the tegnegert<phase°1s/suff161ent1y dJStlnt1Ve to - 3
, wafrant separate taxonomtc treatment swnce ‘the glducus phase is. ‘:f‘/;u:“;
> connected py a ser1es of 1ntenned1ates w1th the 1g1 phase., i '; . #-/f
i -~ ™ "’-‘\ N ‘,'
Por511d (1939) fe]t that these variat1ons were merely edaphlc forms SN
Y r‘ - - " { ” N
caused by excess nitrogen and sov] water.. In the eastern Canad]an oo
. ) /... .‘_\ _/‘, (\ N \: /\', \( ‘l\ - D_# o - ) . r . i,
) . ~ ~ i r ) » ..\ \.’ , Sy ~ ) . ‘u . &
] N ‘ = y " i é 4 o ) \\ ' ~r - U AN N
N - N b . Vo 3 A ; . -



Arct1;, Po]un1n (1940) d1sm1ssed var1at10ns in he1ght robustness

]ength and 5p1ke1et coﬂour as be1ng wdrthy of subd1v1d1ng\A. alg1nu . o

e Polun1n fe]t that w1despread var1£t1on coqu be re]ated to d1fferent AR

’ [

" N N ! ' e 4 h e .
0 hab1tats and seasona] d1fferences that 1nf1uenced phenolog1ca1 ST
‘ ', - . ’ - . o \ ) 4

. ) deVE]Opmeﬂt. (‘.' \-\> o s o ' . . o . = . g
: o Lo ' Lo <

BN Some Sov1et authors d1V1de4A a191nu 1nto two subspec1es, subsp\‘/ ‘ o
o » ey - . *
Cowe a]g1nus and subsp boreaTls (Tr1n ) ertz. (A. borea11s ¥r1n ) L PRI

Poteihiiadai A2

y (Trkhom1r6v et a] 1969 f111n and Yurstev iStjngdish L

§69). Qthers.

e A 1g1nus and\A borea11s as separate spec1es (Derviz-So
. — . " N

ot ot

SR K1l dyushevsk11 1969)‘W1th A alpinus being more fypical of h19h/\.

~ " - . o

‘.,J’t arct1c regwons. A. borea1tstd1ffers from Ah a]glnus in hav1ng a
'\ ﬁ,‘— shorter\ mdre Pounded sp1ke dtstnnctly st1p1tated sp1ke1ets and a ; <

'r i .n iy

ﬁ”%‘- g 10ngen awn, wh11e A. a]g1nus often 1acks an awn (Hulten 1942{

: : J R

,’ Alopecurus g]aucus and\_i telneger as descr1bed in, A]aska by Hu]ten

“ i ;i (1969), are ‘als0 reported to occur in the Soviet Un1on. A glaucu tﬁ!_“

w;§‘”/'4 occurselh the suba1p1ne of the soathern and centra] Ura]s’(lgosh;na ; “JQ :‘
,; ; '”1969) and A. tegneger is reported\on th Ber1ng coast o%\the i\f", 9
- c Ch“CkCh1’Pen\nsﬂ1a/(T:khom1rov and Gavr1] uk 19699 Both “of these ) _'4\

o \‘ - - \ . 1o e

taxa are s1m11ar te A.\a19;nu with 1nter radés occqrr1ng. ‘ ;' e

- - ' } ) L > ~ 3 :
. ‘. . L . . . 2
b 4 ) oL : X .‘f ' - J. TN -~ . ER
A . .. “ ) .
~ ‘. . Ly P - 3 . . -
~ N T \ R TRV ' R ‘ . | ]

A

tove and Love (1975) And1cate that reported Chmmnosome nnmbers for .

: 'A algmnu are var1aple rang1ng from IOO to 130, but it is genera]]y

/ s

/ icepted that 2n . 112/(F10v1k 1938, , Bowden/1960; “Holrjen 1952, "' o

e ¥

Jordensen et gl_ 1958, Packér “and McPhe(son 1974). Rphn1ng 1972)

3 regorts chromnsome numbers of 112, 114 and 130° for Sva%b rd. i e
! At - Y ' .

, ,/&Sp1tzbepgen) ggecuru popu]at1bns and Crdnqu1st

< \"’" Y e

N\
.-
$
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P study is tanondn1catly 1dent1caﬁ }W support of th1s assumption ' .

~

<

-/

.

5

\x ? " .. T ~ A _ _
/ { . N £ , A ' )
A ‘\ 1 :_ o N °f _ > f .
\ : . - < . I -" * » - ¥, ' ' '\ <
va}ues rang1ng from g8 to 130 1n91ud1ng 2n/- 117 for the Hestern R
4 , . / .
Intermounta1n area of the Unlted States. N £ % ‘. £
) ‘ ; Ty Ve . . “ o - \“ ' .‘ ATEREN » [ n
v ey N ' L - IR, e

\ -

HARON For the\purposes of th1s study the taxonom1t‘treatment of, Por51ld r

N <

(\964) and Pors11d and Cody (1980) 1s used It is therefore assumed ’

N
.} Y. £

s that‘a]l of the maten1a1 from the Canadlan H1gh Arct1c used jin th1s b

I
s

o

e

N

two d1mensvona1 thwn 1ayer ehromatograms on pd]yam1de LPolygram,f

showed that f]ayoho1ds 1n’both pdpu]atlons weTe s1m11ay *5
-a“\ L . s - - { |

- d b s ) -
¢ //l Y : N RN ~ ‘d . o b . / »

- vy Gt \ A N LI - v ”
o

N ' \

The d1str1but1on of A @lg1nu has been,mappedlfor thef@anad1an

H1gh Arct1§ (SaV11e 1961,fPors11d 1964), the Canadian Low Afct1c

N\ .
(Poc511d and‘/pdx,1980) A]aska (Hulten L968) Greenland (Por511d4

© 1964} Por;ﬂd and Cody 1980) ~nor‘thern u:s. $.R. To-ﬁnachev 19%4 .

_\w

|- )
\ Sva]bard (Rbnnlng;1972) and Br1ta1n (Perr1ng and Na]ters 1976) (Frg. ;o
» - ’

- - -

/ ) >
1). AddltIonal ﬂ1scu551mns of\the d1str1but1on and hab tat of -

V! 4 .

iy Klggecuru have been g1ven in the.Canad1an Hrgh Arct1c (Po]¥n1nfl948

3 .
\

¥

Pers1]d 1955 Druny 1962 Ku; 1970 Ee]l and Blvss 1978 and BTiss and
v ‘

s \‘ '
4+ Svoboda ﬂ98ﬂ the Canad15n/Low Aq€t1é\and Subarct1c Scbégan 1959, »‘

+ v / e ~

\
’ 1978 \and\Dore and McNeTll 1980) Alaska (Hu]ten)1942r Amderson 1959
~'5 W1ggqns and\ThOMas 19§2\and Nelsh '1974), Greenland (Pors11d l§20 COUEE

' - . / e ( -

4

S ‘Flavano id ana]ysesxuare conducted using the methods of Ba1n (1V

Cae

ﬁelt1ng L934; SE1denﬂaden and Sﬁrensen 193] Bocher-1963), and the ~
SQv1et‘Arct1c (T1khom1rov L948 1963, I@69“ To]machev 1969* Matveyeva

< T . . “‘(.‘,‘ ‘ ‘ S ‘
et al. ,1975,3Alegsandrone 19§0) < T N N

~ . F R N
v r . ! ) : / o A
.- ; 3
O

. on extracts f?oﬁ buTk 1eaf samples ofTA1oEgcurus‘ &

\Po]am1d 6) 1n logecurui t1ssue extnactp #rom both~study 1ocat1ons e




! €
‘ '
+ r = *
| \ ¥ - ’
- * -
A / ?
&
- 4
-
[
~ e } J - \
a 3 P
, ~ |
f ¢ M
.
' N -
« . - -
- -~ . y 0 PR
v
- 4 - Y
» hY -
* ! Y - .
. - t 3
- B
. » \ . ! N P
& .
*a
. ¥ . '
N V. x - -
v ’ -
«
. 4
v s A S
- Id
A3 - “ ‘ .
P

. Figure 1. Distribution of Alopecurus alpinus"from

oL "maps of: Hitchcock (1950), TolmacheV > .
.~ (1964}, Rénning (1972), PerrTng and ! -
< 5 ‘Walters (1976), .Porsild and Cody- -
' ‘ *(1980); and reports by Budd and Best ,

S (1969) "and: Kuijt (1982)

. .
“ "«. ;o : z
e e '(‘ N » .



~
.. s
. -
¥
! "
| 1
s .
i
/ ' N
* r
. [
- v
t .
!,
1 " - N




7/

<y

AY

R

A}

+ s . . Y

Yogecuru occurs in’ the Rocky Mounta1ns of Co]orado and the

U1nta Mountalns of Utah (T1destrom 1925 H1tchcock 1950 Harr1ngton s

1964 Neber 1967,\Cronqu1st egal. 1977) and in mounta1n reg1ons of~'
<Idaho, Montana and wyom1ng (H1tchcock 1950} . . Few reports of i,f;
]ogecugu are known for the mountalns of western Canada Ku1Jt
(1982) 11sts 1ogecuru as occurr1ng in -Waterton Lakes Nat1ona1 Park

Co]lect1ons have been made*1n the Porcuplne Hills and _near Bodin,

A]berta (Redmann pers comm. ) Budd and Best (1969) 11st th1s spec1es f

for the’ Cypress H1115 1n southwestern Saskatchewan.,j,

1ogecuru also occurs in/the h1gh1ands of northern £ng]and and

A} I .

' Scdt]and a]thoudh it is qy1te rare (Ho]den 1952, McVean and Ratc]tffe
1962, Roger 1966) 1nterest1ng and perhaps surpr1s1ng gaps in the

d1str1but1on of A?ogecuru are found in Icé]and, northern Scand1nav1a

and the Canad1an Rocky Mountains.

¢ - -

- ) . N o T y
¢
te

Throughout 1ts broad d1str1but1on Alogecbru genera]]y grows. on

monst to wet substrates (Se1denfaden‘and Sdrensen 1937 Holden 1952 -

Pors11d 19bb Harr1ngton’1964 To]machev 1964 Weber. 1967, Hu]tenfﬁ.

1968 Matveyeva et a] 1975 Scoggan 1978) 'but 1t tolerates much

f

drier’ cond1t1ons (T1khom1rov 1969, Babb and Bl1ss 1974, Be]] and 811ss

K 197§) Noo and Zo]ta1«(1977)qreport that A]ogecuru occurs'on '.E’ K

- strongly to extreme]y calc&reous soils, but 1t has a]so been found on
*very ac1d1c;501ls (Bliss and Svobodau1984). | |

) t * ’ ‘__" ' _-' - ' - : »
- . ' :

[ - . 4‘~ .,'/ . . "

1ogecuru grows 1n 50115 hav1ng a Var1ety of téxtura] classes. P

o 7 : : . oD ) .
' { - - A\l \

10

hY

.
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' Brassard (1968) reported A]opecuru as one of e1ght spec1es growlng on

ﬁ;Alopecurus rap1d1y coloni zed f1oodp1a1n'a11uv1um. In the same area,'

‘; spec1es grow1ng on earth g]ac1ers and slid1ng s]opes fend1ng support

~ ! +
-

-

Kruse (19059 5ndicated 1p:Gneenfand as elsewhere A]opecurus grows an

, -sotbs“ranging from.clays to‘sands In the western Queen E11zabeth

Islands, Al ogecuru 1s a comnon dom1nant on f1ne- to med1um—textured

stls (Bl1ss and Svoboda 1984) On Northern Eliesmere Is]and, ,

;

a large sand dune .
‘ : . . T " . N
. . . = \‘\ -

Aiopecurus has been described as n1troph11ous (Pors1]d 1964),

grow1ng w1th increased v1gour on manured s1tes such as b1rd perches

‘fox dens 1emm1ng colonies - and around old encampments and settlements

’ (Pors11d 1920 Ge1t1ng 1934 Polun1n 1940 1948 Pors1]d 1955 I964;

Bocher 1963 Brassard and Longton 1970) Thrs species also grows-well

-in natural or. human- d1\turbed soils (Drury 1962 Kuc 1970 Bel] and

- »BIISS 1978). In Alaskan arctic tundra Webber (1978) reported that

\ -

‘McKendrick'et a] (1978) reported an abundant growth of A]opecuru 1n

s

o]d veh1c]e tracks Sbrensen ( 933) found A]o ecurus grow1ng on. -~ g
_7_2____,_ T

sol1f1uct1on 1obes.\ Se1denfaden and Sdrensen (1937) observed th1s

“to observatlons that A]opecuru grows well in areas of s011 movement

- : : /
. . . ..

/u

11
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CHAPTER .II1 S S

- 5 © SITE. DESCRIPTION

~

Location and Description

',3" F1e1d<stud1es were conducted near Cape Abernethy (77o 45"N>'101°

g IU W) on northeastern K1ng Christian Is]and and at True]ove Low]and

'(75 33' N: 84° 40 W) on northeastern Devon Is]and King Chr1st1an |

Is]and (ca. 1000 km®) and Devon IsTahd (ca. 54, 000 kmz) are Tocated in

) the northwestern and southeastern Queen E11zabeth Is]ands respect1ve1ys'

(F1g 2

Fe

;'an Is]and is a s1te of major- d1scover1es of natura]

‘-h gas.\’ﬂ f in 1s typ1ca1 of much of the western Queen E11zabeth

\‘. .

.J 011 and gas exp]orat1on 1n the Canad1an H1gh Arctic has

oA 1

_ been %of frated On King Chr1st1an Is]and two adJacent study s1tes i
R = *

-
N el

,31‘ were-chg {;1 5-km northwest of the Panarct1c 01]5 Ltd. camp near Cape

'Tg. 3)1 Two maJor study s1tes at Truelove Lowland were

éd 0.5’ km northwest and 1- km southeast of th Arctwc ;

-4

v ‘-"-\" T Q'-‘ . . .
King Chr1st1an study s1tes were located approx1mate1y 3 km from -
the sea at g ]evation of.gggeZOsm, Both s1tes'had l1tt]e surface
: A . o .

s". ’
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Figure 2. The Queen Elizabeth Islands showing the mT
' ‘tocations of Cape Abernethy, Truelove : _ P
~Lowland and other placenames referred o o
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relief and ‘were separated ﬁrom>each other by a cou]ee (ca 2 m deEp)

2 ~

YA

~ (Plate 1) Much of site 1 Was visibly dr1er/than s1te 2\ w1th‘surface ‘

. less surface-erosion.

, \
‘mud Lcracks &t the’ west end “ahd agmuch reduced p}ant cover. A gent}e

s]ope (l 4 2 DO) from west to east resu]ted 4dn the west end becom1ng P

'snowfree 4 to 7 d earlier in the season. S1te 1 was characterlzed by

1

eros1on s1m11ar to the sheet er051on on K1ng Christian. Is]and

'descr1bed by B]]ss and Svoboda (1984) S1te 2 had ]ess of a s]ope and’//

' Trielove LowTand was 'the Canadian High Arctic‘site for the
L

»

' _\Polygonal troughs had depths up to 1m or greater and often had

\

fhternationa] Biological Programme (I.B.P.). The mu]t1d1sc1p11naPy

) stdd1es conducted there during 1970-1974 are reported in a volumé

4

ed1ted by Bliss (1977b) Truelove Lowland"site 1 (P]ate 2) was on

f]at hummocky tundra (hummocks 5 9 cm, h1gh) and s1te 2 (P]ates 3 and

¢

” T~ )

4) Was on 1arge 1ce-centned polygons. The ice- centered~polégons were '

U1, b to 5 m across and, 0 5 to l 2 mhtgh. ¢ They cons1$ted of dry L.
i w

‘surface beat overJay1ng ground ﬁce m1xed w1th drgan1c mater1als. 35 .

¢

standlng»water in susmer. ST

LEEEN -

SN N ’ ' i .

~ ¢

“Areas such as True]ove‘LoWiand which hate higher net radiation,

-

air“temperature' a longer growing season, greater so11 mo1sture and

thence ’ greater b1o]og1ca] d1vers1ty and product1on than typical for

.,Lthese 1at1tudes, are rare in the Canad1an H1gh Arctic (< 1% of Iand

: area) - Such “oases" as they have been termed, support a significant

port?on of resident and m1gratory animal populations. A classifi-

. catiop of arctic biogeographical zones has been given by'B]iss (1981).

-
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Island, located.op ice-centred .
.~ polygons. Pemfiafrost thermocouple v
;station (Brawn 1977) -in right-centre
* p0rt1on is approx1mate1y 0.5m across X
1 Om h1gh R N
| <
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PLATE 4 Ground view of ice-centred polygons at

" (BOTTOM)

.

i

-

-

"' Truelove Lowland Site 27

~of Site 2-(Willow-Gushidn

PLATE 3 Aerial .
(TOP) 5///P’rﬁﬁf/ﬁ?)usf) on Truyélove Lowland, Devon R

These are
-Younger polygons and ysually have a

Jnore extensive cover of Alopecurus: than
‘d1der polygons such ‘as those at the -

bottqn of Plate 3. | -
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A

. Physiography . Tt e

“physiographic region characterized by:iittle toodgraphic relief

»Mesozodc~seddmentary rocks,(Balkw11] and Roy 1977) “The surface

King Christian'IsPand lies in‘the:centra1-Suerdrup.Basin, a

. -
“ -

(Bostock 1920) Under1y1ng the 1s1and are s1lght1y folded and fau]ted

~

consists of a]luvia]'and delta1c sands and mar1ne beach deposits

N

 (Greiner 1963).  As reported for other 1s1ands in the Sverdrup Bas1n

' (St. Onge 1965), water eros1on is a maJor factor 1nf]uenc1ng the

ztopography; Th1s occurs most]y during the snowme]t period. (2-3 L

-

\ A

/.
’ weeks) ) Such erosion produces dendr1t1c dra1nage patterns with

s

gul11es up to 2 3 m in depth S

/ g

v .

- Truelove Cow]and (43'km2) is bounded by 24 km of shoreline to the : .

“west and north. ~To the west and south, respectnve]y, 11mestone and

gran1t1c cliffs rise’ steeply (300-m) to the 1nter1or p1ateau. From

the coast to the eSCarpment base the Lowland rises ca.- 46 m (Barrett‘
1972). Bli3s (1977a) descr1bes the major topograph1c units of

N

Truelove Lowland. Freshwater lakes .and ponds .cover an extens1ve f

portjon of the Lowland (22%) _ The dominant ter\ZStr1al features are

A}

fiat depressions comprised of sedge-moss meadows (41%). MeadoWs\are .

 separated by raised beach rfdges (20%)'which were formed by isostatic

rebound after deg]ac1at1on ca. 9450 yr BP (Barr 1971) Gran1t1c and

dolom1t1c rock outcrOps (12%) are scattered throughout the Lowland
b3

,

- /“, o < . o, ) . N &g’
e . % ‘ . . k .
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Climate =~ - ..+ | : -

"ot R . ‘

| C11mat1c cond1t1ons at two h1gh arctic stat1ons (Isachsen and

i

Reso]ute Bay) Aare compared to a northern temperate locat1on (Edmonton) :

N

“in F19.~5._ C11mat1c cond1t1ons at’ Isachsen -are’ s1m11ar»to those at -

-

eat Resolute Bay are genera]]y 1ntermed1ate between those 'of Cape,

o~ \ '

Cape Abernethy (Add1son and B]]ss 1980) Whilé the 611mat1c cond1t1ons

P

Abernethy and True]ove Lowland E B o o
- I . . .

-~

Z‘ Accord1ng to Maxwell s (1980) classification of'arctfc ciimatic \

5
v I

reg]bns” K1ng Chrvst1an Is]and and northeast Devon” Is]and are found'

-

w1th1n suB«reg1%ns of the Northwesfern ‘and Eastern Climatic Regtons

- Y

.reSpect1Vely. The cl1mat1c sub-region in wh1ch K1ng,Chgistian Island :

occurs is characterized by lower winter temperatures an earlier

A

w1nter and less prec1p1tat10n than the sub-rngon in wh1ch

northeastern Devon Island is 1ocated (Tab]e 1).

Al

-~ AL -

The summer (du]y-August) c11mate of K1ng Chr1st1an Island has" been
descr1bed by Addison and. Bl1ss (1980) as po]ar mar1tame. Dur1ng the1r ¢
per1od of measurement they reported that ‘this. area had one of the =

i

most rigorous” summer cf#%ates in the Canad1an Arct1c.

y

C]1mat1c stud1es at True]ove Lowland were conducted by Court1n and - ‘ |

Lablne (1977) who descr1bed the area as an 0asis 1n a h1gh arct1c R

po]ar deSert.” The prox1m1ty of the 1arge Devon 1cecap (e]evat1on ca.

-

2000~m) contrtbutes to higher rad1at1on, h1gher temperatures and

e A
2 .- ~
L. -~ . i

- PR R

25 .
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e diagrams (after Walter 1973)
lsachsen, Resolute Bay and

kon. Absc1ssa. month. .

jtes: one division represents
r 20 mm prec1p1tatlon. Across
Lto r) is station name,

fon, mean annual temperature

ean annual prec1p1tat1on (mm).
Below Station-hame is years of

observatlon. Upper Tine is monthly
)tion; lower line is mean .
vperature.» -Solid bar is
. Mmean m1n1mum temperature
ins haded port10n represents
e period. Left column of -
tures in descending order are
absolute max1mum mean maximum in .
‘warmest, month, mean diugnal temperature
range, mean- minimum in coldest month

absolute m1n1mum. s

s

e
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TAB!;E _1 L Character1st1cs of chmat1c regmns in wh1ch King Chr,l_sman
‘ . Island and Truelove Lowland are 1ocated (Maxwell, 1’981)‘

VARIABLE  *© . KING GHRISTIAN ISLAND ~ TRUELOVE LOWLAND =~

4

REGION - - . L. Northwestern. - . IV. Eastern .

SUBREGION' - " a. Western Parry  a. North Baffin Bay -

| . Channel . ~ Lancaster Sound
COMEAN ANNUAL bR
2 TEMPERAEURE‘ o im0 L3336
RANGE (7C | A T e SR LR

el

-

© MEAN DAILY A
- TEMPERATURE (. c)

January S -35 to .33 ‘ =20 to"-'33' ‘
oo e (frmNteS) o '(from NE to' SN)
k -Ju1y . 3tes 3'to. 5
NINTER

Begins i Lo //Aug. 20-25 (from w to E) "Aug. 30 - Sept 5

_1 Ends'j o 7“”;7' June io- 15 (from s toN) June 15

| _ ANNUAL PRECIPITATION 4f» o e ," -'.' 1:_, S ‘
| Amount ( ) ‘,4'“?’ 100 -~125 (from w to E) | ’,Hf’3oo;ﬁf“a - -
% as L1qu1d ) : 35 - 40 = 40 - 50 (below ,‘ ”
T R R TRV %levatwn of 400 m)




possibly a longer’ growing seasgn.  Warm dry air masses passing over

~ the icecap and descending on the Lowland can dissipate clouds that

'7might,otherwise reduce incoming sO]an/radiation Under certain
cyclonic systems, air masses rising over the icecap cause foehn W1nds
over the Lowland. -Foehns are wanm dry and gusting’ w1nds that have
high:velocities (8 5 to 17.5 m:s 1). ‘Such winds can/resu]t in rapid

: 1ncreases in temperature (6.0 to 8,90 C) .and decpeases in relative

et

humidity (14 to 38%) (Courtin and Labine 1978),

i e

7 !
P

The summer c11mate -of TrueloVe Lowland is character1zed by greater

global rad1at10n, h1gher,témperatures w1th more d1urna1 var1at1on

-,

greater accumulated degree days above 0° C lower w1nd Speeds, s1m11ar

e prec1p1tat1on/and 1ess cloud cover and fog than K1ng Chrlst1an Istand

/

(Court1n/and Labine 1977, Addison and -Bliss 1980) The data shown 1n )
TapJe 2 suggest that Truelove Low]and offers a.more" favourab1e
/env1ronment for plant growth Climatology and microclimatology are.

d1scussed in more deta11 Jin Chapter IvV.

L.
Both of the study 1ocat1ons fall w1th1n Tedrow' m (1977) Polar -

o Desert so11 zone. Accordlng to Tedrow S Classeffc/t1onﬂof polar ) S

3
soils, King Christian Island so1ls f1t w1th1n the po]ad desert and :

| polar desert tundra 1nterJacence genet1c groups. The soils of ang

A

® Chr1st1an Island show l1ttle to no hor1zon development (Bel] and Bl1ss
F\Yt“ 1978 B]1ss and«Svonda 1984 Grulke 1983) A]though Pawl uk and
, g Brewerf(}é’b) stated that these soils “could nof be read11y c]assif1ed e
,’.'.' =" ¥ o, ) .

. .
- M
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A comparison’of the summer (July-Audust) climate of King

TABLE 2:
‘ Christian Island (mean 1973-75) and Truelove Lowland -
(mean 1970-74). .
LOCATION KING CHRISTIAN ISLAND TRUELOVE LOWLAND :
AUTHOR (Addison and Bliss 1980) (Courtin and Labine 1977)
CLIMATE POLAR MARITIME CONTINENTAL HIGH ARCTIC :
MEAN DAILY . | ‘
TEMPERATURE ( C) 1-4 3-5 -
o K
DLURNAL .
TEMPERATURE - 1-2 2 -3 -
RANGE (°C) i
DEGREE DAYS o
ABOVE, 0°C | ° 141 1308 .
RELATIVE" . - < . '
HUMIDITY (%) ' 85 ‘ * 85
- WINDSPEED: ' ' ' ’ :
' =1 7
(m s 5 - 17" 3.1
wre ST '
-+ INSTANCES OF o ;
" CLOUD'AND FOG (%) ° 83 . SRER
R O | o /
- AVERAGE GLOBAL o .o o
" RADIATION: | .88 1.17 \
(J ém"z min"h) " ) | t |
r ! \" - ' ’ %'
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in the Canadtan System of Soil Classification, Bell and Bliss (1978)
-and. Bliss and Svoboda (1984) considered these soils to.be Regosolic

Static Cryosols (after Walker and Peters 1977) becaUSe of the éxtreme i

=t

1ack of development and the sha]]owness of the active 1ayer Silty

c]ay 1oams and clay 1oams predom1nate on mar1ne sed1ments wh]]e at

I

higher elevat1ons, sands and sandy gravels assoc1ated w1th the -
Isachsen format1on occur (Balkw111 and §b¥\ ?27 “CharﬁCter1st1cs of

the soils of K1ng Christian Island havelgeen exam1ned in. re]at1on to

- ‘.

m1cranorpho]ogy (Pawluck and Brewer 1/}5 d1stqrbance (Pr1te et al.

/ N .
-1974, Babb and Bliss- 1974), plant commun’ity descr1pt10ns (Bell 1975,

(

Bell and Bllss 1978, Bliss’ and Svoboda»1984x, and the autecology of

Y

dom]nant plant species. Adﬁ’son«1977a, Gru]keﬂl983):' Mpst.of these

Tt

~

 studies were conducted in the vicinity of Cape Abernethy.

yoo- ~
-
~

~

On Devon Island, the gmter1or plateau exh1b1ts phys1ograph1c .

features that are typ1ca11y ‘asSociated with- the term , polar desert"
but the spec1es r1chness vegetation patterns and mesoclimate of

Truelove Lowland are not 1ndicative of bo]ar deeért condﬁtions (walker(

\

and Peteps 1977). ' They are more . typ1ca1 of cond1t1ous found 1n the

Low Arctic (Bliss 1975) The' Low]and i§ dominated by bog and tundra

©

soils (after Tedrow 1977)

<

! s

b

. P1e1stocene and near recent dr1fts and sed1ments conta1n1ng -

m1xtures of ca]careods gravels and s1lts asiwell -aS gran1h1c dnd other
~silicaceous rock and f1ne part1c1es compr1:e the parent material

(Krup1cka 1977) Na]ker and Peters (197? cons1dered the organ1c d

. depos1ts of sedge and moss ‘pedt that occur over much of the Lowland to

<
*

N



be a parent material of the organic soils which develop in them. The

soils of Truelove Lowland have been studied by K1ng (1969) wha.

examlned pedogenlc processes, Barrett (1972) who related soils to

} .
p]ant\commun1t1es, and Walker and Peters (1977) who gonducted
N %

mechanical, chemical” and nutrient analyses in relation to.their

Y

extr?mes in soil variables,
more éciq,
phosphorué than Truelove Lowland soj]s (Tab{e 3)
are 1$}ge1y dﬁe to the complete absence of organic soils frovaing

_Christian Island.

-

[
—— 1
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A]thoUghiﬁoi] conditions are variable at both locations,

classification and mapping of Lowland soils and-plant communities.

compafing'

King Christian Island sbils appear to be
v > ‘ <

lower in organic matter, and lower ﬁn°soi]'nitrpgén and

’

. These differences

By

Soil conditions at K1ng Chrlst1an Island can often

be similar to those of polar sem1 -desert sites at Truelove Low]and

such as raised beach ridges.

lTow on both islands (Walker and Peters 1977, Bell and Bliss 1978). :ﬂt |

[

-

Soil nutrients, especia]ly nitrogen and phosphorus, are yenerally

both 1ocat1ons, so1ls in areas of d1sturbance and animal activity have

1

hqgher nitrogen and ﬁhosphorus levels than similar undisturbed sites

(Babb and Nﬁ1tf1eld 1977, Bell and Bliss 1978),

$

The* soils of'§pec{fic study .sites are described in Chapter V.

*
e
“

Vegetation

~
4 .

Plant community descriptions oh King Christian ISland, were

_.///

Y.

W
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TABLE 3 “,FCanparisoh of extremeé in soil variables fo}‘ang‘v " E
v Christian Island and~Truelove Lowland. Authors noted in -~ A -
SN - parentheses. TS s ~
- S T ) ! ' ! -
SOIL CHARACTERISTIC  KING CHRISTIAN £SLAND TRUELOVE LOWLAND 3 ' S
- l l - ~ o - . \
» pH '0 ) v ) H N ) ) y L
. Lowest Values o Al (a,) . 5.0 (sedge méadow)(d) , w4
Highest Values 7.8 (b) - 7.8 (beach ridgé)(ar -
. ORGANIC MATTER % . | ‘
Highesf Values '3.95f(c) v 42,2 (sedgevmeadow)(d) h
. SN . " '24.0 (beach ridge FH* -
) horizon) (d) - .
’ ’ | | 4.1 (beach ridge Ah 7
’y . “horizon¥(d) \ :
TOTAL NITROGEN % T )
- Hfghest value , . 0.31 (b) 3.06 (sedye meadow)(d) A
| S : T ,
. " 1.64 (beach ridge FH | \ -
' horizon)(d) \
- | | 0.81 (beach ridge Ahk
\ horizon)(d)
4% .
a Bliss and Svoboda 1984 | - = - -
b~ Bell and Bliss 1978 ‘ # .
¢ Pawluck and Brewer 1975
«d Walker and Peters 1977
# !
. N &
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égn&ucte by Addison (1977a) Bell and Bl1ss (1978) eﬁa Bfiss and

.~ Svgbg (1984) BeH and Bliss’ (1978) and Bliss and. Svoboda (1984)

cribed spec1es composition, b1omass and plant productlon of»polar

LN N v

A sem1desert commun1t1es Sav11e (1961).and Bliss and. Svoboda (1984)

~

also descr1bed s1m11ar plant comnun1t1es on . ne1ghbour1ng islands in

,the western Queen E11zabeth Islands. " King Christian Island is

AR Y
-~

dominated by po]ar’sem1-desert with'some polar desert areas. Around
Cape Abernethy, the greatest cover of vegetat1on appears in a band
(ca. 1, 5 km w1de) 1 to 2. 5 km from the coast (Addison 1977a). 1In
po]ar desert areas where vascular plant cover is often < 1%, some
1so]ated Pockets of more duxur1ant p]ant growth appear in snowflush
s1tes although f%ese are usualiy bryOphyte dom1nated In semi-desert
port1pns~of the Island; ljchens and mosses can have cover'values of up
t}o 45 and 41% respectively (Bell and Bliss 1978) Bliss "and Svobode
]1984) 1nd7cated a pattern of 1ncreas1ng numbers of vascu]ar p]ant
Spec1es and tota] p]ant cover in going from sandy soils, to clay.

loams, to loams: The tota] number of vascu]ar plant species found on

King Christian Is]and is 35 (Bliss pers.. comm.).

-

The plant Tommuqjties of Truelove Lowland were described by
Barrett (1972) and M:)and Bliss (1977). Bliss et al. (1977), Muc .

(1977) and Svoboda (1977) described species composition, phenology and

- vascular plant pboductibn of the major plant communities on Truelove v
\

,

Léwland. Although the interior plateau of Devon Island is dominated

by po]Sr deseft, the series of coasta{\lowﬁands along northeastern

'jDevon,.of which Trqe]ove Low]ahd is,a part, support lush tundra plant

communities., The availability of soil moisture and a high net

~

- 3
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radiation regime on the Lowland is reflected by the lushness of the

vegetation and the diversity of plant §pecjes. As early éSﬂléés this

- area was recogn1zed as having a r1ch vegetat1on compared to other h1gh S

“‘arctic areas (Polunin 1948). The Low]and flora includes 97 vascu]gr _

species_(Barrett and Teeri 1973, Muc akd Bliss 1977), about 175
spec1es of bryophytes V1tt 1975) and 182 11chen species (Barrett and

Thanpson 1975, Richardson and F1negan 1977) In the Canadian ngh

~

Arctic perhaps only the Like Hazen area (82° N) has a greater

-

diversity of plant species (Bliss 1977¢).

? T 3 v <

¥

~ Plant Community descr1pt1ons of s1tes examined 1n th1s study are
P ¥

g1ven in Chapter VI. ' _ oy



CHAPTER IV

i

CLIMATOLOGY AND MICROCLIMATOLOGY'

a .
/

t
N

~ INTRODUGTION
Although the Canadian Arctic covers a large land area, there are
© few permanent weather stations compared with temperate regions and
« their establishment is quite recent. - In addition to data from the ‘

permanent stations such as those operated by the Atmospheric

Environment Service (AES). (see Boughner and Thomas 1962), knowledge of

. )

“arctic climatology has been supplemented by researchers who provided

short- term climatological information to AES (Maxwell 1981). The ..

-

~ Canadian High Arctic has long been regarded as an area haVin@ fairly

uniform climatic conditions. As.the data basé fncreases, it is
4 - ‘ .

" "becoming apparént that climatic conditions are diverse and climatic

- e

‘ regiOnsnand éﬁbregibns can nbw be defined (Maxwell 1980, 1981).

. Microclimatological studies are even mare recent; usually beiny
conducted on a short term basis (2-3 yr), mainly from the Low and
sub-Arctic (Ahrnsbrak 1968, Romanova 1972, Rouse and Stewart 1972,

Weller and Cubley 1972, Gray et al. 1974, Weller and Holmgren 1974,

.Skartveit et al. 1975). Even fewer studies have been conducted inithe '

High Arctic (Barry and Jackson 1969, Courtin and Labine 1977, Addison
. % ..

and Bliss 1980, Labine and Reynolds 1981). The IBP made it- possible

. \
36
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to compare high’arctic microc]imates with'microc]imates‘of other
" L. _— ’ o S ! ‘ ’
tundra regions (Barry g;”éli 1981). ", X B

i

v
- 4 .
S . , N . - \
\ . - - - .

. Arct1c plants must tolerate a un1que combinatian of env1ronmenta1

f_cond1t1ons,\a 24 h day]ength 10w s6il and air temperatUres 16@_ e

f

N w5 S
prec1p1tat1on, and a Shdrt grow1ng season.. The purpose 6f th1s
Y

¢ [N

+

4

o

section s to: (1) compare cl1mat1c cond1t1ons of a polar’ sem1 desert -

- -

s -

gred (Cape Abernethy) to -a pnedominantly tundra area (Truelove

Lowland) that has been termed a high arctic oasis; (2) to describe
t

~
LN .

te

~

microenv1ronmental conditions of ptant communities in which A]oQGCUrus !

- 3o

alpinus“is an important species; and (3) to provide mfcroclimatf;

information that coincides with plant physiologicdl studies 50 “that
" plant fresponses can be given ecological interprefatjons..
. .- -

Background climatological infbrmation is available for both Cape

_ - _ , . .
“Abernethy (Addison and Bliss 1980) and Truelove Lowland (Courtin and - -
Labine 1977). L, e ~

_ METHODS AND MATERIALS =~~~ o - | i

« - w RPN . : ) - \
¢ ot N ’ ‘ . R 2 !

. : . S :
N .

v

C]lmat1c stat1ons were estab]1shed at base camps on both 1s]ands.

At these stat1ons measurements and observat1ons of max1mum m1n1mdm,
’ / )
dry bulb and dew po1nt temperatures, prec1p1tat1on wind speed and

-

d1;ectﬁon cloud type, cover and he1ght and v1s1b111ty were recorded

twice da1ly;(07 and 19 h). . “ o . ’

\

\,.



~ Stevenson screen (Truelove). Dry and wet bulb temperatures:were“

: N
1 )

Maximum.: and m1n1mum temperatures were measured w1th maximum= -

Jninimum thenmaneters (Tay]on Instruments mode1v5458) p]aced in an

aluminum Touvered sne]ter (Vogel and Johnson 1965) (KCI) or a

] - Y
y h

N

| measured With a sl1ng psychrometer (Taylor Instruments) All

temperature measurements were made at standard screen height (1. S'm)

- -

AN

except for max1mum and m1n1mum temperatures on King Chr1st1an Island

dur1ng 1979 and 1980 (10-15 cm) . N1nd‘Speed (1.57m) ‘wds measured with

o)
a three=cup tota]1z1ng anemometer (Belfort -Instrument Co.).!

- Precipitation was measured with a Taylor Clear-Vu precipitation gauge

PR

(diameter'lO cm). Cloud cover, c]oud type, cloud height and

L

visibility were est1mated v1sua11y

[y

The collection of “continuous, simu]taneous'microcfﬁmatological'

information was made difficult by the unavailability'of duplicate

: R -
“instrumentation and by‘frequent instrument malfunction, espec1a1]y

“ L3

'1nstruments whose c1rcu1try was sens1t1ve tq mo1sture condensatmn

'The prob]ems of conduct1ng m1crocl1matolog1cal stud1es in polar -

regions have been d1scu55ed by Court1n and Lab1ne‘(1977) and Waltoh

(1982).‘ Spot read1ngs of some environmental var1ab1es supp]emented,

" the cont1nuous records durtng the intensive measurements of plant’ .

phys1o[og1ca1 responses . Intens1ve m1croc11mato]og1ca1 1nformat1on

b

was collected- af s1te 1 on both King Christian Island and Truelove

' Lowland. The env1ronmenta1 var1ab1es measured, 1nstrumentat1on,

instrument d1str1but1on and frsquency of measurement‘are g1ven in

Table 4.

{

<
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~ TABLE 4. Instrumentation, distribution and frequency of measurémént
at King Christian Island and Truelove Lowland Micro-
climatological Stations (Site 1 at each location).

»
¥

—— i

ENVIRONMENTAL INSTRUMENT  LOCATION  FREQUENCY*  YEAR
VARIABLE SRR ' 5
RADIATION - SRR “ /
INCOMING LI-COR | KCI c,p 1978
- SHORTWAVE PYRANOMETER ; ,
INCOMING AND KIPP AND ZONEN ¥ KcI c,p 1978
_ REFLECTED . ALBEDOMETER TRUELOVE ¢ P 1978
SHORTWAVE - | RS : , - a
GLOBAL RADIATION ROBITZSCH-TYPE KCI o 1978, 1979
: PYRANOGRAPH ~ TRUELOVE c 1978, 1979
PAR " LICOR QUANTUM KCI Cop " 1979

SENSOR : TRUELOVE + p 1978

- TEMPERATURE
" AIR TEMPERATURE  BELFORT S G c 1978, 1979
e HYGROTHERMOGRAPH  TRUELOVE C 1978, 1979
AIR TEMPERATURE  THERMOCQUPLES =~ KCI C,P 1978, 1979
C e Y TRUELOVE  ¢,p -~ 1978, 1979
SOIL TEMPERATURE THERMOCOUPLES ~ KCI C,P 1978, 1979
N R TRUELOVE  C.P 1978, 1979
. NIND A |
SPEED BELFORT 3 CUP kel C - 1979
A - TOTALIZING . . -
| ANEMOMETER » | . ~1§V“ :
PROFILES - HASTINGS-RAYDIST  KCI ° p 1979
L * HOT WIRE TRUELOVE P . 1978,

. ANEMOMETER -
ATMOSPHERIC .MOISTURE |

© BELFORT KCI

c 1978, 1979
HGYGROTHERMOGRAPH . TRUELOVE C 1978, 1979
SLING KCL P 1978, 1979
PSYCHROMETER . - TRUELOVE p 1978, 1979

*Frequency C = (l:ogt;']r)wous,‘lé = Pertodic (spot measurements taken

) . . A

N
AY



,measurements;of-plant phys1b1ogﬁca] responses.

T

Incoming and reflected shortnave radiation (280-2800 .nm) was
measured w1th a K1pp and Zonen A]bedometer (Model M-4) at 1 m.
Incoming shortwave rad1at1on was also measured w1th a Li-Cor

Pyranometer (Mode1 Li 1905) - In 1978 the output of these rad1ation

sensors ort Truelove Low1and was 1ntegrated hourly on a data f

K4

acqu1s1t10n system‘(Campbe]] Scient1f1c, Model CR 5) On K1ng

‘Chr1st1an Is]and sensor outputs were: recorded on a portable str1p

~

‘chart recorder (EsterT1ne Angus, Mode] T l]l-B) equ1pped with a

\

| 3 sw1tch1ng system to read severa] sensors on a s1ng1e channel (C".P.G

v,

: C]a1r Canada) In 1979 the CR 5 data~acunS1t1on ‘system was used on

AN

fK1ng Chr1st1an Island none of the above measurements were made on

P

Truelove Low]and that year. Frequent ma]funct1on1ng of 1ntegrat1ng

and record1ng 1nstruments ‘made 1t necessary to . take spot readings wrth

h B

a m1crovo1tmeter (wescor Mode] MJ Sb) Spot read1ngs were taken c

every 1 3 h durlng “dayt1me" hours and 1- 8 h dur1ng‘"n1ght" hours .
3 .

Most frequent spot~read1ngs (1 2 h) co1nq1ded w1th 1ntens1ve

]

~

¥

G]obaT radiation (350 3500 nm) was recorded continuously on.a -

' Rob1tzsch-type b1meta111c str1p pyranograph (Belfort Instrument Co.,

4

:‘Model 51850) positioned w1th the- sensor at 15 cm.

voo -~ N y V.o

’ TN
-

A A1r temperature~and atmOSpheRJC hum1d1ty (10415FCm) were récordéd

cont1nuously“w1th a hygrothermograph (BeLfort Instrument Co., Model

Q:ment was housed in an alum1num louvered she]ter //
1 5 .

t site I of both study 1ocat10ns and was -
¢ AY :
th a s]1ng psychrometer. .

- -7 RN
. 4 ~




Air temperatures ‘at 5 and 20 cm were measured with fine-wire
(0.025 mm diam ) thermocouples and so#l temperatures at ;25; -1%, -10,
" and -5 cm were measured with 0.13 m d1am. thermocoup]es. Soil

surface temperatures were measured us1ng a network of five fine-wire

A

thermocoup]es connected in parallel Surface temperatures were taken
of . bare m1nera] on organ1c peat 5011 surfaces that had no 11tter

Jaccumulat1ons. At True}ove slte 1, two such networks were used for

hummock tops and in ho]]ows. 'Temperature.geasurements were.s1m11ar to

radiation measurements in'#?equency‘and method of recording. fwhen
possible, data were. 1ntegrated on. the CR b data acqu1s1t1on system or

were measured on a spot reading bas1s wlth a m1crovoltmeter hav1ng an

e]ectron1c reference (NeScor, Mode] MJ- bb) For 1ntna Slte

e

\compar1son temperature profiles wefe measured at K1ng Chr1st1an o R

Island and‘TrueloVe»s1te 2 durjng_the last two weeks of July 1978.

T -

-‘~. <

w1ndn5peed was mea5ured wtth a:.3- cupstota11z1ng anemometer at- Kang
Chr1st1an Is]and Site 1 1n 1979. N1nd profiles at all four maJor , e

study sites were detenn1ned w1th a hot w1re anemometer and an <, -y

omn1d1rect1ona] probe (Hast1ngs Rayd1st Mode1 AB-27). A m1n1mum of .

seven. sets of readings were taken at 5 10 20, 50, 100 and lbU cmt,‘
On‘Truelove de]and w1nd speeds were, often low: (Courtfn and Lablne

1977) and for the period that prof11es were measured w1nd speeds at l

r 1

m ranged'from 2~8'to~3 5ms . Prof1le determ1nat1ons dur1ng | h

moderate to high w1nd Speeds are des1rab]e for 0pt1mum 1nstrument

(S

‘ sens1t1v1ty (Add1son 1977a) fﬁ . t* g .

; » . L
: v o . L ' Iv
Precipitation at intensive sites was assumedto<§;similan to- the . :



o d1fferences between 15 and 150 cm allows a conpar1son to be- made of

'
-

42

precipitation~recorded'at respective basecamp climatic stations. . - “\
RESULTS AND DISCUSSION

Base‘Camp}Statlons‘ e .

' ) . : R . y

1 The progre551on ‘of temperature through the 1978 1980 growlng
seasons at Cape Abernethy and Truelove Lowland (F1g 6) 1nd1cates B
' greater var1ab1l1ty of mean max1mum and m1n1mum temperatures at the ‘
sem1 desert locat1on._ Over the three grow1ng seasons, the d1fference
between the h1ghest and lowest mean weekly temperature averaged 7 4° C :ﬂ L
at Cape Abernethy as compared to. only 3. 3 C for Truelove Lowland |
:f-S1m1larly, the max1mum and m1n1mum temperatures d1ffered respectlvely ,3- 4 Q.:
'.by 9.9 and: b 9° c at Cape Abernethy and by 5. 0 and 3 2° C at Truelove f
}Lowland R B f Ll
| Accumulated degree days from July 1 to mid= August‘were 51mllan—for :
| both locat10ns in 1978, greater at King Christ1an Island 1n 1979 and p‘
; greater at: Truelove Lowland in 1980 (Flg. 7) Some of the var1at1en
’between 1slands ar1ses from d1fferent sensor}he1ghts (15 cm- at K1ng
Chrlstlan_Island and 150 cm for Truelove) At a mo1st moss-lichen— ];

rush s1te on King Chr1st1an Island Add1son (1977a) reported a

\ d1fference of 25 degree days between 2 he1ght of 15 cm and 150 cm. Ah,:~;1 .

. . S . e .
o eI R A e ST b LAl B L e e ENE e S

| est1mate of accumulated degree days at 150 cm for K1ng Chrlstlan L’hf” !g".

Is1and based on measured values at lb cm and Add1son s (1977a)

5 e 0

i 5ot 1k e Y o1 s

accumulated degree days for a common he1ght at both 1slands (Table 5) |

T
.Y

}.“ . . . : i 5 o o Ca ot
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Mean weekly maximhm;;mjnimum, and mean
air temperature at Cape Abernethy
(15 cm) and Truelove Lowland (1.5 m),

- base, camp stations, summers 1978-1980.

t e
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Figure 7.

=~

AccumuTated degree days above 0% at
base camp climatic stations, Cape

. Abernethy (15 cm and estimate for

1.5 m) and Truelove Lowland (1.5 m),
July, August, 1978-1980. Estimate for
1.5 m at King Christian Island based on
differences in degree days measured by
Addison (1977a) between heights of

15 cm and 1.5 m at the same location.
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TABLE 5. Accumulated degree days (heiyht = 1.5 m) for July, King
“Christian Island apd TrueTove Lowland. .

A

YEAR CAPE ABERNETHY TRUELOVE LOWLAND
i . > i? . .
1973 ’ 195¢ . 121" |
1978« 4 1dew . 7108 .
1979 . 103 e
1980 | 9g** ‘ ~ 133

~ : A

v Bliss (pers. comm.)

* Addison (1977a) | :
** Estimated from values measured in this study at.15 cm and adgusted

to 1.5 m based on degree day. d}fferences between these two he1ghts
measured by Addison (1977a). | -

AN
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Desp1te greater July degree days at King Christian Island in 1978 and
w

1979, Fig. 6 1nd1cates that the thennal enerqgy ava11ab]€‘fo(\p1ant
growth was distributed more evenly through the‘grow1ng season a;ﬂ,
“*Truelove Lowland while at King Christian Island it appeared to Qe,},

concentrated into a 2-3 week period of high air températures. jA
’ lfnger growing season on Trdeler Lowland is supported by a greater
slope of degree day.curves (Fig. 7) in the late summer of 1978 and
1980. Temperatures at King Christian Island we '/erﬂmch_higher than
l those reported for this location in 1973- 1975 (Addisoh 1977a;?Addison
| and\Bliss 1980) whereas Truelove Lowland experlenced re]at%vely 1ower
femoeratures (1973 and 1979) than previously reported valueS’(Courtin
- and Labine.1977). This shows the need for 1ongyterm fnformation in
monitorihg unpredictable climates.

\

Precipitation was variable at both locations (Fig: 8) with summer

totals fa]lihg within the ranges previously reported (Courtin and

'Labine’IQTTg;Addison and Bliss }980).' Much of the summer precipi-
tation wae aocounted for by a few heavy rains. In the first week of
July 1979, as much as 19.8 and 10.0 mm of rain was recorded in a 12 h
period at Truelove Lowland and King Christian Island, reSpectiveTy.
Suoh values are high for these northern ]atitudee (Courtin and tabine

i 1977)- and exceed the fotal summer orecipitation at some hidh arcticl
sites (e.g. Truelove Lowland 1980). Both locatiohs had an average'of
17 d with trace prec1p1tat1on over the three years of observat1on. )

l Prec1p1tat1on 1n arctic reg1ons is large]y assoc1ated with cyclon1c

activity: (Thanpson 1967 Add1son and B]iss 1980). Much of the

4

precipitat}on occurs as small precipitation events. Barry'and Jackson

48



N
. v ’ ~

. : ”
* R . . i’“}
: . T
N e

"4

Figure 8. -Summer (July, August) precipitatidn at
_Cape. Abernethy and Truelove Lowland,
*1978-1980. - '
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f

*+(1969) noted that over~five summers at Tanquary Fiord, precipitation

occurred on about 40% of the days yet measureable amounts occurred on

only 1A%, Addison (19Z7a) concluded that on King Christfan Istand,

,o

soil moisture was more closely related t6 the frequency of precipi-

~

Lo !
tation than to the amount: TheSe reports concur with the conclusions

A

f Sala’ and Qauenroth:(1982) who suggest(‘ad'tha't\sm.a‘l"]‘precipitation'.~

J i SN
events are eco]ogicg]ly}significant in semiarid regions.
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Over the.three summers, Lape Rbernethy wind speeds were consis-

tently higher than those at True]ove Lowland (Fig. 9). Mean weekly
-w1nd speeds (1978 1980) ranged from 1.3 to 4.5 ms af”Truelove

compared to 3. 1 to 6.0 ms “l -at. Cape Abernethy. tThese ranges
correspond to those preﬁ1ous]y reported for both study 1ocat1ons

(Courtin and Labine 1977,_Addrson and Bliss 1980).| Periods ef+ high

" mean weekly wind speeds at Truelove were associated with foehn winds -

(Courtin and Labine 1977, 1978) when~§oeeds féathed as high'as 11 m
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Cloud cover was S1m1]ar at both locations through the 1978 and

l
- 4.

1979 growing seasons (F1g 10) Mean cover for these two summers was

PR

77 and 76% for Cape Abernethy and Tnmelove Low]and respectively.

LA

‘Addnson and Bl1ss (1980) reported K1ng;Chr1stﬁan Island as hav1ng a

» . 2

high pércentage cloud,ooyer{(84%) compared to other h1gh arctic

%tations.‘iCouPtiq'and‘Labine $1377) described Truelove Lowland as

u,;hqiing a net radiation regimestypical of more sbuthern latitudes due .

fto:the dissjpation of cloud by waem air'masses that are heated dry

3
r

Do

adiabatically when they destend from the Devon Icecap. fBaSed on " these

+
PR ~ i s

N
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Figure 9.  Mean weekly wind speed (height 1.5 m)
at Cape Abernethy and Truelove Lowland,
summer (July, August) 1978-1980. -

" Figure 10. Cloud cover at Cape Abernethy and ]
: "Truelove Lowland, summer (July, August)
1978-1980. L
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previous studies, the 1978 and-1979 trends in cloud Cover were

A3

different than expected. Summer cloud cover 1n 1980 however was mpre,//////d

typ1cal of the trends suggested by Courtin and Labine (1977) and
Addison and Bliss (1980) with cloud cover at Cape Abernethy'(89%)

S5

being apprec1ably h1gherxthan at Truelove Lowland (70%).

Comparing the summer climate of the'study locations during thﬁs
study to prev1ous cl1mat1c 1nfonmat1on 1nd1cates that mean values at
Truelove Lowland dur1ng th1s study were similar to those of Courtin
and Lab1ne (1977) (lable 6).* This was especially true of temperature,
where mean and maxlmum'temperaturesyfor the. two per1ods of study
differed by less than 0.2° ¢. At Eape Abernethy, the meanytemperatune
for this study (3.{0_C) was higher thah that reported by Aadlson -
(1977a) and~Add1$on and Bliss (1980) (2-36'0) however sensor he1ght
in this’ study was 15 cm* compared to 1.5 m for that of Add1son and
Bl1ssv; Had a 1.5 m sensor he1ght been used in th1s study, mean

oy

tempenature at Klng Chr1st1an ISland may have beeu{'”};

(AN
k4

than that reported at 15 cm. .
N i i
. > e 2 l\ -
The sumpmer cl1mate at Truelove Lowland was more r1gorous in 1979
“than in any dther year dur1ngith1s study or dur1eg 1970 1973 (Court1n '
and Lab1net1977) " Mean, max1mum and m1n1mum temperatures and -
accumulated degree days were Tow wh1le wind Speed was high. Mean
weekly minimum temperatures for July and August were conslstently
below U C. Th1s part1cularly cool summer at Truelove Lowﬁand and

~ three relat1vely warm summers at K1ng Chrlst1an Island resulted in

s1mllar mean 1978 1980 temperatures at the two study ‘Tocations. G

4
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TABLE 6. variation of summer {July, August total of-mean) climyte at Cape Abernethy and Truelove. Lowland. w
r
LOCATION TEMPERATURE °C . PRECIPI- WINDSPEED ~RELATIVE  CLOUD  AUTHOR :
YEAR MK, MEAN  MIN.  TATION (10 m) HUMIDITY  COVER 3
) (mshe (%) (1) ; ,
CAPE ABERNETHY ; ; ) :
1973 - X - toes 5.9 97 87 ADDISON AND BLISS (1980) *
97T A 2.6 - 3 5.9 9 " 78 ADDISON AND BLISS (1980)
1975 o 2.1 - v 7.6 9 85 ADDISON (1977a) . /
1978 6.4 3.7 1.0 16 5.2 89 76 THIS STUDY - )
1979 8.5° 3.4 0.9 3 1.0 87 78 THIS, STUDY.
“1980 6.4 3.1 1.0 27 6.2 92 89 THIS STUDY
mean 197331975 -- 2.3 - 40 " 6.46 95 83
. ‘ .
mean 1978-1980 6.4 34 0.9 25 6.13 89 81 -
collective mean 6.4 2.9 V.96 A 6.29 92 82
3: < 4 RS
1970 6.6 3.8 0.7% 27 - 3.1 89 - - 'BLiS;'(1975) :
971 6. 3.6 125 50 3.2 81 - aussAens, G 0 L
. , ki .
1972 4.9 2.6 0.3 TR BT 8 -~ BLISS (1975, 1977)
. . - ol e . . . .
1973 7.6 © 4 1.95 62 3.0 86 - BLISS (1975, 1977) - - v
98 7.4 4 0.7 21 8.0 96 8 THis stupv '
1979 4.5 2.4 7 0.6 51 5.1 ) 74 THIS STUDY
1980 7.3 T4 1.1 12 2.9 " 92 © 70 THIS STupy "
mean 19701973 . 6.3 i 3.7 107 ¥ 2 8
. Mean 1976-190 6.4 3.8 0.4 28 au 90 [u
7 en 3 - 3.56 .88 ZEE ‘
Bliss (1980) and This Study adjusted to 10 m after Monteith (1975). p = /.

-

[

 Temperature for KCI 1978-1980 was measured at a height of 15 cm while all other temperature data is from 1.5 m.
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Based on the collect1ve data: of this and prev1ous stud1es,
Truelove Low]and has a higher mean temperature lower wind Speeds,
1ess cloud eover and greater grow1ng season degree days than King
Christian Is]and-(Tab]es 5 and 6). o j

: v N

During the periodtof11973-1975 Addison and Bliss (1980) descriped
King Chr1st1an Isﬁand as having one of the most r1gorous summer |
climates in the Canad1an High Arct1c. Courtln and Lab1ne (1977)

descr1bed Truelove Lowland as a h1gh arct1c oas1§%w1th a favourab]e :

thermal reg1me and net rad1at1on S1m1lar to 1ow arct1c locat1ons.

' Compar1ng the summer c11mate of the two ‘study 1ocat1ons to that of o

7 :other h1gh arct1c stat1ons for the p%$1od 1978 1980 K1ng Chrlst1an -
’.iIsland and Truelove Low]and had s1m11ar temperatures to Eureka and
wh1gher temperatures than the other s1tes cons1dered (Table 7)

AdJust1ng the mean summer temperatune at Cape Abernethy to-a sensor -

3,
height of 1.5 m (after Add1son 1977a , would decrease the va]ue in .

| Table 7 by 0. 8 C i If th1s est1mate 1SA§§rrect the~mean tempe?ature

: at Cape . Abernethy would be more s1m11ar to those at Resolute Bay and

e

~_Rae Po1nt.

* an summer precipifat1on at Kxng Chr1st1an Is]apd and

'True]ove Lowland was’ sim1]ar and fel] w1th1n the rang%.of values frmn :
other statlons. w1nd Speed at Cape Abernethy was h1gher than at other,‘“

:s1tes wh1le Truelove Lowland ‘had w1nd speeds lower than most statlons.a_ailr.”'vz

>

=¥
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‘“S1m11ar trends were observed with c]oud cover. where Cape Abernethy 'd<f"

<]

'>ranked among the htghest and Truelove among the”lowest cloud cover

' percentages reported. |

o
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" Maxwell (1980) indicates that there.has been a general cooling” . - .

s
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TABLE 7. Summer (July- August)”cldmate for high arctic sites.

Values are means'of 1978-1980. Stations 6ther than Cape
Abernethy and Truelove Low1and are from AES (1978

1979,1980) .-
- . 4 A .
: - ‘ TEMPERATURE -~ PRECIPI-  WIND- ~CLOUD
- ' S ~ T TATION SPEED  COVER -
LOCATION WX MIN . MEAN (mm)  (msTh) (%)
CAgE ABERNETHY o - | -
777 45" N . By 1.0v 3.4 24.8 6.2 81
o oo Lo (2.6)v ‘ :
TRUELOVE | | .
LOHLAND o o I - |
33N 6.4 ° 0.4 3.8 28.1 . 4.0% . 74
EUBEKA L \ | N ]
© 807 00' N 6.5 - 0.9 3.7 19.% 4.6 70
D; ' e {;3 ' ) "‘v,_/—"" \
» noguo BAY A - ) SR
76714 N - 083, <050 1.9 3.7 5.4 84
RE% POINT S o ‘ | RN
75" 21' N 5.0 0.6 2.8 6.1 - -
| ) .
RE§OLUTE BAY SR
443N 5.2 0.2 2.7 46,5 . 5.6 - 81
ALER - - » T
30' N 5.2 0,3 2.4 399 3.7, 74
T"

* Hindspeed for Cape Abernethy and Truelove Low1and corrected to 10 mn
. after Monteith (1975). o ‘
v Temperature data for King Chr{stlan Island is from a\sensor he1ght S
L » ; of 15 cm while at all other stations, temperatures were measured at
=0 1.5 m, “The value in parentheses is the mean summer temperature for
o Cape ﬁhernethy adjusted to a height of 1.5.m- after Addison\(1977a) :



“trend in arctio regions north ot the Parry Channe]'since'the eariy A'
1960's. Temperature differences wouldhcadse shifts in thelcirculatiOn

of air masses and posSibly’bentres of cyclonic activity Suoh shifts _
might Cause areas that have been typ1cally warf to have recent . o
temperatures that are 1ower than long term nonna1s. This may explain
s1m11ar summer mean temperatures ate Cape Abernethy and True]ove

Lowland during th1s study while prev10us reports 1nd1cated much lower

\

temperatures at Cape Abernethy and sl1ght1y\hrgher temperatureS‘at - -

Truelove Lowland.

. , - A . ., .
. - - .
° i . \
) . . . .. .
. . .\
. . . . 3

© Figure 11.illustrates the extremes of available information for -
differences of mean temperature at the two study locations. Higher
comparative temperatures at Cape Abernethy in this study'are only

partiy attributab1e~to a low sensor height (10-15 cm) beihg oompared
to readtngs at. standard he1ght (150 cm) Addison and Bliss (1980)
o N

.'1nd1cated that temperature d1fﬂ§rences (5 day means) between 10 and

[

, ‘_150 cm for early July, early August “and 1ate August d1ffered by no

Al

more than 0. 5 C for a dry site and no more than 1° ' C for a moist s1te

14

on K1ng\Chr1st1an Is]ind. ,Cons1der1ng temperature differences of this

" magnitude between 10 and 150 cm, King Christian Island, temperature

e

” vaiues'durdng peak periods were stf]l relatively%high;

~ r

Study Site Stations\'

Global rad1at1on was var1ab1e through the growing season and

;between_years at both locattpﬁ”'however trends over a. 91ven 3ummer - at

both K1ng Christian Island and Truelove Lowland were similar w1th the
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Figure 11. Comparison of mean temperature at Cape

: < .Abernethy and Truelove Lowland for the
summers of 1973 and 1979. Data for L
1973 are from Courtin and Labine (1977)
(Truelove), and Addison and Bliss
(1980) (KCI), Data for this study and
for Addison-and Bliss are weekly means.
Data for Courtin-and Labine are 10 d

- means. Sensor height was 1.5 m except :

for 1979 data at King Christian island,
where sensor height was 15 cm.
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- King Christian Island respectively were 25.6 and 21.3 M md

was greater at Truelove Lowland where values‘averaged 16.9 MJ m “d

exception of August;1979 (Fig. 12). Global radiation decl1ned at bd%h '

.locat1ons throughout the 1978 season and to some extent at King

Chr1st1an Island in 1979, This corresponds tb the seasonal trends of
decl}n1ng radiation prev1ously reported for both locations (Courtin

and Labine 1977, Addison and Bliss 1980). Global radiation was

-

- consistently higher at Truelove Lowland through the 1978 and 1979

growing seasons. Mean daily values for July at Truelove Lowland dnd
2471 for
1978 and 22.9 and 19,7 MJ m 2d for 1979, Previously reported values

of July-August means for 1973-1974 also showed that global radiation
' 2 -1

2

" (Courtin and Labine 1977) compared to 12.6 M) m2d" at King Christian

Island (Addison and Bliss 198U)t Lower July-August means for 1973-74

compared to July means for 1978-79 indicate the degree to which global

‘*Tpnk;radiation decreases through the growingfsgason. d
4 _ o

ey

¥,

il BN

H

y -7

Reflected shortiave\radaatfon1ﬁveraged 12% of global radiation at o

K1ng Christian Island and 15% at Truelove Lowland (site 1 at both
locations)., Measurements in the early, mid, and late 1978 growing
season indicate that albedo (0 12 and 0.15) remains constant through
the stmmer, a trend also observed- by Addison and Bliss (1980). Albedo
was s1m1lar to values previously reported at King Chrlstlan Island
(U.lO«and 0.12) by Addison and Bl1ss (1980)’and'Truelove Lowland (0.11
and 0.15) by Addison (1977b), - SR .

The amount of photosynthetically active‘radia{ion (PAR) received

by plants at both locations can be est1mated from'flg. 12 " The ratio

O
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Figure 12. '

B

Global radiation at Cape Abernethy and
Truelove Lowland, summer 1978-1979,
Values represent 5 d means.

)
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%

" favourable environment for photosynthesis in temms of PAR.

-y

of PAR to global radiation ranges between 0.47 and U.50 (Szeicz 1974,

* Stanhill and Fuchs 1977, Addison and Bliss 1980,~Somers 1981) and is @

constant over a wide range of latitude and for a variety ofvatmosﬁ
pheric conditions. Slightly higher ratios (0.51-U.52) occur with

overcast skies or at low sun angles (< 10°) (Szeicz 1974). Appl&ing‘af
value of 0.50 (Addison and Bliss 1980, Somers 1981) to the data in |

Fig. 12 would therefore suggest that Truelove Lowland offers a more

F.

'Temperature (15 cm) at site 1 of both locat?ons was variable
throughout both seasons of measurement (Fig. r3l,i,1n 1978 |
temperatures at King Chrlstian Island and Truelove were similar
through much of July, A'Lever by late July and continwing through

August temperature was cons1derably higher at Truelove Low]and with

mean weekly temperature at K1ng Christian Island be1ng near U C after

August 5. An 1ncrease in temperature at Truelove Lowland for

-~

- August 1-3, 1978 is assoc1ated with a per1od of foehn w1nds. In 1979

v

temperatures were higher at Truelove Lowland from early to m1d -July,

however for late July and early Augus 5 King Christian Island

: p‘temperatures were cons1derably h1ghe than those at Truelove Lowland

with absolute'da1ly maxima reach1ng 1%. . This per1od of . unusually\\///’

“ .. 'high temperature at K1ng Christian Island was 1mmed1ately followed by

temperatures that were unusually low Wlth a mean value for. the week

. -}'end1ng August 19 be1ng -1:8° C... Although values for Tate August are

{

not complete, temperature data for th1s study and prev1ous stud1es

e1nd1cate that Truelove Lowland offers a longer season for plant ‘

, growth

64
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Figure 13.:

Mean weekly temperature (haight, . 15 cm)
at Cape Abernethy and Truelove Lowland
(site I for boqﬁ locatlons), summers

1978 1979

§
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Greater seasonal variation of air temperatune at King Christian
Island is’refletted.ln soil temperature profiles for selected periods
during the 1978 and 1979 growing_séasons (Fig} 14). In 1978 thermal
gradients and range of temperatures for a given height or depth became
much reduced on King Christian Island byvearly August compared to
late July. At Truelove Lowland however, thennal gradients and
temperature ranges were cons1derable for early July, late July and
early August Max1mum sdrface temperature. at Truelove Lowland and |
K1ng Chr1§tgan Island were similar for the per1od July 25 31 (lb 8 and
15. U % respect1vely) however for the per1od of- August 9 15, maximum
- surface temperature at K1ng Chr1st1an Island réached only 4. 8°c
compared to 18.4%C for the same per1od at Truelove Lowland.
Temperature prof1les for 1979 1nd1cated a great var1at1on in range at
}K1ng Christian Island through the growing season. Thennalagrad1ents
'and mean‘temperature values,were considerably lower‘at Tf"P]OVE'V
Lowland for July 25- 31 1979, thanlfor‘the same period in'1978
Summer air temperatures at Truelove Lowland were lower in 1479 than
‘any other year of thls study or that of Courtln and Lab1ne (1977).

Addison (19775) reported thatyair‘temperature.at_King Christian .
Island'was correlated‘with globallradiationn(r = 0.8) and that'surfaeg .
l.temperatures were. hlghly correlated with air temperature (r = 0 96)

In this study, steepest so1l tenperature grad1ents at Truelove Lowland
correSponded to per1ods of greatest global radfation. Steep thermal
,Jgradients resulted frun con51derable surface heat1ng with l1ttle

temperature change at lower depths (- 15 to =25 ch). Truelove study .

sites are located on highly-organicrsoils whereas King Christian‘

©
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Temperature profiles at Cape Abernethy
and Truelove Lowland (site 1 for both.
locations) for selected: periods during

the summers of 1978 and 1979, Middle
‘tautochrones represent a 7 d mean.
-’temperature. Qutside tautochrones are

absolute maxima and m1nima for the same

7d pémod.
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Is\and sites have m1nera1 so1ls wlth 1ow orgaglc matter content (see B 'hit

‘ Chapter V). Thennal conduct1v1ty of organJc so1ls is much 1ess than;

Ve

‘1d1fferences (week]y means) betwétn’u and' b tm- were 3 6° C. dur1ng
B A . 1)":5\;(,.,.

that of m1nera1 50115 (Van N1Jk 1965) Max1mum so11 temperature ff:,_ ) ,'?"3&

per1ods of moderate air tenpenatures,at TrueIove Lowland compargﬁ to ,
b v

z C for perloQS ,of unusualfy high a1r temperatures at K1ng Lhr1st1an’ . T
$t PN

g Island. Gfgater tbermal conductivzty of Ktng Chr1st1an Island 50115 .h'ﬂ“

.
o v

allowed for a_ greater range of temperatures at -25 cm compared to

\

True]ove so1ls (F1g. 14) and also contr1buted td greater active 1ayerﬂﬁf,ﬁ’

v -
b S

‘depths at,;1ng Chrlst1an Island (see Chapter‘V) ' 1 v',- ;‘;ﬁ'"*dp'},f
o o , Ve D e
5011 temperature prof11es were compared for 51te 1 and site 2 at ,i'h»:'%vai i

Y

both 1s]ands for two days in 1ate July 1978 Da11 means.fon.so11

temperature were - s1m1tar at- True]ove 51tes 1 and % Qkxh QPEatest f;i :ﬁoiof?fti';
d1fferences occurr1ng at the surface (F19 15) Temperature prof11es :?;{i;:f‘{'f
for soils at Klng Chr1st1an,Island sttes 1 and 2 1nd1cated that / D
temperatures were consistently h1gher at s1te 1 Lower soﬁ1 m°f5ture f’ f: pf;,lt

of heat through'the so11.i

The effect of sllght topographicVd:ffer-ndgn,e




“ Figure 16. Comparison . of surface temper ture for.

/

Figure 15. Soil “temperature profiles at sites 1
and 2 at Cape Abernethy .and Truelove
Lowland, Ju]y 30-31, 1978.

A

/
hupmock tops and hollows at fruetove
site’l on a sunny day (July @1, 1978).

3 ~
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\

climatic statiqn (1.5 m), 1.5 kn away (Fig. 17). Lack of major
topograph1c features at King Chr1st1an Is]and a]low wind speed and

: d1rect1on to be fairly constant over-large areas. .Rae (195})\
1ndicatéé that wind speed in arctic regions was generally no greater

3

 than at temperate latitudes but suggested that wind effects may be

J

greater because ‘of the re]atiye]y smooth surface of arctic 1andscapes,

~Wind profiles measured durTng periods aof moderate wind speeds showed
that values at K1ng Chr1st1an Island‘study s1tes were. s1m1]ar to eaﬁh
other (F1g 18) and to values méasured by Add1son (1977a) Prof1]es
at Truelove s1tes (F1g 18) 1nd)cated greater d1fferences 1n w1nd
speed between 5 and.20 cm than at Kiny Chr1st1an Island s1tes.

Greater p]ant cover and the presence of 1ce-centre po]ygons ‘and earth

hummocks at True1ove s1tes would cdntrlbute to a greater surface -«

roughness and greater boundary. 1ayer res1stahce. Although mean summer

PR l

// w1nd speeds were greater at K1ng Chr1st1an Is]and max1mum w1nd speeds

" were greater at Truelove- Lowland ‘and were»assoc1ated w1th per1ods of
x . 4

‘foehn winds (F1g:,19). U, oo - . ,: S

~

t"‘ »,
In’ summary th1s study has shown that the summer cl1mate of

-

True1ove Low]and is more favourable for: p]ant growth than at JCape .. N

o )

o .

“

Abernethy.- A]though annua1 climatic var1at10n was observed at both

N

study 1ocat1ons, mean values over the two or three ‘Summers. of

t

A
- measurement show that Truelove Lowland‘had greater globaL rad1at1on

. greater mean air temperabure greater degree days (July 1 to

e

-'um1d August), a 1onger groW1ng season greater prec1p1tation, less

,“c1oud ‘cover,’ and 1ower w1nd Speed than d1d Cape Abernethy.

&,

‘Cons1der1ng that Cape Abernethy is dom1nated by semi- ~desert 1andscapes

-

' : o o . . -
b . v . . L . . . . .

w

73
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Figure 17. Comparison of windspeed at KCI site 1"
- -._(height 0.5 m) and KCI base camp
- (height 1.5 m), symmer 1979.
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‘where spec1es r1chness, percent cover. and product1v1ty of vascular
“plants are much lower than at the tundra—dom1nated Truelove Lowland

these observed cllmat1c dlfferences are expected Notable except1ons

"{to the expected climatic d1fferences between the two study 1ocat1ons

N

“very warm days where the air temperature exceeded 10° c. Sugh

' arct1c sites.,

were observed. In two of the three sumemrs of measurement Cape

_Abernethy had a greater number of degree days dur1ng July than did

Truelove Low]and Cape Abernethy a]so had a much higher frequency of

LA ‘.
e
-

\.*‘. FE

observations, together w1th the~cons1derab1e annua] c11matfc -

_ var1ab111ty observed at both 1ocat1ons during this study, support the

‘ L]

need for long-term information” in compar1ng the cl1mates of h1gh

.

¢

N
Sl A K
; - I

Py

Areas such as True]ove LowTand'are'rare in the High Arcfic‘- }-x

os‘ppylng less than one percent of the land area. The h1gh b1o]og1ca1

'product1v1ty of such oases are 1nd1cat1ve of favourab]e climatic

'vcond1t1ons that are atyp1cal af these 1at1tudes. Ihat the 1ong term

climate of Truelove Lowland is more favourable for p]ént growth than:
¢ .

that of tape Abernethy, deSpkfe the anomalles observed dur1ng th1s

'fstudy,\as best supported by the conS1derab1e;d1fferences in plant

speclfs r1chness-and prOduct1v1ty bety%enTFhese‘locatlons.

i N R



. "CHAPTER V

INTRODUCTION ., = K

. . » v . - N\ to
The soils of the polar desert and semi-desert regions of the High
Co o0 T ¢ )

. Arctic are‘;haEaCteristicaldy azonal and approach being ahumic. Even
“_the organfc bog and tundra soils are poorly developed. Mechanical

i:weathering dominates thé'weakened pedogenic processes. Due to a

reduction of bioWogicaT and chemical activity at Tow tembecatnre and
‘ mo1st cond1tions chem1ca1 weather1ng is great]y reducedﬁ An

-i1nd1cat10n of the degree to wh1ch pedogenes1s 1s weakened at- these -

A3

northern . 1at1tudes was g1ven by James (1970) who examined two separate ’
" low arct1c so1ls and found that although they d1ffered in age by 4UUU

yrs they were pedogen1ca11y s1m11ar.‘ ' v:“ ,

yo

Ve

P]ants growing in these soﬁls-are~facéd with the, presehceio? a

sha]low permafrost table that 1mpedes dra1nage and 11m1ts root

K4

penetrat1on and w1th a nutrient regime 1ow in essent1a1

macro-nutrients such as nltrogen and ph05phorus. Frost actxon causes .

14

f;cryoturbat1on and format1on of patterned ground Microtopographic

. dvfferences that result fran frost act1on have 1mp11cat1ons on surface

\

energy and water exchanges that lnfluence the types of p]ants and

»cunnUn3t1es that‘pccur. The 1nteract1on of s011 frost and vegetat1on s

. - « .
- A . -
T~ : v .
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has been d1scussed by Benn1nghoff (1952 1966) Brown (1966) ahd _

A

(”' Johnson (1966) Prev1ous work on~the so1ls of the two study locattons

. was referred to in Chapter III. Descr1pt1ons of the so1ls and so1l

4

'METHODS AND MATERIALS

at depths of 0U-10 and.10- 20 below the surface for mgthan1cal and ,

processes of . arct1c reg1ons have been g1ven by Tedrow and Cantlon

(1958), Tedrow~(1966,.1968, 1977) and Reiger (1974).
The aims of this section were to (1) compare the chemical EL- 4
phys1cal propert1es of the so1ls of polar sem1 desert plant

communities and tundra commun1t1es in which Alopecurus alplnus is a

domlnant or gn 1mportant spec1es and (2) to attanpt to determine the

f so1l charact ristics that lead to a luxur1ant growth of Alogecuru 1n?

Y

h1gh arct1c env1ronments. .

. N ,., ' an - .. "'R
At each ‘of the four major study s1tes, so1l samplés were collected

By

"

chem1cal analyses. Samples were‘also collected for analyses at

~ SN

's1mllar depths fran exténs1we s1tes where Alogecuru WAayg- an 1mportant

' spec1es. AnalySes were conducted on so1ls from two sem1 desert s1tes,

O

";'at Malloch Dome, Ellef Rtngnes Island for canpan1son w1th 501ls at

R BeCause h1gh arct1c so1ls show l1ttle horlzon development and ltttle '

r*:f},,-.'\,*

'cons1dered to be under any ex1st1ng l1tter moss or l1chen layers.‘

. \

change nn chemlstny w1th depth 1Tedrow 1977), 1ntervals of 10 cm )

‘rather than 5 cm, as’ used in other studﬁes (e g., Bell and BllSS ;’;f

A

1978), were exam1ned. Collect1on$ were made fran var1ous locat1ons at

Ch . ) . . S A

-

TR -

5

}K1ng Chr1st1an Island sites. where applrcable the ground surface was !

80
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each s1te and were comb1ned to form a s1ngle bulk sampIe,' Each bulk

o

' samp]e’consfsted of 12 to 16‘subsamples taken at four ]ocat1ons at 7
) >

- each s1te. Sampl1ng was’conducted on three (K1ng Chr1st1an Island) o

: o S
_ four (Rruelove Low]and) occas1ons dur1ng the th1rd and fourth week of ‘

AY

l\ - b

July A\¥1m1]ar collect1on ‘was also conducted oh s1tes other than K
EN : s

o

if 1ntens1ve 51tes where thé growth of Alogecurus was,enhanced these

"

e
e

be1ng termed enriched sites. At these extens1ve s1tes 5011s wer:

b

. 4 '1 . oy o ’ :
sampled only once. ~ S R S A

Ay . " .. g

L, . 7 \ Lo

s = ‘ PR ' . '
S G : 3

¢ ’ —

Analyses pf texture; pH; conduct1v1ty, organ1c matter content

total n1trogen ammon1um,vn1trate ﬁhosphorus pota,s1um and sulphur
were condUCted on the < 2|uu fract1on of each sample' Analbyses were

e 5011 and Feed

conducted us1ng staﬂdard procedures (Append1x 1) by

Testlng Labona\ory, Alberta Department of Agr1cu1ture Edmonton

“
« - . . RN .
<y . - ‘ . S
p PO . .
“ \ “ | M.

So11 m01sture was detenn1ned grav1metr1ca11y at weekly 1ntervafs

through the grow1ng\s§;son.v Four rep11cates were’ taken at depths of

0»10 and 10-20 cm weighed and drled at ca. 80 % for‘24. to 36 h to‘a‘fv

constant weight. To convert s0i1 mo1sture to soil water potent1a]

- B \

-

water retentfon curves were detenn1ned us1ng a pressure pﬂate

i

A
apparatus (3011 Test Inct) Mater content (gravvmentr1c) of dup11cate

)

\ (
, samp]es was detenn1ned at 0 03 \0\1 0. 5 D 8 and 1 5 MPa. S

‘. 5 - . . e . . ~
B - CE b A i .
5 . A [T D o . - - o e

Depth of thaw was measured us1ng a cal1brated steel -rod.. Read1ngs

'.

,‘( 20) were taken a}ong a20m transect every 7 to 10 d at major '

A‘_ 51tes except at Truelove s1te 2 where depth of thaw was determ1ned for

"‘\v‘-“/

*'the marg1ns of twq hce—centred polygons., A transect (ca 30 m) was X

\
.l.

- . . - . v - [N -
L8 ERPE B R B L e : .‘/

N
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run across f1ve polygons and depth of thaw was measured eVery 20 cm-at

various t1mes throughout the grow1ng seéson. o R R
'/ ‘ . o - ’ : TN ’ d A
’ + . : e } .
AR : & L ‘
RESULTS ‘AND DISCUSSION 3 a e

t. ;"f_»_ " The /) / .’ ‘, |

chemlcal analyses of so1ls‘fran the maJor study's1tes and from'

secondary s1tes where lopecuru was an 1mportant Spec1es are g1ven in o

i—naa
'

-v h

Table 8. N1trate levels were low in all so1ls examlnéd Truelove .

' 4_ . Lowland so1ls had h1gher nitrate levels than so1ls at K1ng Chr1st1an
Island and Malloch Dome Enrlched sites (s1tes hav1ng unusually lush
Alogecurus growth) seldom had n)%cate levels that werg)h1gher than 3t

h} characteristic. s1tes. At Truelove Lowland the Thule camp~site had :q
”¢ - the lowest n1trate levels of %he sites. exam1ned yet Alopecurus growth
was more luxurlant than at other Lowland s1tes. K1ng Chr1st1an Island
| 51tes had high sail ammon1um levels canpared to s1tes at Truelove
. .Low;and qu soll PH at K1ng Chr1§t1an Island sltes would §avour the_”
N , -

h ex1stence of ava1lable soil n\trogen as ammon1um. " This is sdpported
: A ,

/2
by the complete lack of detectable so1l nvtrate at these sites. Total

Wy

11 nntrogen was 7 to 10 times greater in soils at: Truelove 1nten51ve
e . \
s1tes than at so1ls at Cape Abennethy. Total n1trogen showed no

RN A ':;v.“' - : V s

consfstent 1ncreaSe~1n 901ng ?ran undlsturbed to d1starged and "}'; SR .

. *
L

: enr1ched 51te5'on Lruelovetprland. &In the v1c1n1ty of Cape

Abernethy, Bell and Bl1ss (1%78) fovnd the h1ghest so1l n1trogen ‘“ ’v-'-_ -

N =
levels in lemm1ng~gardens.. They also repgrted relat1vely h1gh :

nltrogen levels lup_to’U 3P¢) ln m01s£ meadows (polygonal borders) 'a-lv' e

- o ’
‘vwhere Alo e rus‘had 1&5 highegt percent cover. PR

e : . ” - ‘ o . T . R 'v.'."ﬂ»\
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/ TABLE'B; Chem1ca1 analyses of so1ls from maJor study s1tes and secondary srtes

where Alopecurﬂs alpinus 1s 1mportant

'»/

- ‘LOCATION/ DEPTH pH
. SITE (cm)

AVAILABLE NUTRIENTS

-

9%

~ KING CHRISTIKN ISLAND

. . Site ] 040" 4.
" 10-20 4

U site2 . 0100 4.
- —— 10-20 4

C s

ALEMMING GAADEA E

S h 0B
. 500 6,
e v 10415 6.
) Cae ," ,\_-i ‘ 15"20 6

ELLEF RINGNES ISLAND

E é.“af Und1s-: _ v "
s .turbed »0- 10 86

7 Usite s 10-2005.8 0.,04‘ L

. Adjagent’ 0-10, Ay 0,061
.»En;; ched 10-20 6.9 0.1z

S1te
TRUELUVE LOHLBND

'h

BN <

B o lu-200 7.

snéﬁg i 010 g
..:w,_zo-‘, |

RN

w2 Thule ! ;:-;10-20 B
' ':";'.‘*‘:- * Caﬂw TP

229.5,

1226.5
12 0 232 bﬂ

271.0

50.0
50.0

20.0 +

S1te 1 0-10 7 7.3
7.2

6,7
6.6
Enm ched 0—.1’017' 6.7 ._ .
6.4 - 0.

Enr1ched }Okig 1¥7;1> 0.
Basecamp l10-20:7§;9j*

*Wehicle < 0-10 . L:8Y. 0.07. 9
.»Track's -_:10-20“ J.4. 0304

A

; - (0.70) o

(0.23)
(0.32)

140 L

- (0.49)

' -':" —-f -
L ~:165;0l_
5 .:139,.5
1269.0
.- 434.0

| *ing Christian Isiand Leming Garden- data_ from Beq and Bliss (1978) Thé_ir el
potpss1um va1ues -are, fof exchangeable K 1n meq 100 _ RO
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Phosphorus levels at King Christian Island and Truelove Lowland
intensive sites were similar. Enriched sites at both study 1ocat1ons

had. higher so11 phosphorus than und1sturbed sites at these same

/

' 1ocat1ons On King Christian Is]and phosphorus levels at a lemm1ng

garden were much higher than at the two intensive sites. On Truelpve
 “Lowland, the Thule camp site ﬁad'2—6 times asAmuch P as the major -
stn%y sites. Despite low 501l nh at King Christian Island intensive
sités, available P levels“_were g‘eneravy higher ‘than values 'repoﬁi

for other King Christian Island sites (Bell and B}iss 1978).

Potassium levels were ’higher in the soils of King\Christian Is1and
. 9 ¢ .

- and Malloch Dome than at Truelove Lowland. There was little |

- difference in K cOntentmbetween~regu1ar and enriched sites, however,

the enriched site;at Ma]]och'Dohe had K levels 1.5 to 3 times higher .
v .

“than the regular site. On K1ng Chr1st1an Island Bell and Bliss

&\

(1978) meported much more exchangeable K in the top 5 cm of a lemming

~

garden so1l ‘than in other so11s (0 70 vs 0.08-0.47 meq 100 howevggx‘

-

‘at greater depths K content at the lemning garden was comparable to ; :

undisturbed s1tes. Trends in su\phur content fol]owed those of

o

potass1um in that sem1 desert sites’ had hagher 1eve1s than tundra -

sites and that enriched s1tes had s1m11ar(concentrat1ons to

/."

undisturbed sites. =~ - R ;lv‘ﬂ CL

Y

- Soil pH was generally lower on the semi-desert:sites than on ‘the
o ‘ ’ « o . o

'tundra'eites. Soil pH at the King Christ%an Island intensive sites

o , S T :
was. very Tow'(4.2-4.5). Other King Christian Island sites have had

7 similarly low pH values reported (81iss and ‘Svoboda 1984) however = -

-

84



P

~1so11 pH at th1s Tocation typ1ca11y ranges froq 5.3 to 7 9 (Be]] and

'ﬂdel1ss 1978, Grulke 1983). True]ove 50115 had pH values that fe]]

-

' :w1th1n the range . .of va]ues prev1ously reported for organic soils on

~

the Lowland (walker and Peters 1977). H1gh arct1c soils are typ1ca]ly

(

. 2 low in essential plant nutrients~but low pH va]ues at King Qhr1st1an

- Island sites  could further 1imit nutrient availability. At low soil

{pH, thé availability of nitrogen, phosphorus, potassiu, sulphur,

o T g L 8 N - . l. . ‘
magnesium and calcium-as well as certain trace elements is reduced,

. - while elements such as iron, manganese, aluminum, boron, copper and

—

-

[

_ to-plants.

~ zinc become mbre available to plants at low pH to the point where some

become tox1c (Bannister 1976). Potassium and sulphur ﬁeve]s at. King

Chr1st1an Ls1and ‘ntens1ve sites. are qu1te h1gh desp1te the 1ow 50il .

I

pH, /but the acid cond1t1ons may contr1bute to 1ow N and P ava11ab1l1tx

-, -5 -

’
{

(N

e

Electrical conductivity was low at all sites_éXamfned ranging'frdh

U.Q4’t6 0.10°S m-l."King Christian Island values compared well with

electri¢a1 conductivity values reported for other soils aq this

locat1on (Bell and-Bliss 1978). A]though'there;are'inditafibns of

“

-\mar1ne or1g1ns at both study locat1bns, the 50115 are~not sa11ne “

%

Paw]uk‘and Brewer (1975) reported h1gh sodlum ]evels in.a K1ng

~

Chr1st1an soil prof11e nearer to the coast. Sed1um anaTyses-ln»this

study (not shown) showed sl1ght1y h1gher confent 1n K1ng Chr1st1an

@

soils than in Truelove s0ils But that maxunum sod1um levels measured ’

~ should not restr1ct plardt growth (Carson pers. comm.l. o e

‘
- - ’ +
N \ N N . + "
- . ‘ - ‘ to ’ 4
, . N .. v . -
N

!

~. \

Soil ‘organic matter was considerably highér at-the tundra sites

b} ‘. - \

~

85
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than at semi-desert sites. On True]ove'deland, the enriched Thule

site had higher organic matter COhtent than regu]anasites, but the

enriched basecamp site had lower values. Orgahic matter content was

« / : _ | v \
slightly higher at King Christian IsTand intensive sites than values

repdrted'by Bliss and Svoboda (1984) (1.8 to 3.0%) for other sites on
this island. Higher 5071 organic matter‘is indicatihe of.higher plant
production and higher potenfia] decompoéition a]though_decompqsition
rates are yreatly restrictediby‘low tempeﬁatqregw(widaen 1977). |
The soils of the King Christign. study sites are f1ner textured
than at the True]ove sites w1th c]ay content being much hwgher at. the
semi-desert 1ocat1on (Tab]e 9) The textura] classes;thK1ng o
Chr1stean so1ls varied fTom 1oams to clay ]oams, a]though much sandier

50115, similar to the Ma]]och Dome samples (Tab]e 9) are common]y

B4 *
o

~found on King Christian Island (B]1ss and Svoboda 1984)

- e “ .
- )

~
- . EY I

Comparing the soils of the two study locations, the Fhemich] and‘

mechanical andTyses indicate thet True]ove study sites with higher
)

tqggl N and nitrate, sl1ght1y’h1gher P, pH va]ues c]oser to neutrallty

' and -higher organ1c matter content are edaph1ca11y better for p]ant

growth than K1ng Christian Island s1tes Available phosphorus is the -

x

_major d1fference between the soils of characterlst1ca11y und1sturbed .

~

o sites where ]ogecurus gcowth appears typ1ca1 and those of enr1ched

4

s1tes where 1ercuru growth is unusua]ly 1uxur1ant.- ' .

-
Jovs ‘1 - .
. N -

. B r

A} [
»

-

N »

-~

RN

The so1ls of” K1ng Christian Is]and intensive sites are Regoso11c '

Static Cryoso]s (after Walker and Peters,1977) . Accerd1ng to'hh]ker s

-

N -

- .
-4 o . ~

-

2
-~

N
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\TA‘BLE'9:‘ 'MechamcaJ analyses of soils from’ maJor study S1tes and

secondary sites where Alopecurus alpinus *is nﬂpbrtant

g

-y
~

'LOCATION/SITE DERTH® 7 “smo ' SILT . Ay

l | (cm) < { T
KING CHRISTIAN :ISL-AND‘;. C e R R T )
ositer R A (AT ‘
Lo w0 S 3L 388 2
sitez T e. v b uade | ad2. ez o
| 4

R L 1020‘ 3.2 34
N S - T ’

- '

> v

‘ ‘vu'hdist_ur‘bédisit'é ;01 L 816

ey P [y @ . - . - ':‘_" _ \K B '. 2
~ Adjac’ent Enmched sp 0-10 o844 48 108, 7.
ol S1te ST 10-200 T 6706 v pT1TN2 L 18.2T L

- o} A

(r.\!

site 1« - .. 0-10 % 66:0 30,0,

«

Site2 T - - 0-10 75.2 2008 .. 467
4.0- o

SR 0. 10-20 648 1312 40
v s o LA
Enriched Thule Camp  0-10 ~  61.2  .32.4 ~%, 8.4t
: . C o ,: L ’-.‘. s 10"20 b : 558 i’4" T 3502#; - “16.04 \ :
ﬁhri_zghea Basecamp.” - 0-10 En 788 148 6.4 - .-
L TN 10-20. 8287 132 44 T
- it ] . #e . t'“_v; .\,’“_ '_\ ’;‘fi ; o ‘Y

KR Vehlcle Tracks .+ 0410 7 80,4 . ‘148 LD o48
- 2

5.6. %, 6.8 .
v - ’.11)20\ 87,6 w . 1.6 . 48 T

TRUELOVE” LOWLAND L S

fui
A 3 o < . . > - £
Y 5 ey : KL R ¥ N A .
ERR B s T v ' M 10-"_20 Lt ¢ 81 .6 : Y 13,.2-‘ . '-‘ .‘51 v e
o * ’ : . " ‘ . . - T ot : ‘
k } ) . ‘ . 4 o Lo
P v A Y . - ‘ N S
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_— some of the cond1t1ons under whtch these humnocky meadows occur.

N - . ]
N -~

r . - O e s

A ’ . ) \

(1977) soils map of True]ove, Lowland siﬁe 1 is in a transition area"

between a Brun15011c Stat1c Cryoso] at the ' 1oWer s1ope of a,beach

LY

-

r1dge and a Gleyso11c Stattc Cryoso4 assoc1ated thh a hummocky

sedge—mdss meadow commun1ty. Th1s 51te conta1ned earth hummocks \{

(he1ght 549 cm)vand stony and almost a11 vaSCu]ar p]ants occurred on.

the.. huhmocks wtth some- %bss cover occurrung 1n the hol]ows. 'The

»

ho]tows were often unvegetated Tedrow {1977) felt bhat these

) ¢

\
humnocky 50115 were un1que enough to Separate than’fran other tundra

N "

so1ls. Several names- have been proposed for thLS terrain feature,

. 1nclud1ng dry earth hummocks (Tedrow and Douglas 1964), earth hummocks

4 o~

(Besche] 1966) and turf hummocks (Raup }966) RaUp (1966) d1scusse§,.‘

!

3

o

SN
N . x .
[3 .
\ - * . [0 ~ -

~

Y - . . . : \
/)~_ . R ~ " ) % /

- Iy

® ' 4

Truelove s1te Z are bog 50115. Under the Canadian Class1f1cat1on\

" .System they are Glac1c F1br1c Organo Cryosols (Walker and Peters

)

Accqrding to<Tédrow (1977) the sorls of the 1ce-centre polygons at

- R

1977) ' Theor1es on the fonnat1on of 1ce-cehnre polygons are d1scussed

by Lachenbruck (1965}. o S

e T - . . ) : . o ) s A
B < \ , - . Rt - n .-
) . a . - .
I . A ! s ~\ 3 - \\ ) ¥ .
= S [ ~ [ . . N S »
E ! % P ’

D1fferentes in texture and organ1c matter content between so1ls of

s \ ,'.,__
L.

g Chr1st1an-ls1and and Truelpve\study sttes contr1buted to S fo,;"

[

cons1dérab1e dlfferences 1n.water hold1ng capac1ty.' water content of< ”

G N [

7 tp 21% °f °“e"  gry We‘ght (ODN) conpared to 80 to 1b0%ioow at s o

-

TS " -

50115 (0-10 cm) t K1ng Chr1st1a\\Jslande1ntens1ve s1tes ranged from e

. Coa

True]ove s1tes. foﬁerences in: water retent1on curves (f1g 20) werev‘f

4.

15'

sllght between the twa: K1ng Chr1st1an Island s1tes and appeared to be _

i X "u\\\

1nf1uencea by ;o1h texture rather than organ1c matter content (Tables
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Figure 20.
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. Figure 21,
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~of two composite samples.
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water retention curves. for soils (0 te

‘-10 cm) from“sites 1 and 2, -Cape
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Soil matric thentlal (SMP) (0 to -10

cm) for sites 1 and 2, Cape Abernethy -

.and Truelove Lowland, summer 1978,
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o - organ1c matter content rather than texture (Tables 8 and 9).

e
¥

~

o %4 season.' Ju]y 1979 had frequent and re]at1vety h1gh prec1p1tat1on. :? e

'1

."ﬂate July 1978 but became h1gher by August wlth more prec1p1tat1on

. %-per1ods of Iow 5011 mo1sture. HAter awa11ab111ty Jean ]1m1t p]ant’v

,. sem1 desert areas.,‘Addwson and Bl1ss»(1980) however 1nd1cated that~1n 5 I:'?i

° ¥ 3 AL .
* ~ A B
2 e 53 91
- K i - - P X
.. » x w T . " n
FUBIRN . « s
s 8 \ : \1, . 2 Y «

8 ind 9). DifferénEéSAin'water retention between Truelove sites were .

[ ~ . ; ?'“‘ .

conélderably greater and appeared to result from’ d1fferences in -

,-‘4 b

v o “ ’} . . - [ .
/ : i . .
£ Lo E e e g . h - . -

N N ., -

- -
‘}f - . . -.A \

Trends 1n Sow] matr1c potent1a1 ‘were var1ab1e between 1ocat1ons, R

N

v
- K
.

years, and to_ some extent between s1tes (F1g 21) Seasonalfvartat)on . EN

.

appeared to be 1nf1uenced by frequency of prec1p1tat1on. Soil matric R ‘ .

3

potent1a1 was- 1ow on Klng Chr15t1an Iiland for gertods 1n early and . -

dur1ng th1s part of. the grow1ng season. Dur1ng 1979 matr1c potent1a1
1} ¥
at Knng Chr1st1an IsTand s1tes remalned h1gh through the gr0w1ng

-

0 [ H .
LR o 4

Desp1te 1ow prec1p1t3twon 1n August 1979 matr1c p0tent1a1 rema1ned

h1gh poss1b1y due to a 1ow evaporat1ve demand w1th ]ow air ;tk

! -

temperature, h1gh atmospherzc mo1sture and frequent trace 1eyels of

-~

preq1p1tat10n after August 5 "f?g. R ‘,"v ' %
:‘ P s “. . ‘ “ o 1 ‘ ‘V" - ' . e

\- - ) £

On Truelove Lowland matr1c potent1a1 was 1ower in, 1979 than 1n SRR p’

e
J .. .
[ B 4 + A . -

r
v

1978. Lowest measured‘Values at both 1ocat1oﬂg were -1 0 MPa‘ B S ;

’
a4 r A -
N -
)

v MaX1mum d1fferences between srtes at both locat1ons correSponded to

£l : ( - it . o

N PER :
rd . ¢ -

growth in, arctlc reggons (Sprensen 1941 BllSS L962 B111qngs and U T

r’

7 Moohey 19680 and th1s wou]d be espec1a11y ev1dent in polar desert and K

€ / 1,000 L s y ; - i
R -

certajn, summers,, water CO"tent in $em1 desert so1ls can remain, above BT

.,f1e]d-capac;tx]for most_of_the.growtnggseasoh.; o 3' '.:\ RO
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o The deve]opment of the active 1ayer (Fig. 22) appeared to

+ ' Y .

cerrespond to seasonal Wad1at1on and temperature regtmes. The data id

for K1ng Chr1sttan IsTand 1nd1cate that max1mum depths “of thaw for

e -

I978 .and- 1979 were s1m11ar. At King: Chr1st1an Islahd the depth of

\ Y
thaw at s1te 1 was 7-to 10 cm greater’ ‘for much of July 1978 than for

~

the same per1od in 1979 Dur1ng th1s time so]ar rad1atJon and a1r o

-

temperature were h1gher Ju]y prec1p1tat1on was low in 1978 but h1gh

4

f?‘ in 1979 caus1ng 5011 mo1sture ‘to also be. hlgher. Greater so11 'w:‘ :

~

~

v" Depth oﬁ»thaw under 1arge hummocks was. often 2. to 5 cm deeper than

mo1stuce wou]d 1mpede act1ve 1ayer development. "In August Of 1978 and: -

“«

-

1979 trends 1n prec1p1tatton, temperature and to a lesser extent

, ¥

rad1at1on were reversed from Ju]y, caus1ng max1mum depth of ‘thaw in ¢
both years to be s1m11ar._ At K1ng Chr1st1an Island site 2, thaw*depthe

for July was s1m11ar for both years. Unusually h1gh a1r temperatures .

1n ]ate Ju]y and early August of 1979 appeared to contr1bute to
4 J ¢

gneater depth of thaw in: ear]y August .

)

-

At True]ove s1tes, rate of thaw and max1mum thaw depth were 1ower

than at K1ng Chr1st1an Is]and s1tes.i Barrett (1972) descrtbed the bog

w

; . and wet tundra,so1ls as - hav1ng the sha]]owest act1ve 1ayers on the

[ fod

Low]and Depth of thaw at Truelove s1te 1 was measured in the hollows
between hummocks. BeCause hummocks are b t0 9 cm 1n he1ght and

because vascular pTants are réstrlcted to these hummocks the act1ve"

. rootfng zone ls greater than Spgﬁdepth of thaw rieasurements 1nd1catef‘

!

under hq]]OWS‘ further add1hg to the depth of the potentﬁa] root1ng

zone. Greater thaw depth under hummocks was also reported by - Muc
A

(1976) tor'hummocky §edge-moss meadows.‘ At True]ove site 2’ (polygon

4
- ) -; - o '
oo e , ¥ o T
e ~

92



-Figure:22,

1978

1979‘

A

.

-

Depth of thaw at sites 1 and 2, Cape

“Abernethy and Truelove Lowlapd, summers
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marg1nsljthe depth and tate of thaw was s1m11ar to site 1. Little .
N 1nformat1on was co]]ected in 1979 but it is. presumed that ]ower summer
temperatures and rad1at1on nesu]ted it lower thaw rates and max1mum | ,ﬁsT‘

RO thaw depths. Th1s is supported by ,the, 1979 data at site’ 1 where depth

y? of thaw was cons1stently 1ess~than 1978 for much of July._ ATthough
o &
d1fferences in thaw depth are not great, appﬁec1ab1e c11mat1c - -

. 4, - .
d1fferences between summers‘would have a 1ess obv1ous effect on the -fh g
actﬁve layer :in a-m01$t-organ1c 5011 than in a dry mineral so11 Yoo
. i SNy B ‘ o . “
’ A S . A iy o
. = v ' L ) . - ‘. : L ..
- Because of var1able site cond1t1ons, depth of thaw at True]ove o
s1te 2 was measured across ent1re po]ygons in 1979 F1gure 23 shows“ T
r

the depth qf thaw of three typ1cal polygons in 1ate\dnne and early

August. Greatest depth of thaw was - observed at polygon marg1ns. For 8

c]artty, the depth~of thaw for selécted t1mes at a representatlve SR ;;
- ", B i o

& Tx o

polygon marg1n is. shown in F1g, 24 The vascular plant cover across ' giﬁﬁ

th1s 1n-§9n51sted 1arge1y of Alogecurus. Eo]ygom tops are. A ,_I'

o SN ree earJy (m1d }ate June) in the grow1ng season wh11e marg1ns
‘ A v -

may remaln snow covered until early-Ju]y, yet marglns have greater o S

ot

: thaw depths than po\ygon centers.due to greater exposurevtp rad1at1on.

)

Slm11ar observat1ons were made by Barrett (T972) at th1s same- s1te.

, . S .“ ~ S \
. . . : 5 . N , v N - !
S ‘ A compar1son summary of max1mum thaw depths for the qur'major R
- . . ‘/‘ o /
. V)
. study s1tes 1s g1ven in Table 10 w1th comparat1ve data fran prev1ous T

) stud1es at True]ove s1te 2. ,D1fferences between stud1es may ref]ect ;h'“',: =
c11mat1c d1fferences but are,more-lnkeiy due to ‘the var1ab1]1ty in

~polygon size, margin slope,'and'trench depth. 8 T
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Figure 24. ‘Depth of thaw at a ;xpical p6lygon
' * margin (Truelove site 2) under high
Alopecurus cover.
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’- ! ! ' K 100-
A‘TABLE 10: Active ]axér depths .of major study sites at Cape
N - Abernethy and Truelove Lowland. ’ . \

LOCATION CSITE “YEAR  / ACTIVE  AYTHOR .-

| Y LAYR -
s R (cm) - LT
RPN | - L
CAPE ABERNETHY - ] ' L |
1 1978 a3 B This study ~  °
1 _v,ﬂ'\ﬂ‘ 1979+ 44 " This study .

2 ..191a 42

- Sz a1y s

> r

. This study’ -

¥

TRUELOVE - 1 (under - .- 1978 15+ .- - This study , © -
.o " hollows) = o s TR
2 (polygon . 1978° - 20+ This study . -
margins) - R
. i - 1969 = 2 Barrett 1972
o ‘ 1968 * 29 Barrett 1972 °
' .2 (polygon 1971 30 17 -’ Brown 1977 '
T, centre) , . S L
‘ , 1969 22 ' Barrett 1972
198 23 _ - _Barrett 1972
* “2-(polygon- 1971 < 30 .- -Brown 1977
o ;  ‘trench) - e L
L LT 1.9 1T Barrett 1972
..o T 198 T 17T Barrett 1972 :
‘ ) < , > M p od p . . . ‘ \ IR , . - . .
: ; A ‘} \‘ ' , * - l -
{ <, : )

Thig study .~ = "o
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INTRODUCTION ™~ . L ‘

i . . ) r
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4 \

re]at1ve1y 1ow Spec1es/d1vers1ty and 1ow percent cover of vascu]ar

p]ants. A]though some arct1c p]ants occur in a wide var1ety ‘of
- B +,
hab1tats, d1vers1ty and peréent coyer of vascular spec1es are- c]osely

s {

~

assoc1ated w1th m1croc11mate ahdxedaph1c -conditions (Bliss 1962 1971
811]1ngs and Mooney r968 B1111ngs 1974) which 1n turn can be great]y

> affected by topography Even mlnor topograph1c changes can result in

4

m1croenv1renmenta1 d1fferences suff1c1ent to result in a mosaic of

t

" plant communrt1es w1th1n a. SmaTl area. ‘Frost actlon and erosion |

resu]t in a var1ety‘of m1crotopograph1c features and in” the

R ’

- estab11shment of m1cnoenv1ronmenta1 grad1ents. . LT

N L . .. t

- ¥
DR ) N M

#
N - . . -~ ’
AN ., . .. ' y N —

' Descr1pt1ons of h1gh arct1c p]ant commun1t1es have been giveén for

/
polar desert and po]ar sem1 desert reg1ons by Savile (1961) Svoboda N

v . K

(19/7), Be]lAand‘Bl1ss (1978), Bllss and Svoboda (1984)"and Bliss et

\

: a]; (1984) and for prédom1n&nt1y tundra areas- by Beschel (}963),

"BVaSSGFd 11968 Brassard and Longton (1970) Barrett (1972), Muc and
Bliss (1977) and Muc_ (1981) R R f

- ™ "—h . - 0 ‘:‘ N ) _",_X e
. The extreme nature of high arctic env1ronments has rebulted in" .

.
@& -
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The obJect1ve& of th1s sect1on were to descrﬂbe spec1es

'COMpos1twon and cover of po]ar Semlmdesert and tundra c0mnun1t1es LT

r v ‘ r

.where ATopecurus alplnu5/1s an 1mportanb spec1es and to compaﬂe the ‘-J

.re1at1ve 1mportance'of‘Alercuru at the four maJor study s1tes. v

s .
N T B . * - \ v
» . . EEEEAN
“ . N R . < A ' :
[ v . M
. » . \ i . “ RN U - s . . - ) . A . }

.

c e oy - . ‘ . Lo |
~ METHQDS AND, MATERIALS, - - . S - . o i

i DR e i
.. . &f -~ K]
- - ¥ ’ - N . N
_— \ ) . . - " . . . o f [
o Y - Vv, e - ® ) ) cor

"After initial,heCOnnaissanceé study sites were'defined

<

SUbJect1ve1y based on, relat1ye un1form1ty of topography, ﬁ]orast1cs" ' azi

A

~ a

and p]ant structure A quadrat size oﬁ 0. z X U\b m (Bl1ss 1963, Bl1ss

< \

and Syoboda 1984) was~used to est1mate cover to the'nearest one . |,

v
i ~ .-

y \ s I - y o

¢ »~

percent bf vaSCUlar plant specres mosses, 11chens and bare .01}, .Atfff?\<.

.

Trueloye 51te l and at both K1ng Chrlst1an Island sttes, a m1n1mum of\

- . S 1

U quadrats were, sampJed per s1te along f1ze tnansect llnes. Ihe'

.. x
i , - .

locat1on of transects w1th1n each study s1te'and the placement of
quadrats a]ong transect I1nes was random?y deterﬂﬁned by’ d1v1d1ng each
> smte into a gr1d Transect 1ength (15 35‘m) and poss1b1e rnterva]

length ofAtransect and qoadrat }ocatlons in: each gc1d Var1ed accordlng

Vé . ; ’ o

A to the d1menstons and area (300 - 600 m2) of, eqch Study 91te- TN

. . . . ’ T

4 . -~ . - ; o N : N i \ L
' - e st ' con "~> AT} ‘ f . ! »

O ,v / Z S

P N - - B NI RN . *

Samp11ng methods used at the above-sates were not we]] su1ted for

7

P - o
use at’ Truelove s1te 2z STnCE there were d1fference§ in- specaes ' ,
compos1t1on and plant cdver betwéen~po]ygén centres and po]ygon ‘;

L4 N ~

margrns. To compare the changes 1n speC1es and cover along po]ygons~ ;‘\,'

0 e “ Sy

_a transect (ca 30 m) pass1ng through the centres of five polygons was ARV

- i
-~

EUSEd CO"t19uous quadrats (U 2 x 0.5 m) were placed along the Coe -

' \transect w1th cover~ést1matéd as descr1bed above»“hdd1t1onal samdﬂ1ng

Y - .
o - . Ay ~ ~

N } . g ~ _’ [ Saaa W3

~

s



of polygon margﬁns was conducted hy.fayiné'atu.Z?x O;S'm'quadrat at

' the four corners of al m2 plot 1ocated at each of the four card1na1

. | o po1nts of five add1t10na1 po]ygons.' To 1ocate 1 ma plots, the range o ;‘-‘ b
by :. of occurrence of Alogecuru from the edge of the: po]ygon go1ng towards

—~— . x

the polygon centre was detenn1ned along the north south and east west

1 . s Y

. axes: . The centre of. each 1 " p plot was Tocated at: the m1dpo1nt of the ;t K
ranbelof Alopecurus a]ong each axis.- <. - ',_' ’.‘ o . N

- " - , N . X ;o Lo . Lo . T
] .. E - . . N N . - . /

. . = - N Y N R - .o P

R , . . .

Two 1ayers w1th1n each commun1ty were recogn1zed the herbaceous

stratum and~ the 11chen bryOphyte stratum. Th1s al]owed total plant \'f to
. ks £ [}
f_ cover (11chen + moss + vascular) to be 1n excess “of 100% 1n 'some

. .
’ D \ . ot

‘. quadrats on True1OVe s1tes, The low cover of vascular p]ants, 11chens e

Ve

.-and mossés at K1ng Chr1st1an*Island resu]ts in- ]1tt1e d1fference 1n

e . -'l' .2
- . I3 ~ N -

total plant cover whether two strataaor a s1ng1e stratum 1s recognazed
‘(B11ss and Svoboda 1984)' Avenage cover and frequencxﬂfor each 's" i \r;-'félf

) . s

v spec1es was used to calculate prom1nencé values (PV) by mu1t1p1y1ng . i_'f‘f o

/ » . cover by the,square root of-frequency (Bea]s 1960) |

. s . . '
A, K o Be ~ . ..

. ¢ - .
. S . B -

v, . | N >

~.¢'f o Nhere p1ant measuremEnts were to- be made on 51tes other than maJor

L0 study sites, such as, enr1ched areas hav1ng 1ush A]ogecuru growth V‘-7L‘f
o " cover values were also eStlmated w1th 0 .2 X 0 5m quadrats. The J‘-,bf' -”_ ' ,f
- % number of quadrats exam1ned on thése sites was much 1ower Qn}s 10—20) o

v - N ‘.-.p : ¢

than at 1ntenSTve sites due to the smal]er areas covered by these more

c
L ’ B ee e P A -
. - S . . v -

S loca11zed secondary s1tes.‘. Loer o e . ’ ]
- A "’{‘.“! : L. ‘,' A S L ,‘ ‘ P ’ e /\\
[ f Nomenclature~for 11chens mosses and vascular p]ants fo]lows Ha]e o .,

&

and Culbérson (1910) V1tt (1975) anvaors1ld (1964) respect1vely.

AN
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. structure was 51m11ar to other sites 1n the V1c1n1ty of Cape Abernethy ;

B - . .
- s » AR . 3

| b Lo . v . T o - ’ . .
‘& . - - . - H .
2N 4 Lo « . L

. RESULTSAND DISCUSSION | TR B

o . o B N
~ g
1 . ~ ”

-
»

‘ The plant commun1t1es at the four 1ntens1Ve study Sites are

{

dep1cted 1n Plates b to 8. On K1ng Chr1st1an’Island,'s1te 1 was

o

termed a-qram1n01d barrens due to a Tow plant cover and its occurrence . S

\

an ah eroded surface. S1te 2 was alcryptogam-gram1n01d community.

= ¥ T -

“The s0ils of’ both ‘of these»s1tes had Tow pH hOWever the community

<

v > - V3

Y >

(Bllss and Svoboda 1984) Truelove s1te 1 was ﬁermed a_moss- cush1on

. plant-gram1no1d Truelove site 2 was a w1llow cush1on plant-moss

commuhlty Although Alogecuru domlnated on polygon marglns the

- namlng of th1s commun]ty was based on plant cover for entlre polygons. e_f'{j»Q

! .
N

The cover of Alogecuru at Klng Chr1st1an Island s1tes (2 3 to
4 3%) was much lower than at Truelove s1tes (12 0 to bO b%) however : :,.

there was a d1fference 1n total vasoular cover _among - the four s1tes ;

(Table 11) A]ogeeuru accounted*for 51 to 59% of total vascular ﬂ~

- s
% - Tyt

cover at Klng Chrlst1an Island and 23 to 69%‘at Truelove Lowland

‘- ~

1nten51ve s1tes. Alopecuru also had h1gher percent cover and (I =

prom1nence values than all other vascular spec1es w1th the excep€1on Lo

.‘w BN

of Dryas.1ntegr1fol1a at Truelove s1te 1 At Klng Chr1st1an 1ntens1ve ’

-

sites, prom1nence values of Alogecuru .were 51m1lar to values reported T

+

- for comparable SItes elsewhere on the 1sland by Bl1ss -and Svoboda ,7 : ”fff

T

1984) | L | fg‘- C l}_ T

-

£

‘ Other than Alogecuru only two vascular spec1es Stelhar1a

long1pes and Papaver rad1catum occurred at all four study s1tes. . o

- ) . . . ~ X : . . ~.
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. 'TABLE 11.  Species canm:itlon percem, cover, frequency and prhninence values (P.V.) at King Christian Islmd and R
' Truelove lmllmd 1nuns&ve sites. I .
KING CHRISTIAN ISLAND TRUELOVE LOWLAND ) .
i A ~ » 1
s SITE 1 SITE 2 7 SITE 1 SITE 27~ 4 i
N . .
A GRAMINOID BARRENS CRYPTOGAM-GRAHINOID . MOSS-CUSHION PLANT-'  WILLOW-CUSHION PLANT-
- . . GRAMINOID oSS -~
. IR S N
~" VASCWLAR SPECIES COVER | FREQ. .P.V. COVER FREQ. P.V.  COVER ' FREQ. P.V.  COVER - FREG.  P.V. -
. R SRR S 1 1 N S PR ¢ .
- - i c. ,
Mopeciria dlpins 2.3 99~ 23 425 100 43 71200 100 120 505 - 100 505
Phippats a;sm .01 "3 - .
- Arc stis ’ : ,‘ T T - -
: _I%ggr[_a ollv ) 7.06 91 67 3.03 7 2, 20 -
Poa arctica ! . N 1,79 a4 ] ° J
Poa abbreviata - ‘p S Lt A .
Puccinelia - - .,
vaging 0.01 = 2 +
- | Festuca brachyphylla L p 8 + .
rio&rm triste p 270" + A N
Garex rupestris 5 - P =3 . 5
Carex misandra - ° o~ BRI 38 0.32 e X o
"Juncus biglumis ‘ 1 0.78. .56 . 6" '
- Luzula nivalls 0.05 16 v+ 0% 62 7. . .
fusa 0.80 19 2 0.88 62 7 0.82 23 4 T
. ’ : HT2 2 4 U5 mo3 T 95 .
. - ‘ ! > . M
viviparum . B N - B 7 ~
longipes 041 . 57 3 0.88 93 8 - 0.03 9 R - 56 R
. : ' < .
un alpinum ~ p .3 - .
? P .
ium arcticum : 0.5, 5 + .
ia rubella 006 7 ; .
N » . -
lun A 013 6 . . -
anunculus sabinet T 1) . . o~ S
N . S ~
 Papaver radicstum 0.06 1 ot . “ oy 0.18 " a4 T s i
ra : -
Cardiming i N v t o - M
) Tmmou- PS5 + 1 0mm w0 . ¢ . - e
. PR T
: _Draba spp. 0% .2, : \ 0.52 64 4 N 1 : - ~
Saxifraga cernua * - 0.03, 15, e \g\' L DR R i 1 o W
: : . N . ' . . T
< . Saxifr: : S ‘ o RS : . i ) ~ .
. L oﬁ‘gglroln ' .. ; \ S 30 87 34 0.3 7 8- s . ) (
Saxifrags nivalis .- _ 0.5 B } P . - Ly R %,
. PR . »
. Potencuh_mt_lc_ \ «0.03 f . : . - N
' ", - , x
“Dryes tntegriforia * i 7198 00 198 0.65 23 3
Pagamtaris hirsubs o o.h 53 Tlea o e ,
- Pefigiiarts suetica | B A 003w . R ‘
. . o N 5 - A
i . NO. VESCULAR-SPEQIES .. Yo \ 13, e s \v Y . e
: -- X i B ] v . ; B N . ] K ) A =
. TOTA TASCULAR COYER 3.9 -, -/ 8.4 Ve 530 7 ’ 73.7. N
” " g FE L A \ R
X . N - - ,o s - . T
. » TOTAL MOSS COVER 8.0 . 3.3 | _ 209 o A 4 / z o
P ] - B ‘. V‘Q“ \ K . L fh, ] T . N ‘ )
- TOTAL LIGEN COVER .- 6.1 % - - . g0.3l < 9.1 - 3,24 ‘ e
i ; A ) 1 S e N =
, ) PO - N0 ’ . o LN R
“T0TAL PLANT COVER 4 . " 7oA - - . N
‘vascular - mss -+ w ! i T ' : -~ ) -
CHeheis . w180 - 32.11 AR 830 - o 403.9 . - L,
: O e S ’
= bare'sotl: 68 v _amd T 8.8 L, 9sd S .
v ons pa ' T . \ T
;32 s maNe e s e co s T
B TN ~ B n o K T . -
dicates .;rtsene! bt nomeagurable cover - L A ; /. .
-~ tes 3 PN 1«5)3 ‘than 1.0 \ LT : S b —~
. - - .
. . « . . I,
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.sites? A]l of the VascplarApiants rgported for Knng'Chr1st1an Island

-

; are fbund-oﬁ’TrueldVe Low}dhd although not all occurrea 1n the study

“ ws

Yand 1owest at, Kwﬁg Chr1stfan Is?and smte 1 “Spec1es d- ver51ty at Knng -

! ‘.1"“ \‘.

; Chr1st1qnxls1and s1te'2 aﬁa True]ove s1te 1 wa&,SHnlLar.‘ K1ng T f;
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Chr]stﬁan-{sland's1tes had a greatqr\perqentage gf bare gngun"i%};;d'fa
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83% than §1tes at, True]qve Low]and (4 to 13%)."7 | '«4;~7-a-§33f‘?f'?-

; ] et - .

P E . .- S ety -
) . { - < . y . L . -
\ - , . W e ¥ s -’ . -

ot

S 7oA : RS R

" Luzu]a tonfusa and Sax1fhaga cernua weré found‘pn~three Qf the four'fA.m,

Al ™ - - » - PR N

. L . " e oot TS 3 e, T

[ L = [ N

9} L1chens and mosses made-up most (73 78% oﬁlihe»tqtal gﬂ%nf'
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NI

cover at K1ng Qhr1st1anf151gnd s1tes‘ Slte*l had a 1ower percen;

A L]

- cover oﬁxllchens quses and. vascu]ar 61anfs thghv51te 2 Py The

W

—. 2

proport1ops of 41chens mosses and vascu]ar p]ahts*/relatqve to total
.‘« y e

plant tover wene s1m11ar ﬁor both swtes. Dbm1nant mosses at both

-~ . A
. L 0y RN
L.t 2,

1tes were Rhacom1tr1um 1an19ynosnm aqd ngpnatum~alpﬁnum; Thdmnol1a

-7, - "'.'

subu]1form}s tefranla 1sland1ca Dermatocarpon ﬁepat1cum‘and L;,

‘ ""v"»— PR

“'&w ] ”,-mf ;-‘f. RN

Pertusar1a octomela aqcounted for much of the 11chen cover at both
‘ ;f... w

swtes.gn add1t10n to Pe1t1gera apthosa at¢X1ng Ghr1st1aw'lsland s1te

s L - L B

2. LLchen and moss SpECﬂeS occurﬁ]ng 1n s1m1lar sem}-desert
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var:ety of crusto§e spécies accounted‘for much of the lrchgn cover.
S \

p Nt sfte & Pogonatum a1p1num Aulacoanum turg1dumvand D1tr1chum .'7‘““

N

flex1caule were the mostAcommon mosses on entire’ po]ygons however

“2 1,

A
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‘at1fol] were found on polygon marg1nsr V}tt (1975) reported that ,*
these latter spec1es are not common -on, Trueloye Lowland and that they

qare largefy restricted to polygon marg1ns. L1chen cover at polygon |

R

LA \marg1ns was Tow but 1ncreased towards polygon centres Common l1cﬁens

R

'v1ncluded Thamnol1a verm1cularls Cetrar1a n1val1§;and var1ous crustose

g tspec1es. An extens1ve llst of moss' and l1chen spec1es at th1s 51te is
a", g1ven by Barrett (1972) |

| -In"semifdesert“regions,:thevimportance of”Alopecuru fappearedfto
be«influenced-by“soil‘moisture._ Bell and Bl1ss (1978) 1nd1cate that "

. vu o . ’
-Alercuru cover. 1ncreases 1n go1ng from dry barrens to dry meadows to -

moﬁst meadows. S1te 1 at Klng Chr1st1an Island was. located along a

-

mo1sture gradlent that occurred on a gentle sl0pe where the dry end
:became snow-free approx1mately one week before the mo1st end. -A, o

Tdownslope dra1nage appeared to contr1bute to sheet er051on s1m1lar to o 3
~thatvdescr1bed by Bliss and Svoboda (1984) lopecuru cover, total

- plant cover and spec1es d1Vers1ty 1ncreased 1n go1ng from dry h1pps1

barrens to a mo1st cryptogam-gram1no1d communlty (Table 12).
A compar1son of dom1nant specges along polygons at Truelove site 2 o

- l “‘P:‘,‘?‘

'also suggested that Alopecuru may be. reSpOnd1ng to a mo1sture \,Q,_-

\ B

;‘grad1ent Polygon centres were dry areas that became snow-free
: i

"'55 earl1er 1n the growlng season than marg1ns (Barrett 1972) Centres

;'fwere dom1nated by spec1es that are. common ‘on. dry, well- dra1ned s1tes

e N
!.\ Lo

' ~e .q. Dryas lntegr1fol1a and Carex mwsandra whereas marglns were

"‘ffﬁifdom1nated by grasses such as: Algpecurus Arctagrost1s lat1fol1a and

= Poa arct1ca (F1g 25) On smaller and younger polygons (e.g. polygon
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T-, . TRBLE 12: ‘ Changes 1n commun1ty structurefalong a soil mo1sture S
‘ Jo - gradient in the v1c1n1ty of K1ng Christian Island site 1
S ?gram1no1d barrens).- ~
. - powNITY g
- s CRYPTOGAM  GRAMINOID IRANSITION PHIPPSIA
RN ) GRAMINOID __ BARRENS - - . BARRENS
Lo | T —— e S %
S MOIST ST~ ORY, .
o . . . N :
* " PERCENT COVER | o
o o Alopecurus  3.9. 2.3 0.9 g
o o/ , L P
s . Vascular 8.0 3.4 1.7« 0.6 _
.- Moss 121 ° 7.9 02 P
i Lichen 9.7" 6.1 U
Bare Soil 0.2 8.6 . 97.4 993
~Alopecurus as
pagcent of - 49 68 S K O 0
vascular plants S "v“ &
NUMBER OF : B )
VASCULAR SPECIES 11 - 10 ' 2 B
TIME OF | : | -
L~ - % " SNOWMELT (1978)  June 27 - - June 19 ~ e

~ SOIC-MATRIC
g POTENTIAL{MPa
3# T - (July 24; 1978

- (depth 0 to'-10 cn)

-- . ~=0.13 .
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Fﬁgure‘zs.

Changes in community structure along
jce-centred polygons, Truelove site 2.
The three most dominant vascular

species are shown for different zones

of three polygons. Zones were
delineated subjectively based on the
dominant vascular plants.
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TABLE 13: Cover Qf A]ogecurus in re]atton to p]ant cover at

o enmched sites on Iruelove Lowland-:
—_— . R CoL LT
\ : "THULE BIRD -
; \ CAMP PERCH_
PERCENT COVER< ~ A ~ .
‘Alopecurus " 0.3 68.2 |
Total Vascular L 636 8.8,
TMoss oLt . o 197 21.5
Lichen,, — °1 .70 1,175 "
Bare Soil. S 0
Alopecurus as percéht" ; r' 63 ° 87

of. vascular plants

s

fe
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TABLE 14:

2t

e
N

Change in percent cover of A]opecurus a]p1nus with

increasing distarice from, a po1nt of d1sturbance or .

, enr1chment .
b B ® < - ~ = - -
“_'Veh1c1e tracks through. hummocky sedge-moss meadow,
e c. Truelove Lowland B
PERCENT €OVER - DISTANCE FROM TRACKS (m)
o 0 1. 2 5
‘ i ) . « l ' -y .
Aldpecurus - i 27 ‘ 6 AQ 0
Total Vascplar  ~ 67 78 89 82
- Moss 21t .2 18 20
. Lichen 1 2 4 5 .
Bare Soil 12 =~ 3 L3 4
Alogcuru as peroent 40 8 0 0
~of vascular plants - .

o

“

oo BIRD PERCH (BOULDER)

"HEATH TUNDRA ALEXANDRA FIORD
(ELLIOT AND SVOBODA k981)

Y

of vascular plants

T . DISTANCé’FROM AERCH (m) |
V o ""0-5'»/ X wt

- B ‘ ‘ — . i

’ A]opecurus '13,4° 0.2 0w o
Total Vascular 79.9 Aiy-}SZ.S . 56.8
Moss <+ E 180 49.0 9.8
‘Lichén o "j " 6.6 1.0 22.8 .
Bare Soil 73;3 1.0 1.1 B

J‘LA]ogecurus as percent 16.8 - 'fO.A

A

£ 120

s
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) . (.
3 in. F1g 25 P]ate A) A]opecuru’ cover was more extensive, sometimes

-‘foccurr1ng across entire polygons., While only 19 vascular species were
'_reported for polygon margins - -in th1s study, Barcett (1972) lists 43

) |

'?-spec1es occurr1ng on, ent1re polygons (1nc1ud1ng trenches). Slumping,

. frequently occurs at po]ygon marg1ns Repeated s]ump1ng resu]ts in

some" trenches becom1ng sufflcaently f111ed to suppOrt A]opecurus

’
1.

" (cover as h1gh as 60 - 90%) and other vascu]ar Spec1es, deeper B

‘trenches have stand1ng water for much. of the grow1ng season,

! ,

- . «

The 1mportance of A]opecuru at po]ygon marg1ns may be * related to
nutrient avar]ab111ty Ava11ab]e phosphorus and n1trate was
relat1Ve]y h1gh at Truelove Site 2 (Table 8) Active 1ayer depths p/“'
were greater at marg:ns than at polygon centres, allowing: deeper root -

?r

penetrat1on and an increase in the root surface area aya1]ab1e to take
‘ upbnutrients. The dome-shaped po]ygons have relat1ve1y high 5011 ’
temperatures (Chapter IV). Jordan et al. (1978b),report h1gh~1eve1s
of microbial act1v1ty atvthis site, and'relatively 1ar§e populations

| of n1tr1fy1ng bacter1a. Growth may be indtrectly~enhanced by higher -
'5011 temperatures that st1mu1ate microbial act1v1ty, thereby
1ncreas1ng'the rate‘of nutrient turnover and nutr1ent availability to
plants; Soil phosphorus and nitrate at this site were relatjve]y_;g
hfgh. Enhanced soil nutrient statusrat this site;may also_be due to
reiatively high animal activity. Fui1er et al. (1977) reported that
*‘th1s s1te had the h1ghest density of 1emm1ng burrows on True]ove
Low]and On King Christian Islandd Bel] and Bliss (1978) found that
in a.lemm1ng garden so11,,tota1_n1trogen was sl1ght]y higher;and
avai]abie phOSphorus was:considerabiy higher than in similar

»



undisturbed soils (Table 8).
- . l N .

-~ "

Alopecurus cover\jncneased considerably in areas of‘disturbance
‘and anlmal aCtivlty (Plates 9 to 12), At such s1tes on Truelove
Low]and Alopecurus accounted for up to 60 - 90% of total vascular
cover (Table 13). In some quadrats around large rocks used as b1rd
perches Alopecurus was, the only vascular species and had cover ‘values
approacthg 100%. In cannun1t1es outside these localized areas of

: enr1ehment Alopecuru was often completely absent (Table 14). Eurola
and Hakala (1977) 1nd1cate that the cover of Alogecuru near bird ;
'Clgéfs in Svalbard is as h1gh as 60 to 90% wh1le in control s1tes
removed from the cliffs, cover is only 1% or less They also show
that where Alopecuru cover is h1ghest, vascular spec1es d1vers1ty is |

“owest. ~ ot : : - 7
\‘ L ‘_ ’

Alopecurus was more w1despread at Cape Abernethy than at Truelove

1

‘_3“Lowland Reconna1ssance of: Truelove »Lowland 1nd1cated that Alopecuru

"was generally restrlcted to spec1alJzed 31tes such as areas ,of 5011

122

movement (t1ps of sol1fluctfon lobes, 1ce-centre polygons Rhmmocky o

tundra . enﬁ}ched areas (Thule encampment§ lemm1ng~colon1es b1rd

- perches) and. human-d1sturbed areas (veh1cle tracks) On such sites,

Alogecuru S was generally a dom1nant or codom1nant Spec1es Elsewhere
on the Lowland Alogecuru was rare.' This trend has been reported for

| other arct1c oases. For example, at Alexandra. Flord Alopecuru was .';
llsted as an extremely rare spec1es (Muc 1981) however it was- |
abundant around a b1rd perch (Ell1ot .and Svoboda 1981).. On. northern

Ellesmere Is]and Brassard (1968) indicated that Alopecurus seldom L

- A3
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CINTRODUCTION ~ N\ & R R S v

. ;Arct1c plants must be adapted to develop and mature over a short

. . i

0 grow1ng jeason. The most s1gn1f{cant factors 1n1t1at1ng plant growth

N . . . 4 / e \:‘k K
e 1n arctic regions are snow melt and thawing nf the act1ve 1ayer

V(Sbrensen 1941, Tieszen LQ78) ' Cons1derab1e d1fferences in the time - = »i_@i
of snowne]t can occur due to 1ocal var1at1on in topography and
| m1croc11mate. P]ant phenology is a good 1nd1cator of m1croenv1ron- Lo

Cow . . e

menta]'differences between varied hab1tats.¢\The‘]oca1Vcontro];}hgt

i

“lnicroenvironment has-on pﬁantﬁdevelopment was .shown by B]iss'(1956).hv

who observed that spec1es 1n a g1ven habltat’broke dormancy, f]owered

and fru1ted together wh11e the same spec1es gxh1b1ted d1ff€reut

\L.— Q ) . $‘ !

e deve]opmental cycles in other hab?tats. Phenolog1ca1 1nformat1on for
SRS ~ o4 o

SO plant:spec1es from a varlety of arct1c locatlons has been reported by o mfﬁ

Re

_ Sdrensen (1941), B]1ss (1956) A]eksandrova (1960) Muc (1977)

Svoboda (1977) ‘and. woodley (1981) Many arct1c specwes also reSpond 0‘ v'v'
tofvar1ed radnat1on therma], nutr1ent and mo1sture reg1mes by R S
?‘;' ) ' RS 2

adopt1ng dlfferent growth forms (Teer1\1972, M1tghel] and McKendrick
;975#j§¥9b9d9 1977).
Phytomass of polar sem1~desert commun1t1es oan be an order of
~%f'“s; magﬁhtude less than tyndra p1aht commun1t1es (W1elgolask1 et a]

o 1981) D1fferenCes n env1ronmeata1 cond1t1ons and genet1c make up

‘ nY, N *n
o T

ES S o . S ' . ' . ° : ot C A . - L » ' . e 1
B 3B we 124 +x. EE e T T T e
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_ fERIAI:S AND" METHODS

e >‘between July 27 and August 2 1980“ﬂ'f

~can result in different allocation patterns and rates of phenological -

'Adevelopment for the" same species growing in diverse'habitatsse

L a

- R : ( : . : Pe
The purpose of this section is to” canpare growth growth form,.

AY

_ phenology and. b1aqass of Alopecurus a1p1nus in po]ar semi- -desert and

tundra (oa31s) cmnhun1t1es 1n thenH1gh Arcttc.

R S
> .
ve_ .

©

. . e
“,t . . ‘ - -~

.,‘» «
v - i

-

.
g oo -

" >

Growth Form” . ., . * °

To comﬁ%re the growth form of Alopecuru from natural ‘and nutr1ent—
| enrlched sites at’ K1ng Chr1st1an Island and Truelove Low]and measure—

: ments of cu]m he1ght 1eaf length leaf w1dth and 1nflorescence he1ght./

R

.were made on 40 to 99 flower1ng and vegetat1ve grow1ng p01nts at two:

Y

& :~' N n

125

' major s1tes and one enr1ched Slte on each 1s]and A grow1ng po1nt is .

defined as’ an act1ve apaca] mertstem produclng 1eaves, stems and ; .

- poss1b]y 1nf1orescences (Chester andﬁSha@%r 1982) and 1s-cons1deredito.

a rh1zomatous Spec1es and exh1b1ts a spread1ng c] 1-growth form N

2,

‘ Hereafter the tenns grow1 g po1nt“ "shoot“ and "t1fﬁer" w1ll be

9

‘;used 1nterchangeab1y Measurements were made at both locatlons

% K2R

[ B -
L - - o
L
v

. AN - . E o R
A e IR K L B PN -
-T ) J (~, :

Data were ana]ysed uSIng the BMDP B1omed1ca1 Computer Programs :

'P ser1es package (Dlxon ahd Bfown 1979) For comparlson of

et T T LI
PO e N ¥ S . - :
+ : N T e o . . . e e, ooF
::i - T % j‘\’ sy e i A »

-

~ be the bas;c un1t in descr1b1ng growth charag;er1st1cs._ Alopecﬁrus_is e

- mak1ng the use of tenns such as-a "s1ng1e p]ant” or shoot“ amb1guous.d -

B N L

FESRER e e S e e daiae
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morpho]og1ca1 character1st1cs, -a Lavene's Test for equa] variances was
‘conducted to determ1ne whether parametrwc or non- parametr1c stat1st1cs
| weri’to be- used A Bonferron1 test was used forwa pa1rw1se conpar1son
of. ce]l heans and was well suited.to these data since s1gn1f1cant
,}:dﬂrferences cou]d’be determ1ned whether var1ances cou]d be assumed

equa1 (poo]ed var1ance T) or not (separqte variance T) (Dixon and

Brown 1979)

<

Phenology and Léaf'Elohgation .

Dur1ng the summer of 1979, phenological observatlons and
measurements were made per1od1ca1]y on 15 tagged A]ogecuru plants at‘
:each of the’ four 1ntens1ve study s1tes. Shoot he1ght, number of 1iwe
and dead leaves 1engths of green and brown portions of leaves, ahd

- flowering condition were recorded for each plant.

Root Growth.

Root systems were excavqted e§<inten5?ve sites to determine
rootfhg patterns and'haximun root deofh.*-hoot elongafion was studied
during the summer of 1979'using wedge;shapedlrootaﬁoxes with clear
‘plexig1ass Sfdes. similar to those described by Bii]ings éﬁ_gl;
(1973). (Four root bokes (top dimensions = 22 x 16 cm, depth = 16 cm)
were Jnstalled in late June at Truelove Lowland and early July at- K1ng |
Ay Christian Island (51te 1 at each 1ocatlon).' Each box contained a sod
T'b]OCk taken from a pure stand_of Alégedurgg. Root bowes were placed

in the same holes from which sod blocksﬁwere taken. ' Two to three
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[

weeks after insta]]ation,;positiqnsQof 5 to 12 roots per box were

marked on the plexiglass sides. Elongations beyond.the initial
" ’ 1
position were recorded weekly:

Flowering . -

Flower?ng‘data were-collected from phenological and phyt%socio—
log1ca1 studies as well as from six-permanent flowering plots: (0 5 m2)
at each of the four 1nten51ve s1tes Percent flowering on 1ntens1ve
and secondary S1tes was ‘determined by re]at1ng inflorescence density
to the density of growing pointsl Due to high densities of, growing

| -2
~ points .at Truelove site 2 (1500—3000 m ) f]ower1ng through the \

growing season was compared on an inflorescence dens1ty bas15°

+

Root "to Shoot Ratios and Biomdss ’
. ‘ . .

- /e

_Ltve~root to“shoot ratios were determined-for 12 A]opecurus.plants

at each intensive 51te between August 4 and 8 1979 Root systems , S

were dug to 20. cm and separated 1nto 5 cm 1nterva1s S0 that the o

d1str1but10n of root biomass .with depth could be determ1ned Roots
rh1zomes and shoots&yere visually separated into dead and 11ve

material. Live roots were._ turg1d and white to tan in colour Wh11e S
dead roots were f]acc1d and brown. Visual separation of roots may | -
: underestﬂmate the live root component since even after cortlcal death,
the stele may rema1n functional. This. method does not o]ear]y o k
d1st1ngu1sh betwﬁgh current year roots and those from prev1ous years. |
A review of live grass root est1mates us1ng different techniques is .

x? -~
3



given by Reekie‘and Redmann (1983).' Rhizomes were considered live if

e

attached to a 11ve shoot or if they had attached 11v1ng roots. Leaves
, * E

hav1ng fa]] co]ourat1on were 1nc1uded w1th 11ve shoots. Root to shoot

&

\

i

nat1os were actua]]y be]owground to aboveground ratios s1nce rhizomes

~

mere included with roots in ca]cu]at1ng ratios, howeven;éa]culations

1

PR inc]uding rhizomes with shoots were made to compare data to other

»

at 80 % for 24 h and we1ghed o P o

studies. L | R B

'
\s A '

.Standing crop- ¢J1ve ¥ dead p]ant mater1a1)ﬂand biomass (1ﬁve‘p1ant

mater1al) were estlmated from cores (28 cm2 x 20 cm deep) (n = 8)

“taken through the grow1ng season at the four 1ntens1ve S1tes
x ~

~

1nc1ud1ng a sampllng dur1ng peak b1onass (early August). Aboveground

b1omass of A]ercuru was estimated dur1ng the time of peak b1omass

2

from harvests of 0.2 x 0:5 m plots (n = 8). L1ve and dead roots,

T

rh1zomes and shoots were sorted us1ng the same cr1ter1a as for

root: shoot determ1nat1ons descr1bed above.5 P]ant materjal was_dnied

o \ . s
AN " , . ‘ ;

RESULTS AND DISCUSSION , L

At both 1ocat1ons, 1nd1v1dua] vegétat1ve shoots common]y produced

T

3 to 4 leaves per growlng seasoh heaf counfs (11ve + dead) on

_flower1ng shootsﬂ( = 16) 1nd1cated that 2.1 + 0.30, and,12 3 +0.24

(mean + S E. ) 1eaves~were present at King Chr1st1an Island and

A

a

g Truelove Low]and (site 1 at each locat1on)-respectively. This

- - . -
—

Y
2
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| suggests that,shoots live,about 4 }r with flowering occurring in the

f1na1 year,” ‘These est1mates correspond tQ those reported for .
. .

A ]ogecuru by Shrensen (P941) where deveIOpment of an’ 1nflorescence

occurred 1aee in the! fburth summer f]ower1ng was comp]eted in the

%

" fifth Sumer~(5b,rensen 1941). : S

[N -
.“ . !
i

v

“.  Growth Form v BN -7

'
— : ’

PO
" ‘

Through its broad d1str1but1on A]opecurus alp1nus adopts a

var1ety of growth habits in response to var1ed‘m1croenv1ronmenta]1 .
3\ 1 )

conditions (Plates 13, 14 15) Many earlier stud1es l1nked chang1ng

growth form to so1l nutr1ent status {Pdlunin 1948, Pors11d 1955 Kuc

1970) but recent transplant studies- 1nd1cate thqt growth form is also

greatly 1nf1uenced by c]1mate (Mitchell and McKendr1ck 1975).

\ e +
>
-

-~

"

At both:study locations, Alopecurus exhibited a typical erect = -

graminoid growth form. On dry exposed sites at King Christian fslend

-

Alopecurus also adopted a spreading and stun;ed ‘growth ﬁorm w1th very

lTow leaf angles (P]ate 16). , . =

. .
e
.

Alopecurus exh1b1ted greater 1nterls1te d1fferences in mean values

and size class d1str1but1on of culm height, teaf length and

X}

inflorescence helght at Truelove Lowland; greater d1fferences in 1eaf
width were observed at K1ng Christian Is]and (ngs. 26-31), . In go1ng
from regu]ar to enr1ched sites at both 1ocatqons- mean vaj ues of the
above measurements and the degree of 1ntra—s;te var1;f1on of the

&

®

measurements/generally increased.  No s1gn1f1cant differences (p> o
N T ‘ . N -
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PLATE 13 Variation in grawth form of Alopecurus

(TOP) alpinus from various sites at King’
"« ' Christian Island. Grid interval 5 x 2
cm. L ' »
f v
. 1 A!ong\A1rstr1p .
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'PCATE- 14 Var1at1on in growth form of A]ogecurus |
{BOTTGM) ~ "alpinus'.from various. Sites at Truelgve

, Lowﬂand Grid interval § x 2\cm. Lo
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»
'PLATE I6°
(BOTTOM)

'_ Var1at1on 1n growth “form. of Alggggg£g§ L

U'I:Pwa—'

X - . : s

a1E1nus from h1gh arctic 1ocatJons.
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~ Figure 26, :Size class distribution of culm height
" ‘of Alopecurus alpinus at intensive and
enriched sites on King.Christian Island
.and Truelove Lowland, Mean + S.E. is
. . shown for each cell. L

J ) ) 2

RN
> ~

=~ ]

-

Figure 27, Size class distribution of the length
of the second leaf of Alopecurus '
alpinus at intensive and enriched sites

= on King Christian Island and Truelove
\ Lowland. Mean + S.E. i3 shown. for each
vcell. ’
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4 B .
. Figure 28. Size class distribution of léngth of
~third leaf of Alopecurus alpinus at
intensive and enriched sites on King
Christian Island and Truelove Lowland.
Mean + S.E. is shown for each cell,

LI

_Figure 29. Size c]qsé distribution of width of
second 1eaf of Alopecurus alpinus at
intensive aad-enriched sites on King
Christian -Island ahd Truelove Lowland.
- Mean + S.E. shoyg,for each cell.

A
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F1gqre 3. S1ze class d1str1but1on of w1dth of A
© “third leaf of ATopecurus alpinus at

~Figure 31. Size class distribution of ?

S ‘ 1inf1brescenée‘heightvof AlercurUs‘,;
"~ ..~ alpinus at intensive and enriched sftes-
" on King Christian Island and Truelove
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.05) wgre'obsgrved in plant measurements between King Christian Island
sfte{i, site 2 and‘True1ove site 1~(Tab1e 15). Enriched sites
consistent}y had significantly (p < .05) wider leaves and longer
inf]orescencéé than regular sites. ‘Valueg for all growth measurements
were significantly greater (p < .001) fdr‘p]ants from the Truelove
enriched site than for tﬁbse from f}uelove site 1. Truelove-~site 2
plants were similar to ‘enriched site plants in culm height and length
of.thg second leaf and resembled Truelove site 1 plants in L

. inflorescence height and in length and width of the third leaf. The
major fegture gf the ph;;jca] environment distinguishing the-tﬁree

-~

Truelove isités appearéd to be soil phosphorus, with the enriched site

and the jce-centred»p;iybbps (site 2) having relatively high levels,
On King Christian Island, KTOpecurué from the enriched site had

v gignificantly greater (p < .05) va]ues'fﬁan the plants from graminoid
bar;ens site (;ite 1) for all measurements excepﬁ for length of the
secondf?éaf. Culm height and leaf lengths were not significantly
different}at\the King Christian Island enriched site aﬁd the
;ryptogam-gra@inbid site (site 2). Values for leaf widths and

inf]orescence'height.were sighificantly gréaten (p 5,.01)’at the

enriched site.
*

o
o Soil ‘enrichment at Truelove Lowland appeared to promote greater
’7dpward growfh in Alopecurus as indicated by greater culm height and A»
leaf length (Fig. 26-28). At the environmentally harsher semi-de;ert‘
Alocatien, Alopecurus responded tosenrichment by forming leaves that

were significantly wider than at regular sites.. At both 1ocat1'onsi

enrichment appeared to increase.photosynthetic surface area but qndefi

140
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INFLORESCENCE HEIGHT

'®

TABLE 15,  Levels of siynificance for differences in growth form
: variables for Alopecurus from intensive sites and an -
enriched site at Eing Christianm Island and Truélove
Lowland.  -° o .
SITE I - KCI 2'15 KCI ENR. TRUEL.* TRUEL. 2 TRUEL. ENR.
K.C.1 1 LAl NS 1 1 NS ] Eex ] ek -
: 2 NS - - 1 NS 2 NS 2 NS 2 KR
3 NS 3 * 3*NS 3 NS: 3
4 NS ‘ 4>*** S 4 NS 4 F* %Kk 4 *kk
5 NS b kak 5 NS 5 * 5 kxk
6 NS 6 ** 6 NS 6 NS b ***
TRUELOVE R 1 **% NS N
ENRICHED 2 ** 2 ** 2 *x* "2 NS
o . 3 * 3NS 3 *k* 3 * %Kk
' 4 *rx § ** g KAk 4 Hxx
5 kK 5 *k ' 5 *Kk %k b *%k*
§ **kx 5 * 6 *xx . 6 *x¥
TRUELOVE 2- L oaee 1w ] A
— 2NS 2 NS 2 \
3 NS -3 3 NS
4 ** 4 *kk 4 %*
5 NS - Miakeked 5 NS
6 NS 6 *** 6 NS
TRUELOVE 1 1 NS 1 * SIGNIFICANCE. LEVEL
‘ 2 NS 2 NS * 0b
3 NS 3 wF% w0l
4 NS 4 **x *kKx .001 . }
5 NS h wk% NS  NOT SIGNIFICANT
6 NS 6 NS .
K.CoI. -. 1 NS ( VARIABLES v
ENRICHED 2 NS , 1 CULM HEIGHT
B 3 NS 2 LENGTH 2ND LEAF
4 wAx 3 LEN?TH 3RD LEAF
H *u* 4 WIDTH 2ND LEAF .
6 ** 5 WIDTH 3RD LEAF .~
6
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1

the harsﬁer enyironﬁénta] conditions at King Christian Island,

~+ Alopecurys maintained a more Stunted and denser growth form and
incréaged 1e;f width,vgiving the advantage of a more favourable
thermal envirénment closer to the ground. At the‘tuhdra location,
Alopecurus formed 1gpggr, narrower leaves and taller éulms. Similar
observations were méde by Mitchell and McKendrick (1975) who found
tRat populations of Alaskan Alopecurus exhibited a densé, stunted
growth form at an arctic transplant garden while these same \

N . \

populations had greater culm heights and longer and narrower leaves at

a boreal trahsplant.gardeﬁ. Although the growth form appeared to be
altered by climatic conditions, aboveground: biomass at the arctic and
uborea1-§arden were similar. | |
Trangblant studie’s (Mitchell and MéKéndrick 1975) Héve shown that .
Alogeﬁu;us culm height may bé related to Tatitude, howe¢er in this
' {stgdy‘there isécénsiderable variation in culm height in response %9
‘ di%feﬁent site conditions at the same latitude (P]dte 13, Table 16’.'
‘Polun{n (;948) reported that Alopecurus reached 50 cm in height at
» Pond }n]et and Simmons (1904) reported culm heights of 45 cm at 80° N
1ati£ude on northwestern Greenland. Greater culm heights occur on
sites hév{hg nagural or human-caused nutrient inputs‘(Pdrsild 1920,
. Polunin 1948, Pprsild 1955). Improved growth also occurs on human-

~ disturbed sites and areas of natural disturbance.

!
[
{

t

Chapin and/Shaver’(lQBl) reparted increased nutrient availability
in vehicle tracks and‘g,resulting 2- to 15-fold ihcrease in

aboveyround standing crop of nitrogen and phosphorus of plants growing
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Table 16.  Maximum culm height or height range (to nearest cm) of
- Alopecurus alpinus for various northern locations in
natural, disturbed and enriched sites. )

Location Latitude = Site Max imum Author
O « Culm Hei%ht ‘
(°N) or Heigh . :
' Range (cm)
) - ,. A
Cape Abernethy, 77 Site 1 9 This study
King Christian Site 2 9 This study
- Island : Airstrip : 11 - This study
\ _ Along airstrip 13 This study
Truelove Lowland 75 - Site 1 L 10 . This study
Devon Island. - Site 2 - 15 This study
Thule camp - 28 This study .
 Bird perch 26 This study
Solufluction lobe 24 This study -
Vehicle tracks 11 This study
Enriched wet _
depression 34 . - This study .
Waterlogged 20 ~ This study

vehicle tracks a

Foulke Fjord,

Northwest 78 Auk colony 45 Simmons 1904
Greenland , | o :
Svalbard - 77-80 Various 10-15 Rfnning 1972
Craig Harbour, 76 - Disturbed 35 Polunin 1948
ETlesmere ‘ - : ' )
Island |
Dundas Harbour, 74  Récent 35 Polunin 1948
Devon Island glacial moraine’
Pond Inlet, 72 Stone & earth 50 Polunin 1948
Baffin Island huts of old
- . encampment _
Prudhoe, Alaska 70  Fertilized 26-52 - Mitchell and
' transplants ' + McKendrick 1975

Palmer, Alaska 62  Fertilized 9-61 Mitchel) and
, v transplants McKendrick 1975
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in vehicle tracks compared wifh controls. ,Alopecurus grow1ng in
veh1c1e tr Q&: an True]ove Low]and did not have culm heights that were

¥

greater han at natural sites. Maximum cu]m height at-a Veh1c1e track‘
site 11 cm) was similar-to culm height at site 1 (IO cm). Percent
,:cover and aboveground stand1ng grop of Alogecurus 1n the vehicle N
tracks was however greater than at site 1. Cu]m height is perhaps a

good 1nd1cator of general nutrient conditions but* because A]ogecuru
appears to be a plastic spec1es and its growth form may be influenced

by m1croc11mate, nutr1ents or.soil moisture, 1ncreased cu]m he1ght

does not necessarily indicate increased b1omass since stunted and “
dense forms of Alopecurus can have an‘aboveground b1omass similar to
taller forms (Mitchell and McKendrick-1975). |

)

Phenology and Leof Elongation
‘ of the four intensive sites, cumulative length of green leaves
(early August, 1979) wes greatest_at Trueloye site 1 (7.0 cm) and
ﬂ]owest at King Christian Island site 2 (5.0 ch) (Fig. 32). ;otal
(green +.brown) 1eef length however was greatest at True]ove§s7t2f§>e§§
Cumulative length of green.portions-Of Alopecurus 1eaves cohtinued to
| increase to August 1 at King Christian Island sites conpared with
August 5 (or later) at Truelove site 1 and July 20 (or earller) at
Truelove site 2. Early snowmelt and possibly greater-soil nutrients
(P) at Truelove site 2 appeared to contribute to rapid phenological
development, resulting in an early peak in leaf length. Sihi]ar
trends were: observed in the time of peak flowering where Alogecuru at |

Truelove site 2 reached peak f]ower1ng one week earl1er than other
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Figuré'32. Changes in length of'green-(shaded) and

brown (open) portions of Alopecurus .
_leaves at sites 1 (squares) and 2 .
(triangles), Cape Abernethy and
Truelove Lowland, summer 1979.
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. intensive sites (Fig. 33). An early peak in cumulative leaf length at
TTrue]ove site 2 is supported by the greatest:rate of late season
dieback by these same plants. Dieback of leavee began earlier in the
season but proceeded s]owly at King Christian Is]and sites unt11

August before becoming rap]d whereas dieback begyan later at True]ove
sites and proceeded qu1ck]y Muc (1976) reported that Carex stans and
C. membranacea at Truelove Lowland exhibited an initial: slow per1od of
leaf d1e§ack folldwed by rapid brownjng. This was more simitar to
phenological trends iin AlegecuruS‘oniKing Christian Island than that
from True]bve Lowland. -Compariné the lengths of green,‘brown and

yreen + brown portions of Aldgecurus leaves at the four intensive

sites for“July, 25 and Ngust 7, 1979, only the length of brown leaf
portfons showed aﬁy signifieant differences (Table 17). On du]y 25,
cumulative lengths of brown porfﬁons Were significantly greater (p < .v
U5) at True%ove site 2 than at the ptherftﬁree sites. ‘By August 7,
Truelove site 2 had significantlykgreater (p < .05)'bf0wn leaf lengths
than King Christian site 1. King Christian site llshowed the greatestﬁ
increases 'in green and.‘green + -brbwn Teaf pions 1énd Tr_uelove sites
.-ha§§gceeter increases in broWneleaf portions for this time peridd.

PR

Although data for early season leaf growth are incomp1ete%
, N " e
observations from late snowmelt sites show that Alogecurus.exhibits
‘rapid leaf elongation. following snowmelt,,as do other arctic

gram1no1ds (Muc 1976, Addison 1977a). - o o
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R . . } 4
Figure'33. Phenology of Alopecurus alpinus at -
sites 1 and 2, Cape Abernethy and-
- Truelove Lowland, summer 1979. (1)
snow-free period (anshaded). Uncertain
of snow conditions at Truelove Lowland
after August 21. (2) Increase in
cumulative green leaf length from
# initiation to time that maximum is
reached.:*(3) Browning of leaves from
initiation to time that maximum is e
reached. (4) Leaf number from . . .
initiation to time that maximum {s
reached. (5) Flowering from initfation
to time that maximum is reached.
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TABLE 17. Average lengths {cm) of cumulative green, brdwn and green + brown
’ portions of Alopecurus leaves at sites 1 and 2, Cape Abernethy and

 Truelove Lowland (mean + S.E.). Sites are numbered (1-4) ‘and those
* that are ‘not significantly different from each other are underlined

together. 0
. DATE July 25-28, 1979 August 5-8, 1979 Increase between
e mmmmmmmmmaaie mmme- 2 dates______.
NO./SITE green brown green green browh green green brown green
S + , + o
brown : ~ brown brown
KING ‘CHRISTIAN
ISLAND -
S s . ¢
1 Sitel 5.4 (.04 5.4 6.0 0,09 6.1 0.4 0.8 0.7
.+ + + T+ o+ +
0741 0703 UT4L 033 (0735 0786
2 site2. 47 0.0, 4.7 5.0 0.6 56 03 06 09
- : b ' h A hd ht '
0.32 0.32 0.27 0,23 0.34
TRUELOVE o . o |
34 sitel . 6.6 0.0 6.6 7.0 1.3 82 04 13 156
: + + + + +
0765 U765 0076 0753 171
4 site2.. 5.6 0.6 63 63 17 84 07 1d 2.1
SR AN S U S |
0799 U4 1704 1724 024 12
significance ‘ - 3 »
level NS -+ NS NS * NS P

: | 1234 123¢ 1234 1234 1234 1234 o
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Root Growth | . ;‘ g
. ?e]i-and'Bliss (1978) indicate that Alopecurus has rapid]y;
.e]ongating roots that penetrate the soil t0-depths‘greater than many
other arctic speCies. In plant communifieswhere‘actiVe layers were
shallow as &t both Truelove intensive sites, A]opecurus;roots werg
commonly\founddgrowing near the permafrost table‘(Tab]e 18). 'Data u
fran var1ous stud1es suggest that water and nutr1ents (Walker and
Peters 1977 Bell and Bliss 1978, Gersper et al. 1980) -and dissolved
oxygen in saturated soils (Nosko 1978) may accumilate on the
permafrost table. Shauer and éil]ings‘(t927) have shown that-roots of g
arctic graminoids'are capable of“growth'at near-freezing temperatures
«and nutrxent uptake by these gram1no1ds 1s relat1ve1y temperature
insensitive (Chap1n and Bloom 1976) Deep rooting character1st1cs of ‘
: lopecuru offer anﬂadvantagé invnutr1ent-poor and dry'501ls..41n.
| addition to 1ncreased root, surface area fzgggb%§:pt1on of water and
nutr1ents, growth Just above the permafrost table would’ a]]ow .
accumulated resources such asvwater, nutr1ents and d1ssolved oxygen to -

be used, - R 1'17

P < 7, . ‘ , e . '

W } . . -

Rap1d root growth (Bell and’ Bliss 1978) a]1ows Alopecuru to 5_' A

expfo1t benef1ts assoc1ated with natural and, human caused d1sturbance.
. The occurrence of 1ush Alopecurus on, 1ce-centre polygon margins, |
u; fronts of solwfluctton Tobes and along eroded gulleys suggests)that,
movement or churn1ng of soil enhanoes nutrlent ava1labi11ty Jordan

- oetal. (1978) reported that m1crob1a1 actlvity in True]oVe Low]and
”50113 was greatest at 1ce-centre pongons (Truelove s1te 2)

- —
f“
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Table lééf Max1mum‘observe¢_root1ng depths of A10pecurus alpinus at
o study sites on K1ng Chr1st1an Island and Truelove -

. Low]and
.-,.)“ M' . B Ja
Lbcation  Stte  Active Léyef Mean (+ S.E.) Maximum Observed
IR Depth (cm) Rooting Depth Root1ng Depth
' L 4 o _ ~(cm) (n-12§ o
Kipg ~~ T - c L
Chiistian 1 ‘ 44 _ 18.1 + 1.43 25
IsTand , o ' :
-~ King = C - /
. Christian 2 7 43 - 18.9.+1,45 26 1
Island - " v . S , ‘ / '
Truelove 1 2 1B.S+1.08 2
Truelove 2 2 133+ 0.9 - 20
*:DEpfh ba]culated from top of earth hummocks B ig
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Increased nutrient availability in dis%Urbed/§o$*\ (Chapin and Shaver
v19817 ngy be due to increased m1crob1af\act1v1ty which 1s presumably
st1mu1atéd by h1gher so11 temperature and greater soil aeration. In
areas of high spec1es_d1vers1ty,v ]ogecurus appears‘tOvbe a poor: -

. canpetitOro‘ This_Species is absent fran;many und{sturbed Egndra; i
communfties\buthominates on many disturbedtand enriehed,sitee. ,Rapid
root'growth may improve the canpetetiVetaoility of A}OQecurus on sitest |
where avai]able sOil nutrients are rela@ively high‘ ‘Nhere dtsturbance |
1ncreases nutrient ava11ab111ty, root character1st1cs and rapid

| vegetat1ve reproduct1on allow Alopecurus to be successful while other :

hshal]ow rootlng and slower grow1ng Spec1es that may - dom1nate

\

t o ‘
' undlsturbed s1tes appear td” have dlff1culty becom1ng established

P Gram1no1d roots are we]l adapted to growth and nutr1ent uptake at
Tow so11 temperatures (Chaﬁnn and Bloom 1976, ShaVér and B1]]1ngs “A;’“,' .

1975) however root elongatwon var1es with temperature. Compar1ng the 'fbv o

data of th1s study to thosenofd_’ll -and Btiss - (1978) and Add1son and
(1980), weekly elongat1on of the ma*sﬁroot of Alopecuru at Cape g |
_Abernethy was up to 3U% greater dur1ng a wann summer (1979) than a : o

BI4:

. cool sumner (1974) (F1g. 34) S1te var1at1od‘and different techn1ques
\ g
.may however account for some of thgse d1fferences. In thls study, N
4root elongat1on rates showed cons1derab1e var1ation for per1ods when

.such wa]uesowere re]ative]y high weekly mean air tanperatures at

Truelove (1979) and Klng Christian Is]and (1974) were sim11ar, as was

n '“f"_l£EE¥§ﬂ3i_ nooteelongatlon. ‘f: _ ﬂ ifg_';av fo r KAI;“; o
v Flowering“and Reproduction ¢ £
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‘Figure 34. Mean weekly root elibnjga‘t'ioh of .

S ' Aldpecurus. alpinus ‘at King Christian -
L m [ruelove Lowland. Data for-
SRR 1974 from Bell and Bliss (1978) (root ' °

length) arid.Addison and Bliss (1980)
(temperature), - -+

t
i B

s
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Flowering in Alopecurus occurred eaf]y and continued throughout
‘much of'the growing season. Flowering accurred as early as one deek
after snowmelt. Reports of the earliest anthesis in A]oggcgnus*,
suggést a possible relationship to latitude (Table 19) thZvér annual
climatic differences between locations may change this time from one
season to the,néxt. Observations at Truelove sites indicate that at
the same latitude, differences of grgater than one week can/oCcur in
time of earliest flowering between §i£es that are snow-fre%/by late
June. The time of earliest flowering in areas of late snowme]tfsqg?
as a‘vehicle track site, can lag other sites by more_thanvone mqnth.
This time difference represents more than one-half of the’available
~growing season. Earliest observed flowering at Truelove Lowland
occurred on the Thule encampment site. This site not only was
snow-free early in the season but had the higheSt levels of soil
phosphorus (Table 7), suggesting that soil -nutrient status may also4’
influence the time of anthesis.

At the King Chfistian Island and Truelove Lowland intensive sites,
peak flowering'occﬁéred about one month affef the time of ‘earliest
flowering. APeak flowering occurred earliest Qf Trueiove site 2 (July
29), at least one week earlier than at site 1 (Ftg. 33). Peak
fidwering occurred at both fing Christian Island sites About August 3.
The 1979 growing ;easoh at king Christian Isldnd appeared to begin
eaf]iér than usual with Cape Abernethy being largely snow-free and dry
byldy]y 1. At tﬁis time.inI1978, muéh_of the area was snow-covered

and areas that were free of show were saturated with meltwater.

o
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Table 19. ,Time of earliest flowering of Alqpecurus,a[piqgs at
vacious arctic locations. - '

[N

Location | Latitude Time of . , Author
. Earliest ,
Flowering 5 "
Isachsen, Ellef  78°N . July 15 (1960) Savile (1961)
Ringnes Island ‘
King Christian  77%  July 4 (1979) This study
Island (sites 1- ' :
~and 2) .
Truelove Lowland  75°N _ | This study
Site 1 June 29 (1979)
Site 2 : . June 25 (1979)
_Thule Camp ~ June 20 (1979) )
Vehicle Tracks July 25 (1979) ,
Eskimonaes, o 74°N June 16 L - Gelting (1934)
E. Greenland : ) . 7
Traill Island,  72°% - July 7 (1935) ~ Srensen (1941) -
E. Greenland o
*Paimer Alaska 61°N : _ Mitchell: and
: ' : - McKendrick .
Arctic "Biotypes" May 11 (1973) - (1975)

May 6 (1974)

Boreal Forested o
“Biotypes" ‘ June 3 (1973)
: May 19 (1974)

Boreal, Cbpsfal : . o
"Biotypes" June 16 (1973) :
: ' June 2 (1974)

CoTbrado s Alping '
"Biotypes" - June 6 (1973)
o - © . May 26 (1974)

*fnformation from Palmeﬁ, Alaska is for Alopecurus from various
locations tranfplanted to Palmer. Plants were given fertilizer and
water, ‘ E :
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Inflorescence density at King Christian Island sites was low, with'

a mean of only 1.8 to 4 5 flowers m -2 (sites 1 and 2.resoective1yxvas
compared to 245 flowers m -2 at Truelove site 2. (Fig. 35). :
Inflorescence density is influenced by percent cover and Alopeclrus
“cover differs greatly between 1ntens1ve sites. Standardizing |
inflorescence dens1ty at ‘the four intensive sites to a 1U0% Alogecurus
cover (Tab]e 20), flowering intensity is cons1derab1y lower at the
- semi-desert 1ocation. Percent flowering (fiowering density divided by

" growing po1nt dens1ty multiplied by 100%) on King Christian Island

intensive s1tes was lower (0 8 to 2. 1%) than on Truelove sites (2.6 to .

 6.3%) (Table 21). A late snowmelt.site on True]ove;Lowland, where
_Alopecurus did not begin to flower until July 25, had 41 flowers 2
by August 6 as compared to a max1mym of 4.5 flowers m -2 at King |
~Christian Island sites. (ﬁ ,‘ - M

" The importance of so1f§rutr1ents to flowering intensity is
1nd1cated by an. {ncrease in percent flower1ng of Alopecurus on
d15turbed and nutr1ent-enr1ched s1tes where growth is lush. At King
Christian Island, percent flowering on a d1sturbed S1teawas 2 to 4
times greater than at the intensive sites.” At Eruelove Lowland,
enriched and disturbed sites had a percent flowering 2 to 3 times
'greater than at Truelove site 1. TrueTove's;te 2 had a longer ,[‘
‘ snow-free period and more soil nitrate and phosphorus than a disturbed
vehicle track site, but had a lower percent f]ower1ng. Although

Truelove site 2 had a .considerably h1gher flowering density (flowers

) than other sttes at this locat1on pﬁrcent flowering was _lower

rd

than some sites due to extreme]y h1gh shoot dens1t1es. Mean shoot

é 3

158



Figure 35, Inflorescence densijty of Alopecurus
alpinus at sites f%nd 2, Cape
Abernethy and Truelove Lowland, summer
1979, .
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245.0 (109.0) 50.5 (4.2)

Table 2U. - Comparison of flowers m K of AlApecurus a}plnus at major
' study sites on King Christian Island and-Truelove
Lowland. August 2 to 7, 1979,°-Values are standardized
to 1U0% A]ogecurus cover. Standard error is s own in
parentheses. : . .
Location/Site = Flowers . Mean Alopecurus Mean Flowers m™2
2 Cover ’ Standardized to
m- ‘ 100%. Alopecurus
P Cover .
King Christian
Island ' |
site 1 1.8 (0.8) 2.3 (0.3) 78.3
Site 2 . 4.5 (1.2) 4.3 (v.4) 104.6
Truelove Y ¢ ’ ‘ )
‘Site 1 19.0 (5.0) . 12.0 (1.2) ° 15,3 :
Site 2 485.1

161
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Table 21. “ Percent flowering* of Alopecurus alpinus at various
sites on King Christian Island and Truelove Lowiand.

Location/Site | A - Percent F]oweriné
- YEAR 1978 1979 1980
King Christian Island ,
Site 1 | | LI 0.8 + 1.0
Site2 B X 1.9 2.1
Along airstrip (disturbed) C - 2.9 . 4.0
; RIS C o : X a, . .
Truelove Lowtand : E -~ h E . /
Site 1 2.6 3.4 37,
Site2: . ol - a9 63 43
Thule Camp (enriched) "« ¥ g g5
Bird Perch : nri&h‘d- ~ AR Wi el ‘ 22,1 -
frd Perch {gnriched) . . el .
~ Vehicle Tracks ¥ - - N : -
. (disturbed)  © .. 3, 4.2
. Vehicle Tracks 11.- =+, ‘ S e
(disturbed) R S8 9.0 -
| S e Y L -
: ay N y ' - "—2 . ,4‘ [N ~ — AT N -
*Percent flowering =. flowers m" . x 100 N
. . growing points m'z,‘, g . R
o R S NN .
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density (1ate July) at Truelove site 2'was 2370 shoots m’

L

-2 as compared

to 475 to 1386 on other tundra s1tes examined. At Truelove site 1

inflorescence density was 7 flowers m ‘2

compared to 144 flowers m “Z on
10 —year-o]d vehicle tracks pa551ng through the same site (Fig. 36)
,/
In addition‘to variation among 1ocations and'sites, Alopecurus

exhibited annual variation in-flowering (Tab1e‘21, Fig. 36). Muc

(1976) repgr ed annual and inter-site variatjon in flowering ofAtundra

gram1nolds and that floweting' rates of a partlcular growing season

refleCted cl1ma£%c cond1tions of the previous season. This 1atter

trend was not consistently observed with Alopecurus. Percent e

flowering in ]opecurus is low and this appears to be the case .for

many high arct1c gram1no1ds (Muc 1976, Bell and B]1ss 1980)

Sexua] reproduqt1on of A]ogecuru appeﬁrs to be 11m1ted by low d.if—

temperature and a short grow1ng season. Although 1nf1orescences and ‘

seeds are commonly produced seed maturat1on rarely occurs, even on

' s1tes where 1t 1sdprgsunedﬁthat favourab]e,so11 nutr1ent cond1t1ons

- enolé%1ca1 deve}opment.x Durlng the summers of

1978 and 1979 no v1able seed was produced on e1ther K1ng Chr1st1an
Island or True]ove Lou[and study sttes. S1m11ar reportS*were made '
prev1ous]y at K1ng.chc1st1an Island (Beﬁl and Bl1ss 1980) and for
lopecurg at Svalbard (Rdnn1ng 19;2) Dur1ng th1s ent1re study,'

lopecuru seeﬁ11ngs were never observed«1n the f1e1d and attempt; to

.

proddce v1ab1e seed~1n plant growth chambers fa11ed Dn K1ng L

Christ1an Is]and 1n 1979 early autumn freezing may have kl]]ed
L

-

163

-1nflorescenpes, Lethal freez1ng ‘of f]owers has been reported for o "‘

oot Ll . .
s



Fig(uge 36. Compar1 son of Alopecurus 1nflorescence
1 density at Truelove site 1 between . .
years (1978-1980) and between hummocky .
tundra and adjacent disturbed tundra

(vehicle tracks) -

~
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plants on K1ng Chr1st1an I§land (Bell~andtBliss 1980)“4 Devon fsland

(Svoboda 1974) and the Chukotskly Pen1nsula U .S.S.R. (Gavnllyuk

1961) * The 1nh1b1t10n of sexual reproduct1on by harsh env1ronmentel

cond1t10ns favours vegetat1ve reproduct1on in tundra reglons (B]lSS : Sy

X

N 1971, Blllings 1974),'}

¢
¢

On Truelove Lowland vthe presence o(;Alopecurus,1ﬂ w1dely

separated Tocalized areas of dtsthrbance or enr1chment/ﬁgg_lls/aosence 3

;3
PO A B
R $

from surnound1ng COmmunltles rafses fhe questdontof how lopecurus L e
becanes establ1shed 1n thege 1solated pockets Svoboda - (1974) oé&@%a -
' Thab, ;

:adlﬁ proposed thax colonlzat1on of. plant& in areas of poor seed product1on L ’

.'

« o may occur by’ the d1spersal of vegetat1ve prOpagules. In the case of S

lopecurus, th1s would requ1re d1spersal of rh1zomes or rhlzqme v
_y

. fragments. Th1s d1sperSal would have t% occur over long dlstances to -

- account for establ1shment of Alopecuru 1n some 1solated s1tes on

‘ Truelove Lowland Luzula confusa also rarely produces v1able seed

| N
(Bell and Bliss 1980, Add1son and Bl1ss 1984) and often occurs w1th %Q'~' o .,

R

lopecuru (eg. K1ng Chrlst1an Island sntes 1 and Zk,Truelove site 2)
It sebms llkely that loEecuru and Luzula produce v1able seed 1n rare
summers. They are 1mportant gramlno1ds ‘over’ large areas in polar ' t: : _A é
sem1 desert reg1on§*and occur in w1dely separated local1zed pocketsvllb:, o

Cin predom1nantly tundra locat1ons such as Truelove Lowland.

-,

Occaslonally, warm summers and an extended growing season may allow

\-': for v1a le seed product1on._ Th1s could allow for colonxzat1on by

lopecurg 1n favourable summers and malntenance in less favourable
\ ;' summers b} vegetattve reproduct1on. >'»~5_t \:'*’fk;-: s

SRS R ) ‘ . o R | I s R g
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The 1nab111ty of 1ogecuru s to produce v1ab1e seed in h1gh arct1c

-,

env1¢onménts yet a11ocate energy to 1nflorescence product1on, z;f;;i'} *‘vf;f
TR represents a low qegrew of adaptatlon under energy—l1m1ted cond1t1ons. | S;' B

Some of the enengy fOr f]ower prdUuttion and deveIOpmggt may be

PN contr1buted’by’yhotﬂsyuthes1s of green port1ons of. cu]ms and

i xnflorescences (Bazzaz ex al. 1979), thereby reduc1ng the demand for

':$?“1, noto;ynthaﬂb fran Vegetatfve port1ons. Up to 80% of ihehenergy and;ii:,:?r ' g
L carbon in mature seeds of temperate cereal grasSes is contr1buted by.ﬁg
'photosynthes1s of the 1nf1orescence (Thorne 1965) The plant must ‘
comm1t itself to: flowerlng well before the time of seed r1pen1ng...?} ifa‘fy::.-'f“
Energy—expens1ve seed f1111ng is auo1ded dur1ng unfavéﬂrable : f‘;*v{ ;:i:fi? i

iy.

cond1tions at the end of a growing season by seed abort1on. Energy

A]ogecuru .are; a]so

1osses to uusuccessful sexual reproduct1onv1;

«v’4f, 1980). Overwintering f]ora] pr1hord1a'a»
: )

r-

o

i'], more southern latitudes.jlf};

O S
: 3

" Root to’ Shoot Ratios’
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“Christian Island site 1 (0.51) and lowest at Truelove site 2 (0.37)
‘(Table 22), “indicating a ppenJ tq@érd increasing féot biomassiwith
Hecre§sing Alopecurus and vascular plant cover. Greater root fo shoot
ra;ios'at semi-desert sites méy r?sult from a greater active 1ay;r and
- greater root .penetration at these sites, or maj reguﬁt from Qreaten
allocation toiabo;éground deFionsﬁat Trueiove sites (Fig. 37) where
radfation, lir temperature and length of growing season are greatér‘
than at the sgmi-desert location. Allocation pafternsiand,mean dr&
weight of ind{vidua1/p]ants (live portion)}wére sim%lér fo; Albgechrus_-

at King Christian Island site 2 and Truelove site’l. Root to shoot

ratios at King Christian Island sites fell within. the range of va]uesAﬂ

| Eepohted for Alopecurus at the same location‘by Bel]rand.Bfiss (1978) i \\
who ‘measured’ ratios of 0.37 on mois{_meado@g t6'0.73‘on‘d;yhmg§dowsl B
(shoots include rhizomes). = - | ”“’ i:f e i
. " 2N ‘ .-.‘ S

Alopecurus exhibits greater growth,and greater plant cover on ™
disturbed and enriched sites, howéver gder such conaixiqns root to e
shoot ratios decreased, - In this stud Alopecurus root to shoot

_ratios were lowest on the site having the greéfest’levels of soil

3

nitrogen and phosphorus. Bell and Bliss (1978) reported Alopecurus

v

“ratios of 0.28 on a King Christian Island disturbed%site as canpargg :

-/
bl

to 0,37 to 0.73 on natural sitesi g i | L

s ’ ' -
- h -

. " KN o -

- Values of root to‘shoof ratios reported in this study were for
" flowering: individuals.  Bell and Bliss (1978)'compared f]owerinbkgnd

_non-flowering individyals and found that root to shbot'rétias were e
siggﬁficantlyjlower in'f]owering units. Previous studies indicated»_'ﬁm
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o

Live, root live shoot (mean + 95% conf1dence 11m1ts) for
Alopecurus alpinus at various sites on King Christian

i Island and Truelove Low]and For this study n = 12-16. |
LOCATION?SITEJ} DATE LIVE ROOT: AUTHOR |
s T - LIVE SHOOT . .
| (shoqtsgjnclude‘rhizome§)’ .
KING. CHRISTIAN . N R
ISLAND = A -
o .- r-\ ’.?‘ -
-~ Moist Meadow . 16-18 Aug. 1973 0.37 £ 0,08 Bell.4 Bliss 1978
5 ', Chug. 1974 0, 3 + 0. 07 Bell & Bl1ss 1978 -~
Dry Meadow -  16-18 Aug. 1973 0. 50 +0.14%Bell & 31155 1978~
| Aug. 19740, 61 + 011 Bell & Bliss 1978
Disturbed Site 16-18 Aug. 1973 0. 28 + 0 07 Be]] & B]1ss 1978 )
P ‘ o S bR
S1t§-} 6 Aug.’ 19?9 . 0 51 + 0 09 Th1s study . o
Site.2 .. 7 Aug. 1979 | o 43.+ u.07 This study | B
TRUELOVE LOWLAND T X

Sitel 3 Aug. 1979 0.43 + 0. 06 _This study,?“‘uﬁ ; .
Site 2 4 Aug. 1979 . 37/*///D8 This stugy
‘ v N /n) e e -
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. growlng seasons where 1n cooler summers, aboveground growth was

5§ampl1ng was conducted at both locat1ons in. early August th1s perlod AR

"was cons1dered to be the time of peak b1omass for both locatlons

delayed untll m1d August r'(:-..? ';l‘: l.V;; S eif-é-”“"

jChr1st1an Island sltes. Inter-s1te‘d1fﬁerences 1n August standnng ;:;1—y

ﬁl;teﬁtly greater at. site 2 w1th peak” Season values be1ng about- 50%
greater than at 51te 1. gelowground blomass was Elso,greater‘at s:te L

.-g‘>2 Wltb the except1on of late July values for rhlzomes.

S ¥

that Alopecurus root to shoot_ratios showed only minor se&onal

fluctuations,bUt that ratios could‘be'significantly different between .}‘;‘
reduced (Bell -and BllSS 1978) o ’" e ;{- “x}

Biomass =~ .. . %
Gooe . S Ve

v

o Estlmates of Aloggcurus b1onass (l1ve mater1al) and stand1ng crop

i(l1ve t dead mater1al) were made only twice through the 1979 grow1ng -
5. Y

:,season at Trueloue Lowland -and three t1mes at K1ng Chr1st1an Island.

¢

.

fTruelove Lowland, MUC (1977) noted that in wanner summers peak Yy e

i

'blomass in sedge—moss meadows occurred in. early August howeVer 1n

cooler summers development of peak aboveground stand1ng crop w&S’ *Aiﬂa

- . ~

ML

\ . T . LAY - . -

At King Chr1st1an rsland aboveground stand1ng érOp of Alopecurus ";,; ;f‘: .
v o
was s1m1lar through the grow1ng season unt1l early August when valueS' ;,A

) ".

| were about 30% greater at slte 2 (th 38). Although Atopecuru cover - vt;:ﬂtf

ay

is. greater at 51te 2, peak season b1omass Was slm1lar at both K1ng R

.g

* ,.\\' , N ol

"iﬁcrop were largely due to greater standlng dead‘mater1al at s1te 2 C

Throughout the growrhg season belowground stand1ng crop was conS1s— ;ff‘ e

,
e

sotY e Ly . :
'y S : e T - v

£ 3
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At Truelove Low\and stand1ng crop 0 10 ecurusiwas approx1mate1y
2y 9 to 1u t1mes greater at site 2 than at site 1 (Fig. 38) and 30 to 40
times greater than at the semi- desert sites. S1m11arly, be]owground A
b1omass was a]so 10 times greater at site 2:than at: s1te 1 and 20 to

4U times greater than -at King Chr1st1an [sland s1tes

«

Tota] commun1ty b1omass was not sampled and a canparison of
ooy

Alogecuru b1omass to that of the entlre commun1ty cannot ba - -

accurately made. For a cryptogam-herb commun]ty “at K1ng Chr1st1an \ '_ s

I 2

Island Bllss and Svoboda (1984) reported aboveground and belowground

r . « ki

‘vascu]ar biomass of 3 and 6 gm 2. respeCt1ye1y. In th1s study % v

A]ogecuru at gram1no1d dom1nated K1ng Chrqstlan Is]and F1tes averaged ’

S r 2 -
&

w

| K 0.9 and 3. U gm respect1ve1y for aboveground anq be]owground’ o
J‘f ‘s -b1omass‘ Alogecurus at True]owe site 1 (moss cush1pn plant- gram1no1d) "* .

-2

L had an aboveground b1omass of Do 1 g m and a be]owground va]ue of

)

o 13 U g‘m 2 For a. s1m1lar commun1ty on Truelove Lowland Svoboda

.
* '4\ ' L

(1974) reported aboveground and belowground vascular p]anﬂ b1anass to 3

LS

be 126 and 50 g M 2 respectlvely.. Aboveground (86 b g m-g) and .
- f;-f be]owground &200 2. gm ) b1omas§]%f A]ogecurus>at Irue]ove s1te z : ;ﬁ;{;g
appearea to correSpond to b1oma§s$va1ues reported for sedgermoss g : o

LTI VIR
" 8 ~ . . S

A meadows:at Truelove' Lowland Muc 19?7 T :\ e ;'nf
5 : ‘) ‘ ‘,, "\ . . ‘ L s - i o ! >. . ‘

J Lﬂ‘l’\ - e . ;_'}.'-“, < .‘ \'\\’ N .,l .

‘ e b L

e A\

Be?owground tp aboveground rat1os for blomass and«stand1ng crop

~

Mere sﬁm1}ar at» the four 1nten§1ve s1te§. Cons1derab1e dwfferences 3
o

ex1sted‘however between lJve}to dead ratios (aboveground ‘and be1ow- :;.&

-

o a.;ground) for the two study lotat1ons w1th Alogecgg stand1ng crop '%f

. be1ng Targeﬂy compnqsed of - dgad mater1a1 at semi- desert sites and 11ve .
T [ ,‘ _— . T )‘\‘ :



. dead rat1os for aboveground portlons

material at the tundra sites'(Tablev23) | Biomass of Alopchru .

represented an average of 26.4% of aboveground and Sb 2% of below-'

_ground standing crop at King. Chnastlan Island. compared to 55. b%‘and

68.9% respectlvely at Truelove Lowland The live to deadfrat1o~of

K1ng Chr1st1an Island Alogecuru was co;i1derably lower than Luzula .
confysa ‘as was the ratio for Truelove opecurms\compared with Carex

-:stans (Table 24) N1elgolask1 et al. (1981) reported that l1ve to

). \

'¥'1n polar desert and sem1 desert communities and 1: U 8 for mes1c to dry

meadows. These values were comparable to ratios for Alopecuru at

K1ng Chrlst1an Island (1 2.8) and Truelove Lowland (1'0 8) ‘

™.

.‘reSpectlvely. - : ‘ o - : R o

LN . -~ e

,,

: shallow 501l depths (Denn1s and Johnson 1970 Add1son 1977a, Muc 1977

B Shaver.and Cutler 1979) For varlous s1tes at Barrow Alaska 61 to

by §-

. 91% of belowgrqund blomass was located in the top 10 an (Dennls and _)'

R¥

Johnson IQ]U) The d1str1but1on of root standlng crop for AlopeCuru

was s1m1lar at the four. 1ntens1ve sites- w1th 87 to 91% of root ) T

4
F

'stand1ng crop be1ng conflned to the top 19 cm. (Table Zb) ~ The maJor

“«

'%_ dlfference 1n vert1cal root d1str1but1on between K1ng thrlst1an Island

. and Truelove L0wland sites was in root1ng depth the entlre root

stahdrhg crop genera}ﬂy occuns 1n the top 20 cm at K1ng Chr1st1an

°

‘Island but only in the top 15 cm at Truelove Lowland As dlscussed

earl1er the ratio of live. to.dead roots was also a maJor d1fference :

between the two 1ocat10ns. Vert1cal rooq d1str1but1on of Alopecurus )

is compared to that of other m&jor gram1no1d spec1es at both study

+
J - & .

* ' (" o
O SRR

of vascular plants averaged 1:1.9

helowground blomass of arctic. plant spec1es is largely eﬂnf1ned toé

176
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Tabfe_23. Standmg ¢rop rat,ms of Alopecurus a]pmus at intensive
' ¥ . . study sites on King Christian Island and Truelove
. v Lowland L ST . - , o
} . | 2 U v, | . | ‘2 V
CSITE . ¢ TOTALLIVE  TOTAL % LIVE BELOWGROUND '«
Lo S TO DEAD : BELON(:ROUND TO ABOVEGROUND IS
T e . ABOVEGROUND T PRI
King Christian S . A - oo
Island 1 0..1:1,83 o 1:0.49 1:0.35 4
‘ (GrammomsBarrens) o Co )
. King Christian o R _ SR .
- Island 2 1:2.20 _ 1:0.35 - . 1:0.26 '
, (Crytpogam—Gram o1d) _ T e L AR
CTruelovel ) 1:0:96 - 1:0.52 1039 -
(Moss-Cushion . . "t S
Plant-Grass) T SR T . R
Jreelove 2 1:0.28- 0 L:0.50 T 1:0.43 0 .
" (Willow-Cushion &, - S . -
_ Plant-Moss) L ‘ : '
.  - — ;? » ' . . \bi
. *Based on, samp]es taken August 5 to 8 1979 ' v
’ \3 ¢ B - (Q z )
. - ﬂ(‘ Iy ' o /
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s fu*TABLE 24 N, L1ve Dead rat1os foﬁ gram1no1d spec1es at Klng Christian

Lo Island and Truelove Lowland. Values for this study are

means of s1tes 1 and 2 for respect1ve ]oca¢1ons.
3 , Far

. . w
[ S

. ; Qﬁ

g?- T — T
' fl{mean s1te (meanssite
1 & 2) ;1 &2) .

' S Qe ot . T
SPECIES - ‘Alopecurus ~ Alopecurus  Luzula -~ Carex
.~ alpinus '’ alpinu§ - . confusa .  stans

: LOCATION_ ,‘. KCJ ‘a‘ '1Tr0eiove' o KCI - ° S'" Truelove

Ly
s

HABITAT - Semr-desert Earth 3 :‘"Sem1 desert Sedge‘Meagow_

e e . Humiocks , -
.‘1'5'_'

: Ice-centre '_‘ ',}',‘" o _

S R polygons- . . S

AUTHOR -~ = This study This study  Addison . ~ - Muc (1977)
T SR S (1977) oL

_PEﬁcENT'BIOMAsSvf T

’ ABOVEGROUND v

% Live ;.;’5; B4 . 5560 B8 S 30.2

iDead ' v 73.6 . 464 042 69.8.

© Live: Deaq o128 "1:0.8 1:16.2 - 1:233

P

 -: % Dead :;'7' 667 . 384 T 492

%Dead 638 - 3,1 . 463"
Live:Dead . -~  L:1.8% .-  1:0,6 S 1:0.86

IOTAL L

¥ Lqpe B3 a6 T s

“Livesbpad 2.0 106 — o 10497

¥

+ 178

K BELONGROUND o f\\\l R T S R RS

o z Live ~~ ° 3.2 . 689 . . 537
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SN TABLE 25, E Vectical'distributjon of root ngﬁﬁ3ﬁ§:crop§(g‘h’2)vof'

Alopecurus alpinus “at intensive study sites. L
: : : L . v . v,

’ .t . . . oL \ ’:\.
+ RS . VY
- - z . L . )

P \\

. SITE

~

L () S — ‘ .
> T . R o

‘Séidi '1@»15; | 15;20;‘f 'Total; RN

Lo

KGI SITE 1~
s }Lfve
¢ . Dead -
o .  Live + Dead -

% of Total . -

~
*

6

KD SITE?
_: _‘)ﬁwe
70 W:Deaq. .
" {Live -+ Dead
_ % of Total

T Live.

. Dead .
" Live + Dead ™
;\“ﬁ,of‘Total

AY

L

B
b TR

. - TRUELOVE ‘SITE 1

4,86
el g
e

éf -f-_.‘ h Lo . -§ ' ; - :ﬂ‘
fi(‘ L
© 5,56

e

S :x' . A === »_ 7s86 )
10.42, fie ©116.22

2
2
4,
6

B 1 .
Y N . B 2.

T TRUELOVE SITE 20

- Lives
 "Déad}T
"uLive '#-Dead

1 vt 5 [

T
™
o

- % of Total

T
AN
e

N oy
L] L .
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' - o ¢ | ' N 2 ' . ‘4,')’ Vs ?
" locations in-Table 26, . - - . LT
o~ ‘ ." “' ' o :".1- ¢ " o ;6 .-" -< / \ ’.’
; Wt : e v T, - R 3?;, 3.)7.:;
Comparing growth of sem1-desert and tundra populat1ons !OQecuru

°

7'has taller cuIms, longer and narrower leaves, h1gher f\owertng s é
",1ntenstt1es a greater allocat1on to aboveground parts and a. greater ir* L

'gllve pr0port10n of stand1ng crop at True]ove Lowland.‘ Bel] and Bliss
' b

_ (1978) nonc]ude that the great reductlon in root growth and b1omass 1n i;}f*_'\

se ]

‘-the sem1 desert reglons»of the northwestern arct1c 1slands suggests

_that the édaph1c env1rnnment here xs more severe tnan that abovegrouna j;fi e

:.1n relation to plant growth At both study locatwons A]OQeCuru if:‘i};?
”'QFONth appears tO be greatly 1nf1uenced byuso11 cond1t1ons however thed B
f';manner in wh1ch both popu]attons reSpond tomémprovements 1n thelr ‘1-1i
zsprespect1ve edaph1c enVIronments appears to be 1nf1uenced by c11mat1c 'xxj-ff«;i
;cond1tfons. o 'f‘;'tfﬂ thVZK_EAf;.dﬁ;f' ' Lt .."“ o
. : ; j!;rf{*;gﬁegiﬂiu:»iélyr _hf‘- o rfjf‘tfﬂ i ‘_hff{; .
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TABLE 26.  Comparison of vertical distribution (percent) of root
standing crop (live + dead) of graminoid species at King
Christian Island and Truelove Lowland.

\

SPECIES ALOPECURUS ALOPECURUS LUZULA — CAREX™"
ALPINUS ALPINUS  .CONFUSA . STANS -
Location XClI ; True]ove‘ KCI Tryelove
Habitat ,_Semi—desert,Earth, - Semi-desert Hummocky
' - Hummocks , Sedge
" Ice-centte - . - Meadow
Polygons ‘ U VN .
~ Author This This Addison Muc
- Study Study 1977 1971 2
DEPTH tcm | e ‘ »
0-5 C64.2°  62.4 79.7%* 5, 1Rk )
: . 4
5-10 " 247 27.4 16,07 - 31.5
10-15 T 95 10,2, 4.3 . 28.2
15-20 v 1.6 - -- - 21.4
20-25, N - - Tae 13.8
4 ’ ‘,4 ' - .
ToTAL . 10d 100 w0 100 .

* Va]uesyreported for total root biomass for hummbtky sedge-moss
~ tundra, howeversmonocotsAachunt for 96% of total belowground
\ biamass and C. stans accounts for 0%+ of monocot cover..

ok Inclﬂde§,roots in moss layer (ca. ;‘gbideep).

***  Depth 0-5 cm in moss, 5516 cm first soil infqrval.

£,
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. RECIPROCAL TRANSPLANTS .~

-
)

INTRODUCTION T RSP C
N . l’. .‘ | . . "‘~ ‘j\“ .- r R -

. S, A SR i . "
.Alopecurus alpinus occurs over’a broad geograph1c area‘on three

_continents (see Chapter-lf) Even wﬁth1n the North Amerlcan Arct1c,

1opecuru exhnb1ts varied growth forms 1arge1y in response to
edaph1c, and to some extent climati¢ cond1t1ons QPors11d 1&39 1955;

Po}unih 1948); A w1de d1str1but10n and var1ab1e growth ferms o

v(phenotypic‘plast1c1ty) SUQgest the’ poss1b111ty that var1ab111ty may

b genet1ca11y f1xed (ecotyp1c var1at1on) , *“4_ . 3 _{
o ‘According to Stebbins (1950) the first step in the ana]ysis of
phenotyp1c,p1ast1c1ty or ecotyp1c variation 1s to conduct transplant

- v

exper1ments by which the effects of env1ronmenta1 d1fferences are

v

neutra]1zed, Early experiments of this kind were conducted by
Turesson'(1922, 1925), Gregor et al (1936) and Clausen et al. (1940).

Mitchell and ‘McKendrick (1975) conducted transp1ant stud1es on

‘. populations of six grass species, v1nc1ud1ng A]opecurus alpinus from
lTow arctic, alpine and boreal 1ocat10ns. |

U

The obJectlve of th1s sect1on was to compare growth and b1omass
.

character1st1cs of Alopecuru transplants frmn ‘the two study locations
to determine whether ]opecuru exh1b1ts phenotypic - p]ast1c1ty or

ecotypic variation under contrasting environmental cond1t1ons. e

D

e - (ﬁ,
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METHODS AND MATERIALS AT

Twenty §o11 cores (§8 cnz x 1% cm) conta1n1ng p]ants~were T
;_extracted from.s1te 1 at each study 1ocat1on in late Jdne and‘ean1y

s

July 1978. “Ten cores were taken for repiant1ng in the transp1ant ' .‘

garden at that location and ten - cores were taken for plaﬂt1hg on the

et BN . -

other 1s]and Root systems and rh1zomes were»carefu]ly rem0ved:from

~ ] *

soil cores. Data were co]lected on the numbér of shoots, f]owers and .

~ \Q‘ <' : [

rhizomes and on max1mum shoot height and root }ength from the plants o

e
fran each core. P]ants were then planted in 10 cm pots u51ng soil

.

t

from the’ 1ocat1on of the transp]ant garden. Pots were‘1mbedﬁed 1nto

the soil so that the top of each pot was flush w1th thé so1Y surface..

-

Pots at both transplant gardens were watered_every 2 to 3 d fof two

-weeks -after ipstallation. . ] o “in
f. T ‘ ~ vt

A Pots were removed.from the Truelove gardeq August 5 anolfrom the &

'King Christian.Island garden on August 8, 1979 For each pot data

-

were taken on number .of 11ve shoots, number of fTower1ng Culms nqmoer
. qf rh1zomes, max1nnm shoot'he1ght and mak1mum roqt,Length. P]ant
haterial was separated into shoots, rhizomes an&‘roots; oven,dried”i"
- (80°%) and weighed. ' r, _ _ e Lt

- “t . ~

Vi . L o - T
. -~ ‘ ”

. X N ) ~

~Transplant growth and biomass-data were ana]ysed using s1m11ar

tests to those used on growth fonm,gsta in Chapter VII. »

E I \

' : R .
: r
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- except for King Chr1st1an IsTand transp]ants atathe Truelove gardent

N4 ¢

-4

transp]ants between 1978 and 1979 [Of the trends 1nd1cateds

ey

d1fferences were s1gn1f1cant for only some of the entr1es.<4The mean‘

v Bl

number of flower1ng cu]ms decreased’s1gn1f1cant1y for a]l treatments'

&

At the beg1nn1ng of the exper1ment “this entry had a s1gn1f1cant1y

AN

lower number’ of culms than- other treatments (Tab]e 27) so that S

decreases in f]ower1ng cu]ms were not ‘as great Mean max1mum shoot

hexght decreased s1gnff1cant1y in True]ove entraes at, the K1ng

Chr1st;an island garden whereas the“k1ng Chr1st1an jsland entr1es at -~
‘v t

the Truelove garden showed a, s1gn1f1cant\fncrease immean max1mum root

]‘_ength‘u R . » "t | . e "

At the end of 1978, True1ove_p1ants had s1gn1f1cant1y ( { o5f' v
greater mean, max1mum shdot. he1ght than K1ng Chr15t1an Is]and p]ants at,
the - K1ng Chr1st1an Island garden andt51gn;f1tant1y (p‘;_job) more .. ///
f]ower1ng cu]ms than K1ng Chr1st1an Islahd p]ants at the Truelbve //

Lowland garden (Tab]e 28) By August 1979 however, no s1gn1f1cant

¥ -l “ -

dtfferences‘were found betweén theltwo populat1ons for these two P

RN (e -
- O S . ~ S
o . . : v e

var1ab1es. “,f‘° I )"*a“f.'i‘: PR T

o . 4, M S s . - e ) -

;" \In 1979 57 no sign1f1cant d1fferences in- growth character1st1cs were

s\t whooN
.

. eV1dent between A]ogecurus populat1ons at the Kinhg Chr1st1an Island

T

garden.r At the Truelove Lowland garden _mean max1mum root. 1ength was .

sjgnificant]yf(p’< 05) greater “for K1ng Chr15t1an Is]and p]ants than

o e . AN . TN o iad

N " M (” o )
- . ¢ . 184
'RESULTS AND DISCUSSION e Lo *
Figure 39 shows #he d1fferences in growth of rec1proea1 S

A
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s S
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’ maximum -culm height and maximum root
length of Alopecurys alpinus in '
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Stk -+~ of significance are NS = not .
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TAB}E 27. ‘Levels of s1gn1f1cance for d1ff;¥ences in Alogecuru growtn
SRR mtasurements in. transplant experfTent » v -

4

. = v L}
v - e B . . A . 4
S o e C e
. . .

o - - : Obsérved S1gn1f1cant D1fference
- 4 Var1ab1e ke

- ; Number . +,1978 ¢ - " 1979 - oY
‘; ' ro 5} “f . ',\ ". l : Iy '. > T -
\comeartson OF TWO. ~ _ - A T , ST
POPULATIONS AT SAME GARDEN S SR
" UGARDEN . tRLANT ORIGIN® .~ T
N . T Jw B NS ST , NS .

PRV

-

1 , .

0 : T2 . NS T AN
KL Kert, 03T NS LT NS
. : . 4
5

Tﬁue]ové) «Truelove*: N5 L

SR NS TS o
| R 1 NS NS
e T e 2, ~Truelove* NS
Truefove . KCI v 2 30 NS ¢ i NS
S 4 .

)

PYE .

PN Truelove
.- LN s .

N N 1)) ¢

CcOWARISON OF s . - ¢ T s |
POPULATIONS AT_TWO GARDENS . R N G

PLANT ORIGIN' GARDEN L =T

S S ' NS R
A L NS NS - .
3 NS .7 NS ..
4

5

- A~

- N

Truelove NS NS

. | o NS NS

B, VR . < ot b

] 1 ONST Truelove** ,
T S 2 < N5 NS 0w
) KCI N - }(CI BN gl 3" “ » NS - o NS
AR - “Truelove 4+ NS N
. S s s N

‘. "
-~ s . o a e !
. :

NS « N

X . —

1 »

SIGNIFICANCE*LEVEL ,i Lo VARIABLES_,-faf«/’*r’””/fj - S
IR G I

NS NOT SLGNIEICANT . 1%-NUMBER OF SHOOFS .~ ‘

* . p<0.05 . & 2-“NUMBER OF FLOWERS * o

**. P <00l - 4. T3 NUMBER OF RHIZOMES . ¢ o+

S Pec 0,001 - ’g “MEAN  MAX IMUM QOT HEIGHT =~ . =

Lo % 45 MEAN MAXIMUM ROOT LENGTH Lo N $;~L
: i .1// i ’ A /" A . : ’ 2 bf- ' Nl\‘ N ./' .‘ .‘
- ’ \ , : T T O g ;-
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TABLE 28. Biomass allocation, and,beioﬂéﬁdund to aboveground ratios;.73f~
U ‘ “of Alopecurus alpinus, in reciprocal transplant gardens at
ST King Christian Island and Truélove Lowland (Mean * S.E.)..
' « _Harvested August 1979. - . % : R

GARDEN, LOCATION — KING CRRISTIAN ISLAND , TRUELOVE LOWLAND - -

PLANT ORIGIN ©  K.C.I.” "  TRUELOVE . K.€.I.  TRUELOVE - -
. MEAN BIOMASS RO L
(g per pot). : R s SR

- Shoots 0.22 + ,008  0.16.+ 028 0.23 £ .028" 0409 + .011.

' Rhizomes  0.04 * 010  0.04 * .0l 0.05

“

Q17 0.03 + ;007

4+

b+

N

Roots . 0.07 013 0,04 + .008 0.10

4

. Total 0.3 + .036 " 0.24 +7:036 0,38 ¥ J043 0,17+ .020

"ALLOCATION ~ - S T
(% of Biomass) = ° . T

Cshoots.” . - 67 . ., 6.t el 53
* Roots. Bt I [t S I

Rhizomes = 21 . 165 . . 26. 29

CBELOWGROUND: - ' o . .t B
. ABOVEGRUUND - 1:2.0 ° 1 1:2.0  1:6s. |, Lkl

- . . - A
S 4

o120 005 E 007
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for- Tnue1ove p]ants at the TrueloVe Low]and gardens. K1ng Chr1st1an -

/’\ e ¥

IsTand plahts showed no §hgn1f1cant d1fferences at the two transp]ant

3 o

gardens. Tru loye Low]and entr es exh1b ted a Si n1f1eant}y (p »< UI)
Q_ 14 '\ 1 g

lgwer mean shoot number at the K1ng\thr1§toan Is]and garden than,at
.\xx\‘\I /\J

AN . \ o )
the Truelove Lowland.garden. These results~suggest that env1ronmenta1
5 cond1t1ons at True]ove Low]and promote shoot deve]opment wh11e those “7

- N

} at K1ng‘Chr1st1an Island appear to 1mpede root growth Th1s supports

\
e

e

[
- a

the‘v1ew ‘of Bell and Bllss (1978) that the edaph1c env1ronment at K1ng

Chr1st1an Island‘may:be mone*host11é for p]ant growth than that

aboveground - - : = .
- : * . . - b
’ W

., At both tranSplant gardens Klng Chr1st1an Island plants—had a

greater tota] b1omass ‘than 1fuelove Lowland p]ants (Table 28)

.z ‘ o, o ” . Iy . - ) \_,',"

e A

v B16mass was s1gn1fﬁcant1y (p < 01) greater for K1ng Chr1st1an 1sland 'nf

entr1es than for TrpeTove entr1es at the Truelove garden (Table 29)

No sqgnﬁf1cant d1ffenences ex1sted between these,popu]atfons at the

K1ng Chr1st1an Is1and garden nor did K1ng_Christ1an Is]and or Trueleve T

A opecuris have s1gn1f1cant1y d1fferent bromass at one: transplant ;f

Chr1st1an Is]and garden than at the Truelove Low1and garden (Table

[

'2~) True]ove towland plants al]ocated a. greater port1on of total

B

b1omass to shoots at the K1ng Cbr1st1an garden desp1te a greater mean

RAN Ty

number of shoots for.th1s same populatfon at the True]ove Lowland :.

\.'

garden. True]ove-plants at ‘the True]ove garden exh1b1ted theu]owest

%

garden Cqmpared to the other. . "_“ R ‘z," o f,;'f N
s »d_ Both Ktng‘Chr1st1an Island'and True]ove tranSplants aJlocated a o
greater percentage of blomass to aboveground portlons at the K1ng L ; a
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- "EABLE 29 Levels of s1gn1f1canCe for d1fferences in A]ogecuru
- _biomass in transplant- expgriment.
;', , . '-;. s '/ - ' v ! '| o ‘L\ . .
B B OBSERVED SIGNIFICANT DIFFERENCE -
;. - } . Y L - > Y B . i
" COMPARISON OF TWO - POPULATIONS . | ‘
AT _SAME GARDEN - B  BIOMASS - °
C T GARDEN. . "« PLANT ORIGIN  ROOT. SHOOT "~ TOTAL
' ’ f’ / N \v i N m T ’ E . \-
ConwoteyeKCI o 0 KeD NS NS . NS&a .
S T "TRUELOVE . o AR

-, TRUELOVE - KCI S kel KD, KeD -

"« TRUELOVE B o *x

COMPARISON OF SAME ' o S o
' o POPULATIONS AT. TNO GARDENS s 4 o

- o PLANT ORIGLN& ,  GARDEN - BT :
L, ke ok © NS NS NS

T TRUELOVE | kCI. NS NS N T
-7 U TRUELOVE | L -

;/\.~

. - SIGNFFICANCE LEVEL -~ .~ . -~ . >*v. o= =
o NS+ NOT SIGNIFICANT\-,' Ce T e e
.o E P05 ST e T e

B ‘ . R . - g
‘ T T ’A‘*** p. (0.001 - o |
/ P ; ! \ :
! o : T ' ¢
',/. " o 6.



a]}ocatfon to shoots but highest allocation totrhizomes. Had th1s
‘, exper1ment run an add1t1ona1 year these rh1zdmes may have given rise
/

tb suff1c1ent shoot b1bmass to make allocation trends s1m11ar to other

/transp]ant treatments o ;' A ;,; - L
\ ‘ L N - '...‘ . | ‘: . \\\‘ ? } P L s . | |
. : 7 . - . -~ ) - .\ ‘\ . ‘
™ Stud1es out11ned 1n Chapter 7 1ndJcated that logecuru fat K1ng
Chr1st1an Islandfexh1b1tegtgreater b1anass per p]ant and more raphd« .
] root e10ngat1on/dur1ng 1979 than True?ove Low]and plants‘ Greater’ K
B ~ ) /

'*f b1omass per un1t area at the Truelove Lomland 1ntens1ve 51tes results

~ v,

from greater cover ‘and shoot dens1t1es at this Tocatfon. Sh00t\ o

dehs1t1es‘for transp1ant treatments were “not s1gn\f1cant+y 61fferent s
-~ \V / i

RS

P and this wou]d 1ead to greatEr b1omass id K1ng Chr1st1an\Is1and - ("

-~ 1 N -

ij_ entr1es. Summer temperatures in 1979 were 1ower At True]ove\Lowland

' than reported for th1s locat10n over 7 yr of’study, wh11e temperatures

AN \.,.\

at K1ng Christ1an Is]and were unusually\h19b, The above factors may

. account for dffferences 1n b1omass and a]iocatlon patternSfof

- Vi ) -
W . - AN . - . SN = <M
. .

i ] transpTant entr1es. R ﬂ L :‘ Lo g .
. ’ € K ;//‘ AN . ’1. "- ‘ N\ : E o \“ . ', \,\ ‘A —_ L . _ . . | ‘

. -‘]‘,»~ . s \ -/‘ B . ; ) -\L' LN ] - . '\ ) : § . ~A',”‘, {, j\ . "

A better general performance at'both transplant gardens,by Rt

lopecuru from K\ng Chr1st1an Island, suggests that A]ogecuru has -
characterrst1cs that are we]l su1ted to growth in. harsh po1ar .

sem1 desert €| vwronments. M1tche11 and MtKendr1ck @1975) found that

i |

, an arct1c popu atlon of A1opecuru from Prudhoe Bay produced more t0p

growth in an rctfc tran5p1ant garden than at a boreal garden. They
a]so reported greater leaf w1dths at the arct1c garden than at the

Qoreal gar en. Leaf w1dths were not dompared in. th1s study. However

Y-

undlsturbed A]opecuru on K1ng Chr1st1an Is]and often has w1der 1eaves
‘ .} . 7 ) " -

-



"

LIrueloVe Lowlarid (Chapter VII)

o A decrease,from\1978 to 1979 in the number of shoots and f]ower1ng

l

'cUTms and 1n maxlmumvshoot he1ght in both K1ng Chr1st1an Island “and ¢

-,

[ N . =
Yruelove populat1ons ‘as compariﬁito increases in re]ated 1 ~f”
4

¢

o ( L McKendr1ck (I975) suggests that»ATercuru in th1s study d1d not

-}

~ v,transplantatreatments.:-~~

recoVer qu1ckly from the dlsturbance caused by transplantat1on.: In

v\the A\aska study 1ogecuru exper1enced higher a1r and 5011

[ . [
) temperatures, a 1onger growlng season, the add1t1on of: an NPK c
P \ 4:\\_: o~

+ u._

-
4 per1od for growth(and phenolog1ca1 deve]opment under cond1t1ons of‘

h1gher resource ava11ab111ty. In this study, the popu]at1ons that

Wexh1b1ted the poorest performance in shoot growth‘also had the
AN / . .
greatest 1ncrease 1n the number of rh1zomes. leen a longer recovery

LI
ttme these rh1zomes may ‘have resulted 1n greater shoot growth and 1ess

I
\of ‘a d1fference 1n aboveground»dry matter and shoot numbers between

T o P oL
_ . . . R T

M1tche11 and McKendr1ck (1975) tested'the effect of'climatic"

'

dlfferences on the growth of Alopecurus “b1otypes whereas thlS study

T

X t
- i

tested the comb1ned effects of c11mate and soil. A]opecuru in. the

i
A1a§ka study was p]anted in a m1ca peat m1x w1th fert111zer
supplements.f In th1s study, 1opecuru was grown 1n the nat1ve so11
v
of the transp]ant garden 51te w1th no added nutr1ents. So1ls at both
. : . [ )“ “ .

CoA

charactér1st1cs of A]opecurgswafter one year reported by Mltchell and ‘;

fent111zer and water through the ent1re grow1ng §eason. ,Th1s may have -

‘ contr1buted to shorter recovery t1me after d1sturbance and a longer‘

™ R
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SiteQNWene Tow in N and P (Chgpter V). Poor growth of Truelove .

i : Alopecuru at the K1qg Chrlst1an Is]and garden may have been due to a
S R . T
. much 1owér pH 1n the 1ntroduced 5011 (4 >3) as compared to the so1l
o @ﬁ'v - v
from wh1ch th1s populat1ongorng1nated T7. 3) Chapter Vie - R !
° . -} ".‘ s.‘-".’ N \" = wy o \:_ <
" y, -~ Ay

Y ’ : ’ . < e

-
. . oy N
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~

The re]ationship between the restﬁ?c%iobs that arct1c env1ronments 5:”
, !

'S L -'\. NP L U
: Y

1mpose on’ plant growth and the range of genet k 'ar1ab1P1ty (ecotyplc‘
= e r e '

«
2

‘var1at1on) and p]ast1c1ty that are requ1red to\c0pe w1th these | -
- . ’

| restr1ct1ons, are. not well def1ned (M1tchel1 and Mckéndrxcg_i&?S)
Some studjes propose a genetic un1form1ty for members of fhe arct1c 4; j“jﬁifg

a’\’-n b s

‘flora (Mosqu1n 1966, Sav1le 1972) wh11e others conclude that, a]] o "?g;

r-spec1esﬁexh1b1t some varvab111ty (Bocher 1963) | ’:f :f;g;' B R

e - S e

6" E N -

sting transplantf§EUdies Bradshaw (1959) found that d1fferences
| .

£

I N
[

o Te v in, response of artemperate grass to 1oca1 envwronments cou]d occur 1n

R hab1tats very short*d15tances apart Eneronmental condit1ons in the

+

AFCth are thought to limit’ d1ffErent1at1on 1n favour of the main—ply

r

“ tenance bf successful genotypes 6M1tchéJl and McKendrick 1975) Th1§ 4
f{w study and that of M1tche11 and McKendrlck (1975%)1ndtcated that ' %ar,d.'v
R popu]atyqns of A10pe;urus alpwnus can exh1b1t great var1ab1]ity' LAyt u“f'

‘ < 4 oL

o Although ecdtyp1c d1fferent1atﬁon could not be determ1ned dZe tof"“

Tl

'Wi"“ };J, 1nsuff1c1ent g%me for th&nsplants to respond to d1fferent arctic'¢3 : %-ﬂ;

env1ronments Alogecuru appearsfto be a plastlc spgcies. Early v1ews T
R v“‘.‘» . Sl

on. plast1c1ty 1n Spec1es reTated a laCk of stpb1l1ty to a lack of
adaptatlon. It however seems plausrble that under many c1rcumstances,
T ‘;~p1ast1c?ty, or the lack of stab1l1ty can be of pos1tive adapt1ve vaLue . 7”§;f

: (Bradshaw 1965) and, th1s would appear to be espeéia]]y true o, a ﬁarsh s
. N ! T o a & E

e oo ST T . o ) ‘ _«:-ﬂ..-"‘"‘:‘-,‘ N ¥
. E’vi"- _’ c O - .
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_INTRODUCTION .

I/'

CHAPTER IX

_ NITRQGEN AND PHOSPHORUS -LIMITATIONS TO PLANT GROWTH

et

vvvvv

_ Phosphorus and n1trogen are the e]ements geherally requ1red in .

;X

greatest quant1t1es by plants yet.. arg’ among the least ava11able (Babb

<7

s

- and wh1tfﬂg1d 1977). Ear]x repq(ts ofynntr1ent -limitations of p]anf"

- SoE : o~ hY
growth in arctic regions were based largely on indirect evidence

-

‘(Russell 1940 Warren N1lson 1957) Recently, numerous -in - S1tu

¥ ar hid

fert1]1zer studves have shown that thsphorus and n1trogen limit the:

“growth of arctic- plants (Haag 1974 Chap1n et a1 1975, Babb'and

‘Whitfield 1977, McKendmck et a] 1978*13?&‘ and Chapin 1980).

!

o Adaptat1ons of arct1c gram1n01ds and.other vascu]ar species to low

Qnutr1ent ava11ab111ty have been d1scussed by Chap1n (1974 1979,

1’1980}, Chapin and Blobn (1976) and Chapm and Tyron (1982)

A

-

- T -

+ N A
¢, ., - ~e

- 'Dlsturbance of arctic: 50115 appears to increase so11 nutr1ent '

PLY

"_aVa1lab111ty, thereby/1ncrea51ng ‘plant product1v1ty and tissue

'nutrlent content (Gersper and Cha111nor 1975 Cha]11nor and Gersper

.- 1975, Chap1n and Shaver 1981) | The 1mportance of certain arctic

ugram1no1d species 1ncrea5gs cons]de*ably on sites where soil nutrient

“availabikity is increased by enrichment or disturbance (McKendrick et

i

195

T



196
) .
al. 1978, Chapin and Sha\rer 1981). Exhibiting this characteristic,
Alopecurus was termed a nitrophi]ous spectes;by‘Porsild (1964) who
.observed a 1ush growth of this grass'on a variet& of disturbed and
enriehed sites (Porsild 1955ﬂ 1964). Babb and Nhitfie]d‘(1977)
Vhowever suggested that 1ush p]ant growth around enr1ched sites was
commonly, if not a]ways assoc1ated with unusually h1gh phOSphorus

ava11ab111ty and they proposed ‘that arctic plants that were thought to -,

be ' n1troph1lous vm1ght rather be “ph05phoroph1lous .

N
I L. . A

The purpose of this section was to-(i) compare n1trogen and

. phosphorus ]eve]s of po]ar sem1“ﬁesert and tundra popu]at1ons of ~

Alopecurus alpinus on -natural, d1sturbed‘and enr1ched s1tes, and (2)

1

to compare the response of A]opecurus to nitrogen“and phosphorus
! - - ) t Y R ~

fertilization at semi-desert and' tundra. locations.
. -."- . , ]

CMETHODS R

4 . n
\ . s

LN * ‘

A]opecurus was co]]ected at maJor study s1tes and in a variety of

natura] d1sturbed and enr1ched sites. Immed1ately after colleft1on

t

plant tissue was dr1ed at 60 °C for 24 h Ana]yses of total n1trogen

and phosphorus were conducted by the Soil and Feed Testing Laboratory,

P

Alberta Department of Agrlcu]ture, Edmonton. Methods are described in
Appendix II. . - e S \ .

s - - . » . . > 5
- “ R S i . \;
t : , K] A Lot
’

EOEN . - ‘ . N

Fertilizer plots‘were established in late July 1978 at’ both study

locations. Treatments consisted of unfertilized controls and 60 and
180 kg'.ha_l of N (granulated ammonium .nitrate), P (granulated Super- =

i



-

phosphate) and egual-mixtures of N'and P fertiiizer tota]Ting the samef

.h -

1ntens1t1es. At K1ng Chr1st1an Is]and, s1ngle 2 x73'm plots wereeused

l—-\

e ST for each treatment at “each application. rate on bOth site 1 and 2 A

g .2 m buffer zone was left between plots (Babb and wh1tf1e1d 1977) on .
T | True]ove Low]and major study s1tes were not ]arge enough to SUPPO"tf

1

Do \_fert111zer plots. Dup]1cate 1 m2 p]ots were, éstab11shed on veh1c]e - if.

: - t#acks through sedge tundra {Fig..4) where 1ogecuru was present

0n1y the 60 kg ha -1 fertrilzer app11cat1on rate was: used at True]ove
;> Lowland. - . | | r‘> ' ,'f. .
| o o} P ' ) I

-

Percent cover of vascu]ar‘soecies, mosses, lichens»and baré soil \
= was- estimated for entire p]ots 0, 1, 2 and 4 yr after fert1]1zatlon T

In 1979 phenologlcal observat1ons s1m11ar to those descrfbed for
natura]*p]ants (Chapter VII) were made per1od1ca]1y on 1Q tagged '

v! /

Alopecurus p]ants for each fert1112er {reatment. Inf]orescence

dens1ty of A]ogecuru was measured late in the grow1ng season 0, 13 % 3 S

.and 4 yr after fert111;at1on ~and was determ1ned per1od1cally through ) ;f
_ ‘the 1979 season at both ]ocations. In 4979, changes 1n shoot dens1tv K\
3 at both K1ng Chr1st1an Island s1tes were observed through the groz1ng - ;;f
o season. Aboveground b1omass of AJogecuru wasfest1mated for/ A
fertilizer” treatments us1ng 1 m2 and-0.1" m harvests 2 and 4 yd
;‘ - respect1vely after‘fert111zat1on. Total n1trogen and phosphorus ?
o analyses were: conducted on shoot ,tissue harvested from fert111zer

_\.‘ VAN

" plots in 1980, ‘ Y LY
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(Tab]e 8) n1trogen and” phosphorus content\of 11ve shoots and rh1gomes

"s'. \ » ] ® ; : - -~
N - Ry ' "‘_ - = \ ,‘ £ A
‘\\ o v ‘\ K . , = ” ) g . .
. ' RESULTS™AND DISCUSSION =~ = o' - 2 == . D ot
N 1 - : T N . ’
Field Tisswe~Concentrations . -~ . .- = - = = " A
o * ,;. - : e v ‘ N o v : ‘ B ‘ "‘r. ) -'.\“/l‘i' [N
N - . o * : ' ’ . r:‘
P " Despite d1fferences in ava11ab1e n1trogen phosphorus and [

N " anid- phosphorus content of Tive roots coT]ected 1n*1979 was s1m11ar in ',E

- . N N v
. N

logecuru fran both study 1ocat1ons (Tab]e 30); vThe Truelove Lowiand -

p]ants t had h1gher Tlvevroot tota] nvtrogen 1evels and genera11y had N

-

. h1gher N and P content 1n all dead t1ssue than d1d p1ants from K1mg Q

o

Chr1st1an Is]and A]ogecunu at Truelove s1te Z showed re]at1ve]y .f,"

'—" h1gh concentrat1ons of N and P 1n be]owground t1ssues (dead and 11ve)

L 4 +

N1trogen and P concentrat1nns 1n 11ve Alogecuru shoots'from K1ng

Chrast1an Is]and are- as. h1gh or h]gher than for True]ove 1ogecuru .

\t "
(SR . - o . v . -

- . i
e v ‘

v . .,z — s -

3
o
)

1ogecuru showed rap1d phenolog1ca1 deve]opment at True]ove site”

M t oy -
AY e *

~

R ‘2 A]th0ugh shoot N and p- leVeis were o h1gher than for K1ng .

\k’\‘ ‘

';Chr1st1an Is]and A]ogecurus, belowground t1ssue at True]ove site. 2 had

Px S the h1ghest leve*s of N« and P L With rapnd pheno]og1ca1 development

' translocatlon of N and P to roots and rh1zomes at Trueloye site 2

' appeared to occur by the t1me these sampies were taken. Although 1979'

-
A \ $

was a part1cu1ar1y cool summer at Truelove Lowlandaand K1ng Chr1st1an‘

&) FA

Is]and had rela&1ve1y high temperatures, the, 1979 gfﬁw1ng season was -
longer at True]ove Low]and H1gh n1trogen and phosphorusr" ;’ C

‘concentrat1ons 1n¥ logecurug Teots after a per1gd of downward
‘\ I e > 3 PR .
trans1ocat1on.of these nutr1ents from shoot t1ssue,\supports the -

~N > —-iy . . P f ,' “ N ) -
~ ‘.:‘ > - o ¥ T -4.9“ " S R o
. N . z ’ i
: . L7 LT
’ . . ! D <o v s P i

v

,
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. | TABLE 30., N1trogen and phosphorus contqnt of l1ve and Uead p]ant

‘componen@s of Alopecurus alpinus-at K1ng Chr1st1an Island
and Truelove intensive, sites- (analyses of compos1te ‘

BV

v .,samp1es) Co]lections madé in 1979.. . ‘
- : : { i
v LocAFION kel © Kci ' TRUELOVE | TRUELOVE
SITE. 1 2 .1 2
'COLLECTION | e c .
DATE - July 26 July 26 ~ - August 5 August 5
2 \ N PE NE PE N PR Nk, P
{ & . Iy H
TISSUE : | A L
SHOOTS leé 3.46° 0,50 3.41 0.47 2.88 0.31 3.41 8.45
- :DEAD . 0.88 ol09, 0.94 0.10 1.15. 0.07.1.30 ‘;6}10
- . . : . ' ) . . \ ! T / T . g .
RHIZOMES LIVE O L.s7 0,20 1.28 0.15 180 0.13 1.71 022
DEAD 110 0.09 1,10 0.10 1,41 0.7 1.50 0.13
. ROOTS.,  LIVE 0.9 0.2 1.02 0.4 1.3 0.09 1.52 0.14
' ¢ o ' N ) ] \, . N S C. - ., o
. DEAD ' 70.93 0,10 081 0.09 1.15 .0.07 1.12,, 0.10
.. B A s r L . ‘ | ?\ o ’ ! R .
“ . \
1 * A -
> . ¢ .
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~”7 Amportant storage organs. Greater n1trogen and phosphorus

»
X

i w
N N .

LRI N

o ' R
' hypothesis'of Bell. and Bliss (l978) that Alogecurus roots may be s

~ N 3

"w* concéntrat1ons,1n dead t1ssue at Truelove Lowland cannot be attr1buted

A\.

to greater 1each1ng at K1ng Chr1st1an Island than at. Truelove Lowland

Vs

~

In 1979 when t1ssue Samples were collected preC1p1tat1on was greater

- 4 / v

‘ at Truelove\Lowland than at King Chr1st1an leand (Table,6), R

Y . v . . ~ * . . . N . .
At the time t1ssue samples were collectedtfor analyses dead 2L
\mater1al accounted for 67% of standlng crop at K1ng Chrrst1an Island
. * t

compared w1th 38% at Tﬂuelove Lowland -Decompos1t1on-attKlng B fg

<

-

Chr1st1an Island 51tes must be con51dered to be low s1nce these s1tes

~— v

have*low pH Tow temperatures~and‘lack of an adequate carbon source

IS

for enhanced m1crob10log1cal act1v1ty So1l organ1c matter'ln these

m1peral so:ls was extremely Tow (Table 8) At Truelove Lowland ’

- R P

' AJordan et al (1978p) report relatlvely h1gh m1croblal act1v1ty‘at

-+ N

J"_ Truelove s1te 2. and 'in sedge meadows. Truelove s1te,1 was 1n a S

. > t
X 4/

tran51t1on area adJacent to a sedge meadow. Low proport1ons of dead

| mater1al at Truelove sTtes may’ be due to much hlgher deconp051t1on :

o

rates than at K1ng Chrlst1an Island A lower pr0pdrt1on of dead" f'

X

mater1al of aboveground stand1ng cr0p at Truelove sites may result . tlﬁ»: .

from w1nter grazing by lemm1ngs as. both Truelove s1tes supported fi~ ; 5

-P . 2 ) s

“lemming colonles. s ' ,f - ! " L

A . . o . . - : o\ . , \ . N
. , e .
. ‘ o .
‘. . : o o . -

b

Fa At harrOw;fChapin et al (1975) examlned seasdnal movement of N

> RS [ S B

and P 1n aﬁoveground tlSSU& of several arct1c gram1n01d spet1es. Theyt-

fqund that both tussue N and P concentrat1ons peakéd aboutllu days

+ -

after snowmelt (June 25, 1970) and then decreased exponent1ally,
o e . v A N
R , .. ., b . ,-"\' . N w , o PR ’ L



N A

? tL reach1ng a, mTﬂﬁmum aroung thext1me~of\peah b{omass (August 4, 1976) ﬁti‘iw_'q
= Change 1n n1trogen over th1s.per1od represented,about a 50% decrease, Yo -
N - In be]owéround z1ssue5ﬂ’p1trogen~and phosgggzasftgﬁcgntrat1ons in ;" g s

}f : - gran1no1d 5p5c1es generallyl1ncrease arbund the t1me(of peak _ bhanass . \l

“ b(% | (McKendr1ck et-al, 1b48) €hap1n et al (1975), pbservéd that in Ll v

U Py . | o

‘ ‘ Barrow gram1no1ds “40% of maxamumnabbveground stand1ng stocb of Yo

N

i e

‘

AN

e wauf ' n1trogen and 50% of max1mum stock of phospherS was4translocatéd ‘
. : v Ry N \ N N -7 P
S belowgrbund (or 1eached )>By Kugust 24 (19?0) e e\

ol
. Lo - bt . ‘ s . .
- . . . b ~. - / . ~~__. ) . ) (AR
-~ . S . ) N ) BN v o -

. v v - -’K“‘ ) W‘/ \ ' / '> ’ \ / ‘ ’ AT.' )
S Max?mum nltrogen and\phosphorus content*of lopecurus uas < /.:f;ﬂ '

- ! R IRRNNY ,
o general]y h1gher than max1mun valu\s repOcted for gram1no1d Spec1es at A

. v \ ) ’

' Barrow‘(Table 31) Arct1c plant specxes can ha\e t1ssue\concentrp-. G
. * Yo N o oo

st t1ons of n1trogen and phosphorus that are tw1ce those/of ‘morer . k\f b
temperate species 1Chap1n 1974 Babb @nd Nh)tf]e]d 1977# As\sever1ty, . ~,";;

A}

K of env1ronmenta] cond1t1ons 1ncreases; physwolog1ca1 al]ocat1on of 5e<' o
S S A

| resources favours the: productﬁon of N and P r1ch funqtional compounds j\:f

'\L‘ . '-“.

rather than carbon r1ch structura] compounds (Chapln 1974 Haag 1974) RN

\’ v e

‘ .
PR

T Severe env1ronmenta1 cond1t1ons Tﬂ the H1gh Arct1c ehould then lead ST RGN

R « e

ENEEE .,
N

hfgher nutr1ent concentrat1ons 1n p1ants at these,lat1tudes when. ~‘:” A

<

o F ' )

compared to s1m11ar spep1es from the Low AfCt1Cw § “'}f;.~ e

S co
A PR B N . .
N > ® H S R . SO

v 1 i . I . N . R . X - L
v v [ . Y . y T C : . L IRETEEN . 5
. L.~ ol ) « S, S nt < - - : N \ - i

; : . B N R : ’
~ . ‘- RN R RPATS
L ¥
. ,

‘ Consyder1ng the seasonal changes 1nfgram1noid shoot t1ssue

concentrat1ons of N and P as descrlbed by Chapﬂn et a] (1975) andj

at;f ; MCKendPICk et al (1978), the values for ]opecdrus reportedpf"

¢ v 30 appear very hrgh.. If trends in Alopecuru wer ("m1]ar to th05e ~{15? ,';‘t
ﬁ;" o reported for other arctic gramino1d Yevels of N and P should be ) . )

PSS . -
q . by PN

h1ghest 1n'ear1y Jul Towest in early August. Aloggcurus

>

- » . . . SN . N
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R . TABLE 31, Maxunum nutrient content of- aboveground tissue of arctic
v I grammo'ld species. ' St y . , A
" *\’ ' £ ' '
. SPECIES LOCATION " NUTRIENT . |
h - R .. . CONCENTRATION Y
N~ ,‘ i ~ g T ~
- - y < v < . < o N
/’;‘ i Y ~ N T N% (. P% .
o - Calamaygrostis . g T P .
~ T T holmii T+« - Barrow'- 358 0,37 Chapin, etf‘a]. 1975
— ‘ . ,-' . o N » N . ‘t S \
. Poa arctica . Barrow - i 2-9_7; S 0.28 ~ ‘Chapm et aJ 19757 o
i k"-.j ~ Dupontia fischeri. Barrow . 3.4 027 7o Chapm _t_g_L_ 19750 . ,
o ~ " Carex aquatilis’ Barrow ~'3.11. ': 0.23 Ch_apm L‘LL 1975 |
{ , ‘ Er'IOher‘m . _,’ v 4 : o : . ‘- ~l I i -
- -y --angustifolium.  Barrow” 2.77 7, 0.26 chapin‘ii 1975 o
" N - A . v ) E/ . SN - - )
( *  ° Eriophorum - . 7 o ;o oo
"+ v ¥cheuchzeii . Barrow . 2.62  0.23 - Chapin 4§_t. _1_\1975‘
" - N —~ f N :
! sl 4 » . .. { . - PO //"
_  Alopecurus - ‘ e L _
CL o Tamimest - ker 1 3.46 0,50 This Study , -
. N [ T ; TR IR "
e, Aldpecurus - * A e . R
ST algmusv ST KCTT2 . 3781, 0:47 . This Study
< Alogecur‘u - AT B T
“ . alpinus . 1 -72.88  0.31 ' This Study |
-Alopecurus - - : g R  ”( N | e . )
L Tpuel_bvé 2 _3'.42 - <Qu45; This Study ° \i,
: In ¥ § T -4 o~ - \q. 1 P - )
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Nt

: co]lected in 1ate Ju]y at K1ng Chr1st1an Island and early August at

o

True]ove Lowland had - h1gher shoot N and P concentrat1ons than max1mum :

vaJues for Barrow graminoids co]]ected June 25 Babb and whltf1e1d

L.

(1977) also reported shoot N and P coneentrat1ons for Carex stans (3 6:

and 0.25%° respect1ve1y) collected in ear]y August that were’ hqgher f.L:~f:'f'

~

than or comparable to max1mum values for Barrow gnam1no1ds. ‘IT

">

t1ssue nutr1ent concentrat1ons fo\]owed a s1m1ﬂar course at H1gh

A :
[P

Arct1c s1tes to those at Barrow, n1trogen and phosphorus . “w'_'~\
/k N -~

- concentrat1ons 1n 1ogecurus wouid have been much h1gher in early du]y

S

and such values would represent very hlgh t1ssue concentrat1dns of

-~ - - A

these hutrients. S RO

.'rate of decnease in nutr1ent concengrat1on may ar1se from d1fferences

A v . s R r . .
/ . R . L . e S
. . R H

¢ \

/.

fol]ow a 51m11ar course to that exh1b1ted by Low Arctlc gram1no1ds.

R -

D1fferences gn the time of peak tlssue nutr1ent content and 1n the

in tlme of snowmelt and grow1ng season 1ength or other env1ronmenta1

Seasonal changes of N and P in shoot f1ssues of ATogecuru may not

o

P .
Y » L7

d1fferences between the H1gh and Low Arct1c. D1fferenees»max also-'

result from var1ed genet1c mechanisms between speCIGS on 1oca1 3'}.1i3'

pobu}ations of_the same Species; that,contro1 seasonal.nutr1ent,:

dynamics. © L e S

Voo . . o ‘

- . s .. ‘.." . ,)~ R . . NN )
s Lo R . R
~ »‘ M P .

Shoot concentrations of N and P’1n lpgecurus from both 10cat1ons’

L IR

were higher in 1979 than in other years of this study (Taﬁle 32)

1evels of N and P but this pattern was not cons1stent., S1nce~r

1ur

D1sturbance and enr1chment 1n~some cases contr1buﬁed to h1gher sﬁoot

.)‘,- ' P

L I

~ !

d1sturbed and enr1ched s1tes had cons1derab1y higher p]ant cover than,a

N 4 - VoA . .
A 4 ; LUy S~ _/.

. . d .
P . . 4

17203

R
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f 'TABLE 32.

1
v

- ‘Shoot tlssue'cdhceﬁtrat1ons of nitrogen and bhosphbrus in
1ogecuru from varlous natura]

disturbed and enriched

s1tes.'
- LQCATION/SiTE DATE Nt PR
;‘ ) * A X .'\» - V ':jj : . ‘ - : . — \ \‘ . -
" KING CHRISTIAN TSLAND | y
“site I-(Graminaid Barrens)  August 1, 1978.  2.07 0.23
. ST Yuly 26,4979 . “3.46  0.50
| August 7. 1980 - 2.00  0.29
site 2”(Graminoid Moss) - July 26, 1979 - 341 . - 0.41

«

‘ «

-

g A]oﬁg.A{rstfib‘(Distyrbed)

~ August 2, -1980 . . L
August 6, 1980  2.43 . 0.23

* August 21, 1978 2.47  0.40

Co , August 1, 1980 ~ 1.84 ' 0,24
st h ’ ] . v,
-,,Airstrip (D1sturbed) “CJuly.31, 1980 3,467 .0.29
) TRUELOVE LOMLAND | B |
- " h * .A‘ e
Site 1 jMoss-Cush1oh_ ‘ ' August 6, 1978 . 2.19  0.28
. Plant-Grass) . August 5, 1979 2.88 0.31.
AR . August-7, 1979  2.78 0.24
. - JuTy 19,1980 275 - 0.20
. oSite 2 (u111ow~0ush1on S ‘August 11, 1978~ 2.62 0.35
.+ Plant- Moss) ‘August ‘16, 1978 2,19 0.26
| . Adgust 5. 1979  3.42° - 0.45°
SRR July 19, 1980 2.62  0.31.%
Lo July 27, 1980 2,03 0.27
' “Vehicle Tracks (Thrqughr August 16, 1978 - 2,30~  °0.25
~'Site 1) N . o 3
'»*, Vehicle Tragks (Near - July 26, 1980 ©  3.03 - 0.30
Fertilizer Plots). SR L o
., Thule Camp (Enriched) ~  ~July 20, 1980 2.40*  0.46*
= e . o duiy 20, 1980 2. 27** 0.38%*
Bird Perch (Enriched) July 23,1980 3. 06 0.40%
e . Ju]y 237 1980 2.46%* . 0,48
. . . . . Q . ., N ; » ) .
% RESOLUTE.BAY 1 :
SN~ St - o e .
Graminaid Mos3 July 17, 1980°  2.74 Q.32
Lush Seepage Area i~ " .August 7, 1980  3.17 - - 0.27
: Polar Desert ' - LT '
BN N P ‘ - NPT S )
¥ Analyses for non- f]owenlnglplants I o "

A Analyses for flowéring plants
All Other samples cbnducted on com

noﬁ—fldwer1ng p]ants.‘<6,




regular s1tes (Chap1n and Shaver 1981) lopecuru shoot dens1t1es

-

L,natural s1tes, 1t is- presuned that d1sturbance and nutr1ent enr1chment

resu1ts in a s1gn1f1cant1y h1gher N and P stand1ng crop than on:

,were b1gh ‘in areas of. re]at1ve]y h1gh nutr1ent ava1lab111ty ‘Qn/some’

~ - : L

| enr1ched s1tes cu]m he19ht"1eaf length and tlssué nutrient 1evels of

.Increased nutr1ent ava11ab1l1ty stimulates rap1d vegetat1ve repro- y

U

duct1on 'S0 ‘rather than concentrat1ng nutr1ents in féwer 1nd1v1duals,‘

2A

this spec1es appears to d1str1bute avai]ab]e nutr1ents to more 1nd1- .
~:v1duals.‘ Table 32 1nd3cates that tlssue n1trogen 1evels are h1gher in

" non-flower1ng than in f]ower1ng 1nd1v1duals. This pattern was not

.oons1stent for phokphorus. A]opecuru shoot concehtrat1on of N showed

no pos1t1ve corre]at1on to soil ava11ab]e N or: tota] N at e1ther study L

- ~

locat1on (Tab]e 33) .Tvssue 1evels of P were correlated to so11 P at-

Truelove Lowland (r 0 84), ‘but fiot at Cape Abernethy (r=o. 30)

PR N ~
“y , o PR o : !

-

Alopecurus is‘well adapfed to growthjin nutrient-poor soils.

-Tissue conéentrations of N and P were high:compared to values reported

for other arct1c gramino1dsg logecurU§ exh]b1ted 11tt1e d1fference

in t1ssue nutr1ent concentrat1on between Truelove Low]and s1tes and

env1ronmenta11y harsher King Chr1s€1an Is]and s1tes where edaphic

cond1t1ons were especna]]y severe (e g pH 4. 2 4 5) In a study of .

4

. compet1t1on betweenepasture p]ants~1n re]at1on to soil. chemical

‘characterlst1cs van den Bergh (1969) Found,that at low so11

e

'ffert111ty, Alopecurus pratens1s was favoured over Dacty11s g]omerata

. oA

-at Tow so11 pH L&K\‘ however an equ1l1br1un was reached between these

two Spec1es at h1gher pH (6 2*6 7) Low so11 'pH may have contr1buted

) 1opecuru5'were not 51gn1f1tant1y greater than at regu}ar sites. - )

’
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“TABLE 33, Correlation‘(%) of N'and’P5tissue concentrétidns of

Alopecurus to soil nitrate, ammonium, total nitrogen and = .. '

available phosphorus at Cape” Abernethy and Truelove - -
‘quland. o * R

P .
Vo
N
K3

’

SOIL NUTRIENT  Nitrate  Amngnium - Total N Available P

CPLANT WTRIENT N - N s N P

(r values).

XCT sites v Dy’ 0.09 o<, 0.30 - - -
(n=8) . . ‘ i .4;‘ .— ' —

. - c R IS o
Truelove sites -~ -0.48 -~ 0.05 - J0.44 7 0.84%
’ S e - -~ ' .\, ‘
LN sites. 0.3 £0,06 7 0.7 0.8

. . ~. r . B

o ' T T b 1

B AN s
)

E for soil nitrate athing¢Christ{an\Islaﬁd siﬁes.yeﬁe 0. "

¢ : . .‘?06 ’
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e the daninance'of A]opecuru at King Christian~Island 1ntensive3‘l‘3_*

= ~s1tes. Alogecuru is -an extremely stress tolerant spec1es 1n 50115 LT

hav1ng chemacal propert1es that would exc]ude most other plant

spec1es. In addition to a tolerance of low pH; logecurus is tolerant L,

of sal1ne 50115 and 1s able to concentrate chrom1um and manganese

A

released from dr1l]1ng f1u1ds around arctlc 011 and -gas we]f91tes‘

.A (Sm1th and James 1969) Desp1te a 1ow canpet1t1ve~ab111ty that may
resu]t in the exc1u51on of Alopgcuru fron most und1sturbed tundra
commun1t1es, the ab111ty of th1s spec1es to. ma1nta1n high.* t1ssue N
nutr1ent concentrat1ons under harshrso11 cond1tlons, allows it to be -
“an 1mportant spec1es in the exten51ve po}ar sem1 desert reg1ons of the
Canad1an H1gh Arct1c. | ‘ |

- . - B M M .
N ; . S t . P | 4

A FertilizegQStudiesv
: S ke e LS EEPOE

At K1ng Chr]st1an Is]and changes in A]opecuru cover for var1ous f;?
treatments 1 and 2 yr- after fert1l1zer app11cat1on were less
pronounced at site 1 than at site 2 (F1g. 40). At,both SJtes,_'

WA

‘j'4\'1 d1fference$ 1n percent cover changes between 1ow leVel (60 kg ha’l)'

*.and h1gh 1eve1 (180 kg ha 1) fert1]t;at1on were s1m11ar for'th1s%same :
PR S
x per1od; S1m11ar1ty after 1-2 yr for h1gh and low level appﬂ1cat1on S
g . .7,.1-»“

s rates may~ar1se from a slew re]ease of fert111zer. P1ants adapted to‘ :

1nfert1le so11s cmmnonly show only a smal] 1ncrease 1n nutr1ent

s

‘v .
r .

};{‘ absorpt1on rate when externa] nutr1ent concentrat1ons are 1ncreasedﬁ
(Bradshaw'et al. 1960 Ingestad 1926) and th1s may also account f0r 'ff~l~t

-fQﬁ on]y minor 1n1t1a1 d1fferences between appJ1cat10n rates.f The

-’

greatest 1ncreases in Alopecuru cover. occurred 4 yr after fert1llzer ; t

- ‘
. . s - . L . SR e .- . w Y



| ;:‘_ kg ha T

 Figure 40.

,Change in Alogecurus cover as percent

of original cover” on- ‘control, nitrogen,

~ phosphorus,. and nitrogen. + phos horus

fertilizer plots at Cape Abernéthy and
Truelove Lowland. Fertilizer was .-

" applied in late July 1978 with

appllcit1on rates of 60 and 180

. .

W
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appllcat}on indicating a gradual nutrient release. After 4 yr,

1ncreases in lopecurus cover at both K1ng Chrlst1an Island s1tes were.,

[y

conSiderably greater for high fertiTizer treatments than for low level
treatments. - Response to specific nutrients showed'greater'sdmilarity

between sites at a common application rate, than at the same site for

- . \ )
. two ;:F?ZF;}; rates. For low fertilizer levels, Alopecurus showed

greatest cover‘tncrease for N‘treatments at both King Christian Istand

4

sites. Although d1fferent trends were observed in cover’ increases

4

after 4 yr at site 1 (N > NP >‘P) and site 2 (N > P > NP), response to

Ld

“low level fertilization was generally similar 1n all treatments. At

the h1gher appl1cat10n rate, similar, trends were observed in coVer

-
b 4

increases at both sites (P> NP >'N), hOwever these trends were almost,
reversed from those of Tow level® treatments. While h1gh-level treat—~

ments saw Little cover 1ncrease after 2 yr at site 1, Alopecurus cover.
4 / .

[}
-

increased 180% over or&g1nal‘values>1n the NP treatment,at’site 2.

/
~ + D>

> .
[ . P , } . - f
! . ¥ v

At Truelove Lowland low level #ert1l1zat1on resulted 1n much

greater 1ncreases 1n plant cover than at King Chr]st1an Islanq Qme .

+

i

? .

. response to P and\NP treatments was eV1dent after one year, however no

3 -

coVer 1ncreases were observed for the N treatment. After 4 yr
) Ny

ggecuru showed greatest cover 1ncreases with NP fert1l1zer and -
greater response to,n1trogen fertal1zer than td\phosphorus. fThé

results frun both locat1ons suggest that Tow 1nputs of n1trogen ,

. \QJ. .
~ B

st1mulate plant growth to a greater extent than low phosphorus but

that when 1nputs are h1gh Alopecurus is more responS1ve to s
. P ; ) ‘ J X ..
phosphorus. . - o : ’ . ’
E 'A é v i : ‘ . - ‘ - . B R a 'I
: ) [y AY . - ) ’ /I, .
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‘development with greater nutrieft ava1]ab1l1ty as’ ob

. . . ) o - . . .
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~While the addition of'fertiTiier*stjmulates the grth?“df°V3FiQUSu

\

‘plant - forms (Shaver and Chapin 1980, Lechowicg and Shaver 1982), LT

A]ogecuru and certaln other gram1no1ds are espec1a11y responsive to . -

natural and hu an- caused nutr1ent 1nputs. Nhere logecuru appears on

disturbed and enr1ched s1tes 1t often compr1ses jmuch of the total

,vascu}ar p]ant cover (Chapter Vi) The pr0port1on “of Alogecuru to

tota] vasCu]ar cover 1ncreased after fert11fzat1en for most fert111zer

\

N

trea¢ments (Tab]e 34) For examp]e, at a Truelove Lowland p]ot f

Alopecurus accounted for 38%~of the total vascu]ar cover 1n 1978.and
78% of totafl cover 4 yr ‘after’the add1tﬂon of NP fert111zern This,

¥ s
pattern: was not con51stent for all fert111zer treatments, poss1b1y due

- PR 4 .

to 1mproved growth of other spec1es. At True}ove Lowland the growth R

of Arctagrostls 1at1fol1a was greatly st1mu1ated by fert111zer.. This

-

grass commonly occurs on d1sturbed and enr1ched sites (Younktn 1975

Shaver and Chapln 1980) and often occurs w1th ATercuru (McKendr1ck N

IS
1 A

g_ga1"; 1978) o L

. . - < :
- . v . : . -
. [ 3 ‘ s . 3
r . Yy . k )
» . « -
. . !

%

~Maximum cumulative 1éaf length of~Aiercuru was’greatest“for N

and N treatments at both locataons and fdr both app11cat1on ratesi

b (F1g. » Appendix III) Rap1d decreases in cumulat1ve (green) 1ength‘

corresponded to H%pwd d1eback. Rap1d leaf d1eback 1n ear]y August forﬁ

some treatments may have Tesulted. from 1ncreased P notyplc
verved for ' s
Alopecurus at Trualole site 2 (Chapter VIT). Leaf e]ongat1on-at

Truelove Low]and was greater w1th 1ow ‘N leVel fert111zat1on than under

'h1gh N fert1llzat1on‘at K1ng-Chrlsttan~Island Yp { .US; Appendix IV).

Vehicle tracks have higher soil’temperatures than adjaceént undisturbed

r ) _ ' *

S
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TABLE-3%.  Alopecurus as percent of ;otgluvé§CuTqr cover after
> — app}ication\of h?trogen,}bhosphorus and_gitrogen-
. phosphorus fertilizer (60'and 180 kg-ha ~) at King

:v- Christjan-Isiand and Truelove Lowland.> ~ | '

' co . L, - , -‘ _

-~ ) . t -
/ a ’1 . . . \ - e N +
' N £,

_ TREATMENT  CONTROL .  NITROGEN . PHOSPHORUS  NITROGEN-
- : z g CT T PHOSPHORUS

¢
Al
\

Vears After- . 0 1 2 4 0°1 2 4 0 1°2 4 01234 ™
~ Application - ‘ R ‘ :

- : v "

,

Y

. LOCATION * APPLICATION RATE 60 kg ha™) -

v o . — oo
“ KcI SITE 1 64 61 67 58 67 74.90 75 67 71 6766 75 83 62 57

w [ N

KCL;§ITE_2_‘ 54 54 81 31 A'38.55'§§‘55 "h0!47'58 55;5~3§ 4@’44‘58' . ’
Trﬁeiovel | 66‘66 66 67 »33‘30 44611; 29 35 32 22 -38lA2V58.78
. ‘ I .' R - ' h e ' ll,
R E AP?LICATION RATE 180 kg*héfl‘  1.' - o
kel S;TE;I ;. T;64 61 67 58“"67'67 75 8615 7173 61‘83"‘7i 82~;3 és‘A ’
,'kcx‘s{fs é v.54;54~51v31_;‘36§; 38:38 ‘/36f61 45'42; “49/5;'63 48 - T
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Cumu]%tiveelengtﬁ of green portions of

Alopecurus leaves at-Cape Abernethy and
Truelove Lowland fertilizer plots one

“year after fertilizer .application.
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commun1t1es (Chapﬁn and Shaver 1981) and a more favourable soil ﬁ;;

i ‘-‘.A‘A .

S thehnal reglme at’ the Truelove fert1l1zer‘p1ots may have fac111tated

greater nutr1ent uptake than at K1ng Chr1st1an Is]and s1tes ﬁ&auﬁi‘hys”
N .. b‘ .. : ‘. .,‘,‘ -

a

s ; At Klng Chr1st1an Is]and -annual variation wgs observed in the
R cumulat1ve leaf 1ength of Alogecuru (Fig. 42) with lengths being

* 9'/39enera]1y greater in 1979 than in 1980 : A n0tab1e except1on was
” 1ogecurus at a site 1 p]ot (N 60 kg ha’l) where cumulat1ve,]eaf

7

1ength 1ncreased by over 35% from 1979 to 1980. . In 1979, King

~

Chr1st1an Is]and exper1enced two weeks of unusual]y high temperatures:

and this may account for greater leaf elongat1on compared to 1980

. S~ . - . 7
s+ . - i .

. App]1cat1on rate of fert1112er had 11tt1e effect on shoot and

B

. . 1nflorescence dens1t1es at King Chr1st1an Island s1te 1 (F1g. 43).

'Inf]orescence dens1t1es were greater for 180 than for 65 kg ha -1

treatments but these d1fferences were not seen'unt11 2-4 yr after

o~

: fert111zat1on. At King Chr1st1an Island s1te 2 shoot and, - s :

“=~ inflorescence dens1t1es on 60 kg ha } P]OtS showed only 5119hf

~ \

1ncreases for fert111zer treatments however 1ncreases were

cons1derab]e on 180 kg ha -1 plots (F1g. 43) Max1mum shoot dens1ty N

-

—ocsurred on the phoSphorus plot (6 August 80) a]though shoot dens1ty

< : was often greater on- the NP'plot.' Flower1ng was’ most commonly

'st1mulated by ph05phorus fertilizer (P > NP >’ N) , : @",
) 'S . v 'i . ) | )‘ . " ,"‘"‘ .

- v . \- ’ P .

A .> - Flower1ng responses at True]ove Lowland fert111zer plots were

)

clear.. Inflorescence déns1t1es in 1978 (before fert11lzer effects)

4 .

N

" wey e h1gh and greatly var1able C?1g 44) In 1979 and 1980, f]ower1ng

FARR S
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Figure 42, Comparilgon of cumylative leaf ‘length of -

- “Alopeeurus alpinus on fertilizer plots
't at sites I and-2, Cape #Abernethy, -
. August 1, 1979 ‘and. August-2; 1980,
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,~Figure 43,

Alopecurus shoot and: infforescence
densities on fertilizer. plots, s;tés 1
.and*2, Cape Abernethy.
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:',_-n'f]'ores'cence density for Alopecurus on
gertilizer plots, Truelove Lowland.

i
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was greatly reduced -due to late Snow melt and a per1od of 1nundat1on

| of several plots by me}twater. ThlS together w1th var1able Al ercurus
},‘cover between plots‘made it d1ff1cult to detect the effect of ffe; .

o

. ;fert1llzatton on flower1ng In 1982 flowerlng was greatest on NP A

'>~plots. Although 1nflorescence dens1t1es were also”h1gh on control

”plotsy controls had cons1derably greater Alogecurus cover.t

The delayed effects of fert1ltzer on Alopecuru growth are seen in }'~ :
L 'b1anass and stand1ng crop measurements (Fig. 4b) Wlth consistently S
'rgreater values 4 yr after fert1llzat10n than after 2 yr. On K1ng |
Chrlst1an Island htgh level fert1l1zat10n resulted in up to 3 to 4
J/t1mes as much stand1ng crop and up to 10 ttmes as much Alopecuru
| b1omass as low fert1l1zer levels (P treatment, 51tes 1 and 2) '
Greatest 1ncreases 1n biomass at K1ng Chr1st1an Island sttes were SO
;Akobserved for phosphorus treatments (P > R > N) Th1s was 1n contrast |
'::to Truelove Lowland where in. 1982 greatest b1omass and standlng crop o

:occwrred on nttrogen plots (N > NP P)

(-"Jﬂ'-,-ﬁ ; AR
Y

T1ssue nutrtent concentratlons were cons1stently greater at o
’-Truelove Lowland fert111zer plots than those at K1n§ Chr1st1an Island .=‘
;ﬁ(Table 35) De5p1te 1979 N and P levels be1ng 51m1lar o natural ,t-'
s1tes at both study locatzons,}t155ue levels on Truelove fertlltzer }“l"i
fplots (60 kg ha ) wene greater than in plants on’ hlgh level (180 kg ‘

) plots at Klng-Chr1st1an Island N and P concentratlons on K1ng

'5’fifChr1st1an Island h1gh level ferttlizer plots were generally no greater

than _12222222_ tlssue concentrations on Truelove control Plots, B

Alopecuru growth was gyeater in veh1cle tracks and 1s presumed to be

sl

Sy

A

S
B
4
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~ Figure 45. Abbveground standing crop of Alopecurus .
~on_fertiliZer plots at Cape. Abernethy S
: .and Truelove Lowland, two ( 1980) and -

four (1982) years after fertilizer
application. _ \
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STANDING

2

CROP

| KCI SITE 1

60 kg ha™

KCI SITE 1

| TRUELOVE

60 kg ha™

[ Jlive . [current year]

[l dead [previous years]

‘NP

TREATMENT
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o TABLE 3, ~Nitrogen'and'phOSphorus4content of Alopecurus shoots from 
: King Christian Island (Site 2) and Truelove Lowland
(Vehicle Tracks) fertilizer plots.* (Mean + S.E., n =4)

. TRUELOVE . NE PEL o
r | application_;
. treatment rate (kg ha ")
control . © 308+ 0,07 0,30 £ 0,05
nitrogen 60 3.8+ 0,70 0.37 + 0,11
phosphorus . 60 ‘ 3.17 + 0.53 . 0.70 + 0,01
nitro/phos. 60 3,39+ 0,31 0.49 +0.04
KCI (site 2). . , -
. | y |
. : v app]idﬁtﬁﬁh_l
" treatment - rate (kg ha )
control | 2.42 + 0.14 0,22 + 0,02
nitrogen 60 2.88 + 0.03 . 0.25 + 0,01
180 3.39 7 0,09 0.24 ¥.0.01"
phosphorus 60 | 2,08 + 0.14 - 0.27 +:0.02
B 1180 0 2.50%¥0.14  0.31 ¥0.03 .
_ . : ' R sl i - TN
» | g 332{%& 031 T0.01 7

* Tissue collected August 5-8; 1980, 2 yr after.fertilizer applied.

kY
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due to elevated soil temperature and greater nutr1ent ava11ab111ty
. compared.to adjacent undisturbed communities (McKendr1ck et al. 1978

Chapin and_Shéver 1981).-

Lower t1ssue nutr1ent concentrat1ons at King Chr1st1an Island than

at Truelove Low]and desp1te higher rates of fert1l1zer app11cat1on
indicates the severlty of the edaphic env1ronment at . K1ng Christian:
Island, Low soi] pH at King Christian Island sites would l1m1t N and
P availability and uptake by plahts.. S0i1 microbial ectivity
respons1ble for nitrogen transfennat1ons and poss1b1e rhizospheric
1nteract1ons would also be great]y reduced at these sttes. Even under
conditions of . low nutr1ent ava11ab111ty, 1ow pH and high soil
instability (site 1 is heavily erodeq) A]opecuru at K1ng Chr1st1an
Island exhibits re]atively‘high'tiesue concentrations of N and P |

compared to low arctic graminoids (Chapin et al. 1975).

High root to shoot ratide; rapid root elongation, rapid root
turnover and the ability to tolerate high concentretions of salts and
potent1a]ly toxic metals allow Alopecurus to be successful under
severe edaph1c conditions (Be11 and Bliss 1978 Sm1th and James 1979)
Low soil pH may be a key reason for the dun1nance of A]opecurus at k
K1ng Christian Island intensive s1tes where spec1es d1vers1ty and\

. canpet1t1on are reduced by the exc]us1on of Tess tolerant spec1es.

In attempt1ng to determine the role of m1nera1 nutr1taon in the

~distribution and funct1on1ng of plant spec1es most stud1es ad0pt a

&

univariate approach, concentrating on the effects of single soil
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nutrients. }Althoudh it has Tong been recogni;ed that an understanding ‘
of nutrient balances, interactions and possible synergistic effects |
»are critica]A(Shear et al. 1946), Lechowicz and Shaver (1982) indicate
that multivariate stodies of mineral nutrttion are quite recent. It
-is-clear from the ]iterature that changes in the availability of a
single nutr1ent can have great 1mp11cat10ns on the uptake and
metabolism of other nutrients (Salisbuty 1975, Garten 1976, Ingestad
1976) This study examined only nitrogen and phosphorus since these

nutrients are cons1stent1y ]1m1t1ng to plant growth in arctic

ecosystems. Tab1e 35 shows that nitrogen fertilization 1mproved the

uptake of phosphorus_by Alopecurus at both study' gcattons. The

_teffect of phosphorus fertilizer increasing nitrogen optake was also
evident but not to the same extent. Simflar oUservations‘have*been
made in»a variety of factorial fertilizer StUdie§‘iq,QLQLiE\rEQiOhS'

" (e.g. Haag 1974). T .

. & . _ o
- The results show that Alopecurus is most commony limited by soi|

phosphorus but that -nitrogen may be nore'limiting‘on'some\sites. The
.effect.of NP tertiliier was often intermediate between those of single
nutrient ferti]izations as was also observed.for fert{lizer studies in
northern Alaska (Lechowicz and Shaver>1981) The growth of arctic
plants is highly 1nf1uenced by the 1nteractlon of N and P (Babb and.
Whitfield 1977, Shaver and Chapin 1980). lP]ant growth- as indicated in
thds study by changes in logecurus cover ‘leaf elongation and biomass
did not consistently correspond to changes in t1ssue concentrat1ons of
N and P. Shaver and Chap1n (1980). who made similar observatxons,
.concluded that*in their study, no single factor was limiting to plant

h

Lor
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growth but that improved growth resulted only.from‘a ba]éncé of plant
nutrients. They also conc luded that because mjneré] and organic
nutrient concentrations were so variable and correlated poorly with
growth responses, variation in tissue consentration of a'giveﬁ minera1
nutrient may-not be éCo1ogica1]y heanﬁngfg1.

o , .

Babb and Whitfield (19}7) also enphasized the importéncé”of the
combination of nitrogen andAphdsphorus to plant growth however they
suggested that phosphorus is the “u1t1mate" ]1m1t1ng factor to
production in the H1gh Arctic. Where p1ant growth is Tush on
disturbed and enr1ched sites, 'soil ﬁjtrogen~and'potassium levels were
variable, however soil phosphorus 1eveis were consistently high. :
Despite these field observations, Babb an&mﬁﬁitfie]d (1977) found that
in laboratory ereriments, several major plant species from Truelove
Lowland grew more Qigoroﬁsly in cultures deficient fﬁ phosphorus thaﬁ
in those Aeficient in nitrogen, and grew almost as well as plants in a
complete nutrient solution. Alopecurus grown in deficieﬁi nutrient
solutions showed the opposite response (Nosko, unpublished data).
Plants from both study locations grown in a -P nutrient solution-died
after 2 wk. Plants in a -N solution. remained surpr1s1ng]y v1gorous

for the 6 wk durat1on of the experiment, achieving a b1omass 65% of

control plants in a complete nutr1ent solut1on. The species examined

by Babb and Whitfield (1977) (Carex stans, Dryas integrifolia,

Saxifraga oppositifolia and Salix arctica) are dominant in various

undistUrbgd communitiés. On Truelove*Low]and as in other high arctic
oases (Muc 1980), Alopecurus is uncommon in und1sturbed communities

- and only reaches dominant status on d1sturbed and enr1ched sites that

N
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Babb and Whitfield (1977) showed to be consistently high in soil

~phosph6rus.



CHAPTER X
RHIZOSPHERIC RELATIONSHIPS
INTRODUCTION

Rateé ef decompositidn and nutrient cyc1ing in arcttt.ecosystems.
are genera]]y slow due to the inhibitory effect of low soil
temperature and a short active season on the activity of 5011 micro-
organisms (Widden 1977, Heal et al. 1981). The Queen E]1zabeth
Islands are dominated'by'bo]ar desert and polar semi-desert
1andScapes, thafacterized by low vascular plant cover and low plant
prodﬁctivity (Bliss 1981; Bliss and Svoboda 1984); wa annual plant
brodUction'in these regions reSults in tow levels of 'soil organic
mattet availeble for decomposition, contributing to iow levels of soil

nutrients (Bell and Bliss 1978, Bliss and Svoboda 19849,

Sedge-moss meadow tundra acéounts for 1ess'than 2% ofethe Qheen
‘Elizabeth‘lslands (Bliss 1981). Although these Tush meadows have
relatively high piant prdduction {Muc 1977) and a h1gh percentage of
soil organlc matter (Walker and Peters 1977), the1r 5011 nutrient
status is also low (Babb and Nh1tf1eld 19;7 Walker and Peters 1977)
Widden (1977) reported relatively ]argelg1crob1a1 populations for such
meadows , bﬁt suggested that their limited attiv}ty due to 1ow} |

temperatures and possibly ]ow‘O Teads to low decomposition and

2’
turnover ratesy and to the ‘accumulation of soil organic’hatter;“-qu

these reasons, soil microorganisms have received little attention in

230
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studies of the nutrient budgets of arctic plant communities.

Other studies suggest that the role of microorganisms in nutrient

1transformations and fluxes in arctic soi]s, and pechaps in the-minera]

nutr1t1on of arctic plants is more s1gnrf1cant than initially rea]1zed

(Allen et al. 1964 Miller and Laursen 1978). Jordan et al.

(1978a, b), who stud1ed nitrogen f1xat1on and- m1crob1o]og1cal features
of several h1gh arctic plant commun1t1es, indicated that the principal .
11fe-support areas for arctic wildlife (presumeably areas of high
‘plant production) were also the areas'that”exhibited‘the greatest
microbial activity: The association of’arctic.vascuiar plants with
mycorrhiza] fongi‘as documented'by Katenin (1964), Stutz (1972), |
1Mi11er and taursen (1978) and Bljss (unpubl1shed data) may have great
| 1mp11cat1ons on the phOSphorus and n1trogen nutrition of these plants
although Tittle study of th1s k1nd has been conducted. In a synthesis
of tundra ecosystems, Bunnell (1981) stated that the behav1our of
.m1croorganwsms was 1mportant in governing rates of {nutrient) f1ux and
‘structure of tundnas and that thewr role 1n~tundra ecosystems hecame t
all the more cr1t1ca1 because tundras are generally more t1ght1y
closed than temperate or tropic systems. Dowd1ng et al. (1981)

———

concluded that a 1arge 1nadequacy in the understanding of nutrients in

nool\j

tundra ecosystems existed in the area of soil m1crofauna1/m1c

e

effects on nutr1ent c1rcu1at1on. o L | ' \ -

',_ Nitrogen has been descrlbed as . perhaps the most 11m1t1ng nutrlent

A ]

to arctic plant growth (Russell 1940, Warren W11son 19b7 Haag 1974, "

, McCowan 1978 Ulr1ch and Gersper 1978) but arctic plants that
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commonly grow in n1trogen def1c1ent soils often have higher tissue-

concentrations of n1trogen than other m1nera1s (Rod1n ‘and Bazilevich

e N

1967, Wielgolaski et al. 197b) Normal tissues of arctic plants have

been reported to contain nitrogen levels twice those of more temperate

spec1es (Chap1n 1974, Bunne]l et al 1975, Babb and Whitfield 1977).

Because nutrient. uptake is temperature dependent, arctic.p1ants must

be well adapted to achieve high tissue concentrations of nitrogen and”
N

other nutrients 1n4cold,‘nutrient deficient $o0ils. Much work on this

has been conducted by Chapin (1974, 1979, 1980).

The major input of nitrogen into arctic systems is through
bio]ogical nitrogen fixation (Bardsdate and Alexander 1975, Stutz

are

1977). Blue-greef algae, both free-living and lichen symbionts

‘the dominant nitrogen fixing organisms in arctic -and antarcti'\

regions
(Holm-Hansen 1963, Fogg and Stewart 1968, Alexander and Schell 1
A]exander et al. 1978). In.low arctic areas, nodule forming species

of Dryas Astragalus and Oxxtrop1 s have been reported to fix nitrogen

‘(Lawrence’ et al. 1967, A]exander and Sche]] 1973) Free-11v1ng
nitrogen- f1x1ng bacteria are known to occur in arct1c soils (Jurgensen
and Davey 1971, StUt; 1977, Jordan.gt_glL 1978a,b) but the1r
contributionito the nitﬁegeh'budget has beep considered negligible
(A]exander et al. 1978). The assoc1at1on of the roots of vascular
p]ants, espec1a11y gram1n01d species, wwth free—]1v1ng n1trogen f1x1ng
bacteria is well documente&m trop1ca1 (Day~g_t__a_1__._ 1975, Dobereiner

1977) and{ *ﬁi-rate‘(Tjepkema)and Burris 1976, Smith and Patriquan.

1978) soils. There have been no reports, to my knowledge, of

" rhizospheric nitrogen fixation resulting from the association of
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A

‘freefijv{hg heterotrophic bacteria with the roots_of:arctic plants.

Contributions by freeeliVing, nitrogen-fixing bacteria in arctic .

reglons are cons1dered 1ns1gn1f1cant due to the d1rect ‘and indirect

11m1t1ng effects of ' low temperature on bacterial b1ochem1ca1//;t1v1ty

and biomass (w1dden 1977, Jordgn.gg_gli 1978a). Nitrogenase actnv1ty

15 highly temperature dependent and limited at Toh temperetures ‘

(Rennie and Kemp 1981, 19823}‘ Many arctic bacteria are péychrotrophfc .

" (Morita 1975) rather than psychrophilic, having temperatuhe optima

. greater than 20°C, although capable of'slowvgrowth at-SOC or lower
(Ne]son'1977, Jordan 2&.21; 1978a). fNitrogen!fixation requires large
inputevof metaholic energy (Shanmugan_ggggl; 1§78)iend'hetehotrophic

- bacteria are likely to beklimfted by cahbohydrgte availapi]ity in cold

~ regions A]exander and Schell 1973) Aiexander et 51 (1978) exam1ned
so1l cores at various depths and found 11tt1e n1trogenase act1v1ty —

q“,:below the surface, whether under aerob1c or anaerobic cond1t1ons.

ATEhoughvso11 bacter1a, potentlally ab1e~to fix njtrogen, are present

in high ahctic'soils, Jordah et al. (1978a) felt that they rarely fix

«n1troge 1 .situ.due to low temperatures and a 1aCk of read11y

iut111zab1e energy sources Some 1mportance, however, haS»been given
to.nitrogen fixation by bactehie‘in thé‘H{gh Arctic (Stutz-1977)"and
“in the éubarctie (Granha}l and Se]ahder«i973) “ Alexander et al.
(1978) have not comp]ete]y e11m1nated this poss1b111ty for the Alaskan
arctic tundra. : . | |
-7 .
On a seasonal or even diel bas1s mean temperatures in the root1ng

zone of h1gh arct1c so1ls are low (Courtin and Lab1nex1977). On- warm

" days, @emperature<max1ma (8-12 ) 1h the,footing~zone, especially in
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A

~areas of the high arcti¢ considered to be "gases" (Courtin and Labine

1977, Svoboda and Freedman 1981) may be sufficient]} high to allow

short ‘term in situ fixation by bacteria. Low'temperatune nitrogen
fixation has been reported for other organisms. -Kallio.et al. (1972)

found detectab]e n]trogen f1xat1on in the ]1chen So]or1na crocea at

—5 . F1xat1on -at 0 O has been reported in blue-green a]gae (Granhal]
and Henr1kkson 1969 A]exander and Schel] 1973) On a_warm day‘

mid-season’ so11 temperatures at -10 cm can reach 10% 1n a wet h1gh

_ arct1c sedge meadow (Nosko 1978) and’ these temperatures: Can be even

- h1gher in a dry mineral’ so11 such as on a raised beach r1dge (Svoboda

1974).

¥

Even in temperate regions s0ils can be substrate 11m1t1ng for

nftrogén_fiiation (Brouzes gt al, 1969, Steyn and Delwiche 1970) ~As

P

in temperate and tropic rebions, free-living nitrogen-fikingnbactepiagw.
. . L .J A

m1ght have a carbon source suffic1ent to c0nduct f1xat1on under
favourable env1ronmenta1 cond1t1ons dur1ng the act1ve season through

an assoc1at10n w1th vascu]ar p]ant roots.,

Because 'most researchers cons1der n1trogen f1xat10n by free—l1v1ng

bacter1a to be negl1g1b1e few»1f any stud1es have been conducted on

rh1205pher1c n1trogen f1xat1on in arct1c regions. Although

’”Qogen f1xat10n may not represent an jmpdrtant sourcek
ktic s so11 systems in genera] 1f‘this phehoméhonlh_
short t1me dur1ng the grow1ng season, such an

of great' s1gn1f1cance,to\the,nutr]t1on;of the

,were'invqluedi L .\\ -

C
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| _',that showed rh1zOSpher1c n1trogen f1xat1on. |

In temperate.and tropical areas, plant species exhibiting
rh1zospher1c nitrogen f1xat1on are cmnnonly members of the Gram1neae

(Dobere1ner and Day 1975 Sm1th and Patr1quan 1978) - Instances of

'rh1zospher1c assoc1at1ons between vascu]ar plants and N- f1x1ng

bacter1a appear to be thh on d1sturbed s1tes (Sm1th ‘and Patr1quan“

1978). Grasses are a maJor component of the arct1c flora and certain
grass species are largely confined to dlstrubed s1tes where they

exhibit-luxuriant growth If rh1zospher1c n1trogen f1xat1onkwere,

: p0551b1e 1n the H1gh Arct1c Alopecurus a1p1nus seems a 11ke1y spec1es

to be 1nvolved 1n~such an assoc1at1on. It common]y occurs on

broad eco]ogical'amplitude_andvis‘known_to form mycorrhizal o
~associations in'tundra (Miller andALaorsen»1978)nand:ihASemi-desert |
_(Bliss, unpUb]ished data)"cannunities;"ln temperate,regions, Smith :

-'and Patr1quan (1978) reported that Alopecurus genlculatus 'nad hxgh

",rates of acetylene-reduc1ng act1v1ty compared w1th other gram1no1ds

»

4

The ob3ect1ves of thlS study were: '}(1) to.. determ1ne whether

arctic gram1no1ds (A 1opecurus) formed assoc1at1ons WIth ‘ffi Ry

‘n1trogenff1x1ng bacter1a, (2) 1f such assoc1at1ons occurred to

_4

identity the bacteria involved (3) to 1dent1fy some of the plant

commun1t1es 1n wh1ch rh1zospher1c\assoc1at10ns may occur and (4) to'

1attempt to quant1fy poss1ble n1trogenase act1v1<z’1n A]opecgru roots.-

[ "" T

k3

e L . . 52 L4 ) o
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~disturbed sites and exhibits luxuriant growth.. This spec1es'haswa 1 '\'
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* METHODS.AND MATERIALS "
Invest1gatlons conSISted of (1) qualltatlve enrtchment stud1es to .

determlne the presence of nltrogen f1x1ng bacter1a 1n the rh1zosphere

" of Aﬂogecuru and (2) quant1tat1ve assays for n1tnogenase actlvrty of

»;ﬁexc1sed roots u51ng the acetylene-reduct1on,technique (Hardy _l; ,
’1968) I L

Alogecuru was collected on natural d1sturbed and enr1ched s1tes :
| vat both study locatlons and on sem1 desert commun1t1es near Resolute ,

.,FBay and near the Bent Horn 01l fleld on Cameron Island Edaph1c s‘[f.fv ;lj

"'1condlt1ons ranged from dry, f1ne~textured m1neral so1ls to waterlogged

‘organlc so1ls. Samplnng at all s1tes/ggcurred betw en August 5 and 8 'tif;,A
in 1979 and July 23 to August 3 in 1980. ' '
'l} Plant-so1l cores (28 cmzlx 10 am deep) were extracted and returned,; s-wfﬁ‘ﬁ
}j 1n sealed sterlle plastic bags to the basecamp at Klng Chr1st1an o
Island or Truelove Lowland Exc1s1ng of roots for both qual1tat1ve :3l'
'v"and quant1tat1ve stud;es occurred w1th1n 2 maximum of 3 h after ;!fgfé"'v
collect1on for locally collected samples (K1ng Chr1st1an Island and |
"Truelove Lowland) and w1th1n 6 h for Resolute Bay and Cameron Island

In 1979 roots were washed in ster1le water (Dobereiner and L e

In 1980 unwashed roots that were v1sibly free of soil o

—partlcles were. used SR 1?'-.:>1_;'"ﬁ;§}'17»' ~_(, o

Q

Erl > i A RN
4.7 - Lo RN
. c 3 .
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Presence of N-fixing Bacteria

b

»

Roots were cué‘into.segmentg (0.5 - 1.0 cm) and transferred to
vials,ﬁsing aseptic technique. ’Three root segments from each sample '
were intfoduced to 25.m1 screw-cap tubes that contained 10 ml of
semisolid djazotroph med;Lm (nitrogen-free glucose medium). For each
root inoculation, a corresponding soil sample (ca. 0'1.9) taken from
,;he\§ame core was used to inoculate N-free medium tubes. The soil
,sample was taken adjacent to the rhizosphere but had no associated
root material. Collections made in 1979 were returned to Edmonton
within 4 d of inoculation. In‘198U, Truélove Lowland, Resolute Bay
and Cameron Is]dnd samples were»fncUbated at room temperature
(10-26°C) for 2 d after inoculation, followed by incubation at < 8°¢
until -they could be returnéd to'Edmonton; The maximum field
fncubation period for'these'sampigs was 16 d. Screw-caps were
loosened to allow lfmited gas exchange. Despite a long field |

- incubation, low temperature storage appeared to prevent ihe depletion
of the ﬁutrient'medium in samp]es*showing positive Pesults. Kihg
Christian Island samples cdllected in 1980 were returned-to Edmonton

“within 3 d of iﬁocu]ationi The presence of N-fixing bacteria and
nitrogenase activity were confirmed.by}conducting acetylene nﬁductioh'
asséys‘(Hérdy et al. 1968) on enrichment tubes showing the development
of bacterial colonies. Organisms from positive samples were examined
using Qpase contrast microscopy (Cobk; pers.'comm): -

¢
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‘Acetylene Assay of'gxcised~Roots

RN,

.

- Nitrogenase actiyity was déterminee fer excised rodts by the
acetylene reduction method using sahp]e preparation procedUres similar’
to' tﬁose described by.Dobe‘reiner et al. (1972 and*mith' ‘and Patriquan
(1978) Four tub®s (25 ml) were - used for each sample collection, each
conta1n1ng about 100 mg (dry wt) of root material. A filter paper
‘ strip mo1stened with ster11e water Was p]aced in, each tube to prevent
root Ue551cat1on. Tubes were f]ushed w1th a 5% 02 in N2 mixture,
capped with serum stoppers and incubated for 12 h at room temperature
Tubes were reflushed with 5% 0 in N, prior to an injection of )
acetylene (8% of tube volume) into 3 tubes.. The fourth tuSe’wae used
as 'a control to determine C2H4 production’in the abseﬁce of C,H

2+
ﬂ,Tubes were incubated at amb1ent soil temperatures and gas samples were’

: drawn 12 24 and 36 h after CoH, 1;3ect1on and transferred to 10 ml
B-D vacutainers. Gas samples were retumned to Edmonton and ana]yzed
for C2H4 prodyction by gas chromatoéraphy. Roots were dried at BQOC
ahd weighed. No"check was made on the possible,]eakage of gas from

evacuated tubes between the time of field.injection and gas

chromatograph analysis.

RESULTS AND DISCUSSION

< 1

Collectlon s1tes of Alogecuru root and 5011 samp1es for bacter1al
growth and C2H2 assay stud1es, and samples that showed pos1t1ve
results are g1ven in Tab]e 36 Pos1t1ve n1trogenase act1v1ty was

~

- detected in enr1chmentvcultures'of Alogecuru roots from 5 of the 7
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TABLE 36. Collection sites (noted by X) for Alopecurus alpinus roots and
adjacent soil,used in enrichment studies (presence of bacteria)
and CZHZ assays. Samples in which N-fixing bacterial were

" present are noted by (*}. None of the collections made for

(32H2 assays showed acetylene reduction activity.
ENRICHMENT . CZHZ ASSAY
LOCATION/SITE
EXCISED ROOTS ADJACENT SOIL EXCISED ROOTS
. ‘ . 1979 1980 1980 1979 1980
KING CHRISTIAN ISLAND ' 9 - .
(POLAR_SEMI-DESERT) o
Graminoid Barrens - B
(Sjte 1) . X {(*) X X X X o
Graminoid Moss
(site 2) . X X X X X
Herb Lichen - ’ X X . X
Disturbed : . \
{Airstrip) X X : X X X -
Disturbed :
(01a sump) X X X
TRUELOVE LOWLAND -
{TUNDRA) : .
Moss-Cushion Plant- o > ’ ’
Grass (Site 1) X (*)  x (%) X (*) X X
Willow-Cushion
Plant-Moss (lce
Centred Polygons. i
Site 2) , X (%) x X XX
Disturbed (Vehicle o .
Tracks Through. .
Site 1) , X (*) X (*) X .
Disturbed (Vehicle ' ‘.
Tracks Through : .
Sedge Meadow (wet) X (*) M X (*) X X .
Enriched (Thule Camp) ) X X X |
Enriched (Bird Perch) X X X
Enriched (Basecamp) X(*) . . x{¥) . x -
RESOLUTE BAY
(POLAR SEMI-DESERT)
Graminoid Moss X (™) X ; X
Gr‘ﬁminm‘d Moss »
. Se{‘epage Area (yet) X (*) : .
CAMERON 1SLAND '
(POLAR SEMI-DESERT)
.
Graminoid Moss
(Eoulee Bank) X . X X
iraminoid Moss X (*)

1979 root material collected at all sites August 5-9.
1980 root and soil material collected July 23-August 3.
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sites examined at the tundra location. A]ihough only 1 of 5 King

Christian Islend samples gave a positive test, 3 of the'4 Alopecurus

samples from the other semi-desert sites EXamined indicated the

presence of N-fixing bacteria in the rhizosghere. Typical ,°

]

- microaerophyllic growth (Dobereiner and Day 1976) was most common]y

observed, however some cultures also exhibited anaerobic growth In
two 1980 samples, n1trogenase activity was detected in root cultures
but not in cultures containing adjacent 5011, 1nd1cat1ng that
free-1iving microorganisms are concentrated in the rhiZOSphere;
Positive tests-for‘washed root cultures suggests that N-fixing .

microorganisms may occur in the endorhizosphere.
v .

éased on morpholbgf;a] and chemical charécteristics the
microorganisms found in enrichment cu]thres were a Spirillum-like

(syn. Azospirillum) organism, Klebsiella sp., Desulfovibrio sp. and

Clostridium arctica (sensu Jordan and McNichol 1979). The first

organism exhibited microaerophyllic growth, growing near the surface
of culture tubes and the culture medium in the vicinity of growth

turned blue in colour. The latter three organisms grew anaerobically

at lTower depths in the medium. The culture medium in tUbes~containing'

Desulfovibrio sp. turned black in colour.

Members of the genera Klebsiella (common) and Clostridium have

been reported in Truelove Lowland soils (Jordan et al. 1978a) as have

sulphate reducing bacteria (Desulfovibrio ?) (Jordan et al, 1978b),

Other microbiological studies of soils at Truelove Lowland have beén

conducted by Nelson (1977) and Widden (1977). Spirillum is commonly

240
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found in the rhizosphere of a variety of forage and cereal grasses and

in soils from tropic~and tem{erate latitudes (Dobereiner and Day 1976,

Kumari et al. 19}8/f52& ders and V]assak 1976, Tarrand et al. 1978) ‘

however Sp1r1116m or Sp1r111unk11ke organisms have not been prev1ous1y

'reported~1n arctic regions, Studies of bacteria occurring in high

arctic soils are few, with group1ngs often being made based on
phys1olog1ca1 and b1ochem1ca] properties rather than the 1so1at1on and

identification of taxa. Be1Jer1nck1a (N-f1xer) spec1es were thought

to be .largely confined to acidic soils of tropical regions, however
this genus has recently been reported for three sites on Truelove

Lowland (Jordan and McNicol 1978).

o The only King Christian Island sampl€ showing the presence of

rhizospheric N- f1x1ng bacteria occurred on the site hav1ng the lowest'

soil pH.(4.2). Certain N-fixing bacteria are tolerant of low pH
however under such condit?pns, nitrogenase activity is severely

restricted (Postgate 1974).

No ﬁeasureab]e acetylene-reducing activity (ARA) was detected in
excised roots. Maximum rooting zone temperature during incubation
under ambient soil conditions was no greatgrithan 6.6°c at either
study location, beiny well below maximum soil tempetaturés measured

(Chapter_IV). Weather cgpditions during incubation periods were cool

(qi"and cfbudy. Lack of measureable ARA is likely due to inhibition at

Tow temperature but may have been due to human error in sample‘F
preparation, insufficient root biomass or leakage of gas samples in

transport to Edmonton. In other studies, incubation after C2H2.

241
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injection is commonly at room temperature (e.g. Smith and Patriquén

1978) however such an incubation regime for this study would not

’

support thekpossibility of in situ rhizospheric N-fixation in >

Alopecurus.

Qualitative studies indicate the presence of N-fixing bacteria in
the rhizosphere of A]ogecdrus. -Similar observations were made for 5
additionq] grass species, 2 sedges and 2 rushes collected -from various
sites at Trué]ove Lowland and King Christian Island (unpublished).
Such associations have not been previously reported for hjgh arctic

regions.

The fnabi]ity to show-ARA in quantfative studies does not permit
the inference that N-fixing microorganisms might provide a nitrogen
source for Alopecurus. The possibi]ify of short term rhizospheric
.nitrogédfsixation cannot be completely discounted however, since soil
tempeﬁ?tures during fie]d.incubation were much lower than possible
maximﬂm values, . A concentration of free-living microorganisms in the
rhizosﬂﬁere, and.possfbly the endorhizosphere of arctic.graminoids
Sugge§£s'at least a commensalism (+/0 interaction) between these
organisms. vAt the time that plant samples were collected, root
caébphydrate_levels are generally high (Shaver and Billings 1976, Muc
}227) witﬁ the onsetvof late-season translocation to be]owground plant
érgans. - This max'rgpresent an important carbohydrate source fbr_soi1

' imicroorganisms in an btherwise.énergy-limited eéyirohment.

!

The genus Alopecurus has been imb]icatgd'jn a number of



rhizospheric interactions. Miller and Laurseﬁ-(1978) and Bliss

(unpublished data) have reported associations of A]ogecuru roots and
mycorrhizae. Miller and Laursen (1978) found. that the sporocarps and
hyphae associated w1th Alopecurus roots were similar to those found on

Poa (arctica ?) and the rhizoids of the moss Pogonatum (alpinum ?).

Alopecurus, Poa and Pogonatum are all common at True]ove site 2

(1ce-centred polygons). The ability of these species to form
microbial assoc1at1ons could account for their abundance on polygon
margins where soil temperatures are relatively high. Higher soil
temperature would stimulate microbial activity, and those plants
having.mycorrhizal fungi or nitrogen-fixing baeterialﬁassociated with

their roots would have greater nutrients available to them.

A. pratensis is commén]y used in revegetation programs in low
arctic and sub-arctic regions (e.g. Younkin 1972,‘Hernandez 1973,
Dabbs et al. 1974). Although the feasibility of such programs in-the

X

- High Arctic is questionable, A. elginus shows promiée'as.a native/
species for revegetation (Bljss 1978,'1980). ﬂ |
Rhizospheric iﬁteractions appear to be,more widespread in arctic
plart speties:than previously thought (Mi]]er and LaurSen 1978). The
. association of plant roots with mycorrhizal fung1 and n1trogen-f1x1ng
bacteria could have great 1mpl1cat1ons on the mineral nutr1t1on of o
these plants and on the understanding qf plant adaptations to growth
in nutrient-poor arctic soils. Such know]edée would be valuab]e in;

the revegetation of arctic landscapes Since soil amendments -that are

_perhaps less expensive than N.end'P fertilizer could be used to

243
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promote microbial growth and indirectly stimulate the growth of

vascular species.



CHAPTER XI
WATER RELATIONS
. INTRODUCTION

vMucﬁiBf‘the High Arctic receives less than 250 mm of annual
| p;ecipitatipn (Thompson 1967), makihg'water a critical factor to plant
djgtributibn'and survival. Local 5611 moistufe gradients account for
much of the patterning df arctic vegetation (Billings 1974). Soil
moisture }ﬁmifs p]antubroduction (wie]go1aski‘§i_glL 1981) and
| different soil mbﬁsture-conditllns can ihduée pheno]ogi;a] pﬁase
. shifts (Woodley 1981) or different growﬁﬁ forms (Tgéri 1972)r1n arctic
‘plant species. Although the re]atiQe water'confenE.of arctic
grayindids can_exceed 95% (Addisoﬁ 1977a), minof flUétuations of
tissue water content can significantly reduce metabolic growth .
processes (Slatyer 1974). The growth and distribution of arctic

plants in relation to water has been discussed by Bliss (1971),

-

Billings (1974), qu'ngis and Callaghan (1976). The water relations

o%farctic gramfnoids_héve been described by Courtin Bnd'Mﬁyo (1975), -
~ Stoner and Miller (1975), Johnson and Caldwell (1976), Addison

. (1977a,b), Miller et al. (1978), Nosko (1978), Tieszen'gg,gll (1981)

and Grulke (1983),

Alopecurus alpinus occurs under a variety of soil moisture

conditions (see Chapter II) however, it does not generally occur: in

" polar deserts, except in snowflush communities, where there is

28 . o %
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increased soil moisture (Bliss et al. 1984). This- suggests that the
" species has a low resistance to drought. The purpose of this section-

L g
is to compare the water status of Alopecurus alpinus at Cape Abernethy

and Truelove Lowland, and to determine whether the contrast1n9

physical environments-of the two study locations contribute to

(9} .

differing instances of plant. water stress.
METHODS

Leaf water potent1a] and 1ﬁ§“components were measured us1ng
Spanner-type psychromoters constructed after the des1gn of Mayo
(197?). ‘Single leaves were detached from non-flqwerﬂng tillers,
rolled end over end using forceps and lbaded into psychrometer sample.
chambers. Psychrometers were 1oaded at each study ;1te and
transported in a vert1ca1 pos1t1on to the 1nstrument she1ter at K1ng
Christian Island site 1 or the A.I.N.A. ‘base camp at Truelove Lowl and.
Water potential readings were'taken with a psychrometric

“microvoltmeter (Nestor MJ55) after a-l.5 te 2 h equilibration period
“in a water bath of known témperéture (rahge of 8-159.C). ‘Component
:potentia1s (solute + matric) were determined bj~tight1y wrapbing
‘sample chambers in aluhinum.foil and imﬁerSing’them in liquid propane
(-409C) for 10~min. Rapf8ﬂ§reezing destroys hembrahe ihtegrity‘ |
thereby resu1t1ng in a zero pressure (thréor)-potehtia1~ “After

\

warming, sample chambers conta1n1ng the Alopecurus l?eaves were._

\\
~

- re]oaded and’§1ven an_additional equ111bratlon per1od., Readings were\v'
then taken of the solute + matric potential. Turgor pressure was

determined by sUbtrac£Q'p the solute + matric potential from the ‘total

N - 5 . ' .
s “ ; )
d . 4 M L L. =
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leaf water potentiat. Psychrometers were calibrated periodfcally
using fidter paper disks immersed in a graded series of‘sooium
chloride solutions of known water potentials (Wiebe 197%).
Transpiration was measured at site 1 of each 1ocation.using 5
Alopecurus 'soo‘b10cks'inserted in cans (8.25 cm diam. x 11.5 cm deep)
The top of each can was sealed with a silicone compound (RTV 31 |
General Electr1c) so that any water loss from the can was due to
transpiration. The sod block cans were kept in. s]1ght1y wider cans
(8 6 cm diam. x 11.5 cm) that had been inserted 1nto the ground such
that sod block surfaces wou]d be even with that of the ground
Transpiration was determ1ned by per1od1ca11y we1gh1ng the sod blocks.
:we1ght d1fferences between succe5f1ve read;ngs ‘represented the amount
of water transp1red over that ‘tire period. A set of sod blocks was
used for no more than one week due -to lncrea51ng ]eaf area. After p.
\th1s period, the leaf surface area for each,block was determined by

tracing leaves on graph paper.

Leaf conductances were measured at K1ng Christian Is]and (1979)
with an aut0porometer (L1Cor 65S) hav1ng a LiCl sensor (L1Cor 2005)
" The sensor was equ1pped with a mask that allowed the sensor aperature
to fit ent1re1y over A]ogecuru 1éaVes.‘ Calibration of thlS L
‘ 1nstrument is described by Gru]ke (1983) Leaf conductances were
determ1ned for adax1a1 surfaces since stomata on th1s surface were

more numerous .

" Leaf temperatures'were measured with a network of six fine-wire
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thermocoup]es (wire°dtam. 0.13 mm) conmected in para]]e] Thermo-
coup]es were mounted om 1eaf c11ps similar to those descr1bed by
'AddlsonA(1923), Leaf clips were mounted on 1ogecurush1eaves with the
thermocouple bead in d%reot'contentthtn the abiaxial surface. _
Measurements were made at site 1 of eacn study 1ocation using a CRS
data logger (Campbell Scientific) or a microvoltmeter (Nescor MJgS).
RESULTS ‘AND DISCUSSION - A
At both study locat1ons A]ogecurus leaf water potent1als were
~ generally moderate to high through the_grow1ng season (Fig. 46)
| Duringkthe summerS‘Of 1978 and.1979, leaf water potent1a} at King
Christian Island and Truelove‘Lowland was rarely 1ower'than -1.2 MPa,
‘~suggestin§ that A]ogecuru Wdid not experience'water stress during'
’these p;rlods. Values of 1eaf water potent1a1 commonly ranged between
-0.2 and 0 6 MPa at K1ng Chr1st1an Is]and s1tes hd é§'4 to 1 0 MPa
at Truelove Lowland ‘ At K1ng Chr1st1an Island dr1er soil cond1t1ons
during mid- to late July'of,1978 (Fig. 21) were not reflected in leaf"
water dﬁgzntiais.of A]ogLeurus, as these latter-ualues were quite
.high' Other than thi‘s'period, soil matric potential over the. two

| summers was h1gh, contr1but1ng to fa1r1y high leaf water potent1als.

.- Alfhéugh leaf water potent1als tended to dec11ne 1n August values d1d .'

not 1nd1cate a stressed cond1t1on in Alopecurus leaves. At Truelove%,
ﬁLowland lower so1l matr1c potent1al in 1979 appeared t:hresult 1n'

B 1ower logecurus Teaf water potent1al A both 1ocat1ons, leaf water
‘fpotent1a1 of Alogecuru at s1fés 1 and 2 were often s1m1]ar w1th

-

’max1mum d1fferences between swtes be1ng 0 2 to 0 3 MPa..
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Figure 46. Leaf water potentials of Alopecurus at
. noon and midnight, sites 1 and 2, Cape
Abernethy and Truelove Lowland, summers
of 1978,°1979; abscissa: July 10 to.
August 19. _ . ,
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Data collected at Truelove Lowland (1978) indicated that component
potentials were variable through the season and did not appear to be
related to phenologica] stabes of the plant (Fig. 47). Low turgor

pressure corresponded to period; of high air temperature and high .
e Gapour pressure deficit-(VPD). The lowest value for ‘turgor pressure '

depicted in rig} 47 is 0.5 MPa. At this time (1200 h, Jyly 31), the
3'.?eir tehperature‘(lo cm)ﬂWas 8.302 and the VPD wes 0.35 kPa,

represent1ng the highest va1ues for these vaniables over the period of

-measurement.‘ During the time of highest turgor pressure (6.2 kPa),
the a1r temperature and VJPD were 5.8 % and 1. 2 kPa reSpect1ve1y
There was. some 1nd1cat1on that Alopecuru is able to adjust

osmot1ca11y, s1nce at lTower leaf. water potentaals, solute + matr1c

potent1als 1ncreased (F1g.h47)— At a turgor pressure of 0 22 MPa,

water pOtentlal of Alopecuru$ leaves ranged between 0.4 and 0.9 MPa,

. . - \ . . \ . e, *
Alopecurus often exhibited 1%ttlé'diurnal change fn e

water

potential Fxgure 48 1nd1cates that under cond1t1ons of high |
c»\temperature and c]ear to broken sky cond1t1ons, 1eaf water potent1a]
changed by only 0.2 MPa (July 31 1979) So11 matr1c potent1a1 at
thIS time was < 0.1 MPa. Nhl]e 1eaf water - potent1a1 d1d not appear to = |
l alter wlth changwng enV1ronmenta] cond1t1ons or to be clearly relbted
to leaf conductance a- tvme df h1gh turgor pressure corresponded to a

Per1od of Tow conductance whlle 1ow turgor. pressure corresponded to’

~
, .

re]ativ61y hlgh leaf - conductance. On “this day, the per1od of h1ghest

air temperature, VPD and leaf conductance resulted in. leaf temper-
= atures tﬁat were 3 to. 5°C above that of the air, This temperature

| difference 18 much Iower thad that reported for ‘other’ arctlc
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Figure 47,

e

Seasonal trends of noon leaf water
potential and its components in
Aldpecurus alpinus at Truelove Lowland,
1978, Water potegtials are related to*
air temperature ( C), V.P.D. and soil
matric potential.
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- Figure 48. Diurnal trends in leaf conductance,

‘ water potential and temperature of
Alopecurus related to irradiance, air
temperature and V.P.D. at King
Christian Island site 1, 1979, ’
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gram1no1ds‘under similar env1ronmenta1 conditions (Addison’19z7a b).
Low d1urnal fluctuat1on in leaf water potential and relat1ve1y high
values at so]ar noon suggest that Alopecurus was not limited by water
availability. Midday depressions of leaf water potent1als and leaf
conductance are expected when water losses through transpiration

exceed water uptake.

\

-

Drurnal trends in transp1rQ§1on and leaf water potentlal at both
study 1ocat1ons were compared jn the 1ate summer (August 12) of 1978
(F1g. 49). Transp1ratlon rates of Alogecuru s :at both locatlons were
low, with maximun values being approx1mately 0.3 g dm™% h°L,
Transp1rat1on rates at other times in the 1978 and 1979 grow1ng
seasans seldom exceeded th1s value at either 1ocation, however
measurements were not made frequently Pe{ks 1n tranSplrat1on
corresponded to peaks in air and leaf tempe;}%u33€ but did not
clearly follow trends in VPD, .Desplte s1m11ar tran5p1rat1on rates at
both locations, Alopecurus exhibited greater diurnal,wariatiOn in leaf
water potential at King Christian Island. During this period, 5011

matric potential at bbth locations was high (< 0.2 MPa). -

On Truelove Lowland relatively high transpiration rates, :

T ‘measured dur1ng a per1od of foehn winds (Fig. 50). These va
however,; were.low compared to transp1rat1on rates of otherqafc:1c
- graminoids. (Johnson and Ca]dwe]l 1976 Add1son 1977a) At .
approximately 1200 h on Augugt z 1978 a depress1on 1n transpwrat1on
rate<occurred under condltions of high a1r temperatune .and h)gh VPD.

A midday depress1on of transp1ration, despite a h1gh evaporat1ve =

256



Figure 49. Leaf water‘ pdtentia] . transpiration',
Lo and leaf temperature of Alopecurus at -
B site 1, Cape Abernethy and Truelove

- Lowland, August 12, '1978. s
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Figure 50. Leaf water potential, transpiration and
- leaf temperature of Alopecurus at
,.-l»True]ove site 1, during foehn winds.
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demand, is usually associated with stomatal closure due to water
stress. Leaf water potential and the ditference between leaf and ajr

“temperature however, did nofasuggest a stressed condition.

Arctic gram1n01ds that dominate polar semi- desert communities vary
in their ab111ty to tolerate drought (Add1son 1977a Grul ke 1983), .

Although Luzula confusa has a low re51stance to drought this spec1es .

(‘\

: did not appear to be 11m1ted by water ava11ab1]1ty dur1ng three years

(1973 - 1975) of study at Cape Abernethy (Add1son 1977a) Dur1ng this
study however prec1p1tat1on was frequent and soil: mo1sture was

COﬂSlStent]y high. M1n1muﬁ leaf water poteftial for Luzula over thfs.'s

period was -1. Z,MPa. Ph1ppswa algwda and Pucc1neha vamnata are -

- drought tolerant (Pucc1ne]1a > Ph1p951a) and in three summers (1979 -
_{1981) at Cape Abernethy, only h1gps1 exh1b1ted severe water stress ﬂ
on one occas1on {Grulke 1983) Grulke (1983) reported m1n1mum 1eaf

_ water potentlals for h199$1 and Pucc1nel1a to be -4 8 and -2.9 MPa

respect1ve1y. Alopecurus alpinus appears to be similar to Luzula in 3a

‘1ts drought tolerance and water relatlons. On King Christtan Island,
both species often occur together under s1m1lar so11 mo1sture
cond1tions. They are often codom1nant on. moist meadows and excluded

" from dry»sjtes. Both species have similar minimum water potentlals i

~(Table 37). R |
. : N\

A

y .
: e

It was expected that water stress in logecuru would be more '\, -
\ev1dent at Cape Abernethy than at Truelove Lowland Cape Abernethy '
50115 had a low water ho]d1ng capacity and the landscape was dom1nated lp

ERE

\: by semi- desert commun1t1es. Precipitation .at Cape Abernethy was
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TABLE 37. A comparison of plant‘waték"relations variables for arctic-
graminoids. - T . ] " :

>

CSPECIES  LOCATION ~ ° WATER:  MAXIMUM ~ MAXIMUM  AUTHOR &
o POTENTIAL TRANSPI- - LEAF ;
v ©(MPa)  RATION ~  CONDUCTANCE

D (@) (adno
&5‘ B : 7 MK MIN cm‘.z"s'l.)"

~ Alopecurus > - o o
- alpinus Truelove . -0.27 -1.,% ussl - == 7 This study

&

~Alopecurus - . : R g
e alpinus- . K.Cil. . -0.0x-1,40°  0.38 - 07 - This study
Ctugula == R S |
_ o confusa . K.C.I. . 0,10  -1,20 0.9 - 1.7+ Addison ]1977a
. . Phippsia - ’ . : Ce s : S
__’ . a]gida ‘K.C‘.I. N 'U.IU ‘4.80 hndnd o lob". Gru]ke 1983 :

e

Puccinelia” . . S s
vaginata = - K.C.I. -0.20 -2.90 - - . 1.5 GrulkngQ§3'

; ‘ : } . . : . . e \
Carex stans Truelove -0.40 -4,00 = 0.23 ~ ==~ Addison 1977b
e : : N . ) | ’ [§ :

k/’-\ .

'~ Carex stans' Truelove:  -U.65 =-2.26° - 0.76 v.4 ‘kﬂbskoi;978 |
T T L \ , e B ey
~ fischeri Barrow <0.05 -1,00 -~ 1,% "~ 0.3-1,0 Stoner & Miller :
T L o9 o
) PR ' .. Jdohmond& ' .-
, o e r s .. Caldwell 1976 -
CAfctophila b ol
fulva = .Barrow. . -0,10 0,90 - " -- o U2 - Stoner & Miller
R RN | 98t

’

Eriophorum  Barrdw . -0.05 =0.70° - . 0.5 MilY
Eriophorum  Barrow e \\9 {9 , S Q 5. Stoner & Miller

. --angustifolium SN R L o
Cal v o / f , o | e ‘ A e
R [ . U o * T T X | 5
S e e ” , \
B A e e
SR AP A T o e L
1'~». ] ’ ' ;e )



vTruelove Lowland (Addlson anb‘Bl1ss 1980) Th1s would result in a L

.more reduged vapour pressure grad1ent between leaves and a1r and ;?L‘

263

generally Towe than at, Truelove Lowland (Add1son and\\l1ss 1980)
Truelove Lowla s1tes were underla1n by highly organ1c s01ls with
h1gh water hold1ng capacity and the lugher vegetat1on of Truelove

sites was thought t reflett a_greater soil moisture. The water -

status ofsAlopecurUS'alpinus was;simtlar at both study locations. t“‘

‘Maximum and minimum leaf water potentials’were similar atlcape

Abernethy and Truelove Lowland (Table 37) Transplratlon rates were .

low, even dur1ng perlods of hi/h/evaporative demand desplte s1m1larly

h1gh 5011 mOlSture avallab1l1ty at both locat1ons.. Alogecuru d1d not
'
'H

exhibit water, stress at elther locatﬁon dur1ng two summers of

,observat1on{/ Water- loss fron leaves is, h1ghly 1nfluenced by VPD

‘:,

’ . - 4 L3

| (Add1son 1977a, Grulke 1983). High arct1c cl1mates are character1zed

by low VPD due to’ low air temperature and h1gh atmOSpherlC hum1d1ty.
On a seasonal ba51s Cape Abernethy has lower alr temperatures, h1gher

atmospheric humld1ty and greater 1nstances of cloud and fog than '

»“lower summer totals for transplration of Alopecuru at Cape Abernethy. |
| At Cape Abernethy, Alopecuru plants were: commonly rooted 1n mud _
~,}cracks, polygonal troughsﬁand 1n moss mats (see Plates 5 and 6) where

‘ -so1l moisture cond1t1ons are more favourable than under bare m1neral

i ; surfaces (Addtson 1977a Grulke 1983) f;ssff'fiiﬁ?‘u. ; d.#154l

QEriodic drought is l1kely to\l1mit plant production of’dong-lived

gram1noids such as Luzula where tillers live for 7 yr (Sbrensen 1941

AddlSOn 1977a5 and whole plants l1ve for up to 132 yr (Add1son 1977a). whlii -

Phippsia and Pucclnelia plants live approx1mately 24 and 60 yr f e

L



| respect1ve1x (Gru]ke 1983) Alogecuru t111ers are relat1vely
short 11ved funct1on1ng for_3eto_4 yr.v Sane 1ogecurus t111ers .';
o therefore may not be lim1ted by water aviiPab111ty dur1ng the1r 'éd
E . 11fet1me.' Soil mo1sture rare]y 1mpeded plant funct1on1ng of } R
| gram1no1ds at Cape Abernethy 1n seven summers between 1973 and 1981 .
the only ev1dence of th1s be1ng>1n 1981 (Grulke 1983) D1fferences 1n

p]ant product1on between Cape Abernethy and Truelove Low1and may not E f{h' e

&

be as str1ct1y contro]led by Water ava11ab111ty as by 5011 chem1str‘f”

4 CE SRR
‘grow1ng seasdn }ength and summer temperatures. ; Air . -1-,{;_' RN

¥
=

// » _; . ‘ 3 “ - . i ; : " . .‘ - \\ -'_, _« ‘:;( ‘ ‘:. :;;_' " .
pr transplrat1on rates of Alogecuru and 1ow 1eaf conductahces ;giie'-ff

desp1te h1gh so11 m01sture low leaf water potent1als and hwgh

o .’f ‘—. T

J;T;Af evaporat1ve demand are 1arge1y attr1buted to 1eaf morpho]og¥ of th1s »rm“e‘,rau
spec1es. M1croscop1c examznat1on of leave% 1ndicated few stomata, ,;]‘]foi;:;g

w1th most of these 10cated on the adax1a] surfade. The aﬂax1a1 *fir[haft.ﬁt;::

Il.

to water 1oss.; Leaves are commonT’“folded

I: 1ncreasing the1r resrstance t? water 1ossj
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.$paces. The presence of this spongy tissue might serve to increase

the pathway resistance to_water wffhin the leaf and may contribute to

Eﬁe observed 1ow.transpiration_ratés in A]ogecdrg . Such anatomical - ¢
characteristics may facilitaté the méintenancerf high (saturation?).
intercellular and susstomatal vapbur preSSgre and ‘may contribute to

~ the rel'ati'vely-higry leaf water pote"n}ials under various micro"c]imatic

- conditions. Tw



CHAPTER XII

SYNTHESIS

\\\\ ‘ o ‘

In recent years, 1ncrea51ng attention has been paid to the
autecology of vascular p1ants in the Canadian High Arctic. Many of
these stud1es have been conducted in arct1c oases such as Truelove
Low]and (B]1ss 1977b) and Alexandra Fiord (Svoboda and Freedman 1981)
and have offered much information on important species such as Carex

4

stans (Addison 1977b, Mayo et al. 1977, Muc 1977, Nosko 1978, Henry

1981), Dryas integrifolia (Addison 1977b, Mayo et al. 1977, Svoboda

1977, Woodley 1981), Salix arctica (Somers 1981, Woodley 1981),

Sa;ifraga spp. (Teeri 1972, Somers 1981, Stewart 1981)sand‘Cassier
tetragona (Nietfeld Nams 1981)' Although the high prinary‘

productivity of arct1c oases makes them 1mportant in support1ng large -
consumer popu]at1ons, they occupy only about one percent of the land .

area in the Queen E11zabeth Islands. ,’ ; ’ o

\“_:

. S
-The barren landscapes of the. Western Queen Elizabeth Islands are

more représentative of the.Hign Arctic? To better,understand plant
adaptations to these more severe environments, a series of ecological \

stud1es was undertaken 1n the v1c1n1ty of K1ng Christian island.

| Research has 1nc1uded 1nvest1gat1ons of root growth (Be]l and Bl1ss

1978), reproduction’ (Bell and Bliss 1980) plant commun1t1es and —

producthity'(Bfiss and Svoboda 1984), and the autecology of_dom1nant

266
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species, inciuding Luzula confusa (Addison 1977a, Addison and Bliss
. =5 v :

1984 ), Phippsia algida and Puccinelia vaginata (Grulke 1983) and two

forb species (Papaver radicatum and Ranﬂn;u]us,sabenei) (Sohlbeny

1983).

Alopecurus alpinus occurs in both oases and in semi- deserts This

species is an 1mportant component of semi- desert commun1t1es in.the

Western Queen Elizabeth Is1ands, where it is commonly dom]nant.
Alopecurus is far less common in undisturbed tundra communities,
however 1t becomes dominant in many natural or human- caused
disturbances. This study was undertaken to provide 1nfonnat1on on the
adaptatdons of Alogecurus to sevéreVSemi-desert environments and to |
‘compare th1s to' responses of Alopecurus to ameliorated climatic
cond1t10ns at an arctic oas1s. Prev1ous research suggests that i
5' logecurus is.a speC1es worthy of further study, be1ng tolerant of
toxic metals (Smith and James 1979) and acid som]s (Bliss and Svoboda
. 1984); rapid]y colonizing djsturbed sites due to rapid]y'elougating
»-and deeply penetrat1ng roots and prolific vegetat1ve reproduct1on
:(Bell and Bliss 1978)) and exh1b1t1ng extremely high product1v1ty in
areas of soil nutr1ent~enr1chment and‘d1sturbance (Babb 1972, Eurola
and Hakala 1977, Bell and Bliss 1978, Elliot'and Svoboda 1981). such ..,
character:st1cs ‘make Alogecurus a potent1a1 revegetat1on spec1es for
rec]mnat1on or. stab1l1zat1on of disturbances 1n the H1gh Arctjc (Bl1ss
1978, 1980). o | |
5 This study washbased on the assumptfon that Truelove Lowland -
voffered a mofe favourable}environﬁent foe p]ant'growthﬂfhan‘did Cape,

*
7
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Abernethy. That this assumption is valid over|the long term, is

/ d . ot
upported .by the greater plant diversity and productivity at Truelove -+

‘Lowland. Gver the per1od of this study, the summer climate of
True]ove Lowland was character1zed by higher rad1at1on higher mean
temperature, more grow1ng degree days,: a longer grow1ng season; higheh
orec1g1tat1on lower cloud cover and 1ower w1nd speed than Cape X

Aberhethy. Cons1derab1e annual var1at1on waS‘ev1dent however making

d1fferences in some cl1mat1c var1ables between the two locations,

greatly reduced. Due to a partwcular]y cool summer- of 197
ﬁformer location, degree days@at Truelove Lowland 90) (J ly 1 to
mid-August) were lower than at Cape‘Aberneth}'(£03) Degnee days for
thekmOnth'of July were Qreater'at.tape Ahernethy than at Truelove_*
Lowland for‘two-of,the three summers.of study. CLou& cover at both
locations was'similah foh the suhmer§ of 1978 and 1979; but was

- . ° ' . i VAN

\'greater at Cape Abernethy in 1Y80. Such annual variation in summer

climate suggest the need for long term}infonqatioh?ih descriojng-

“arctic climates and in'relating plant responses'toﬁc]imatip'vahiables.fi

”

, At both locat1ons, s0i1 mo1sture ava1lab1l1ty to Alogecurus was

h1gh as supported by h1gh seasonal values of soil matric potent1a1_
and AlogecurSe 1eaf»water potential.” Most available s0il nutrients’

were as high or.hiéher in Cape'Abernethy sdils as in undisturbed” = =

Truelove Low]and so1ls.' Trueﬁove Low]and soils had much greater ‘

organlc matter and total n1trogen content and unlike Cape Abernethy

!sovls those at Truelove had _some detectable nitrate.: ‘Although levels ﬂ5

' ~ of available 501B nutr1ents were s1m1larly low 1n und1sturbed s1tes at

both locat1ons logeCUru at Trueloye Lowland sites exhibited greater . |
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cover, shoot. dens1ty, percent flower1ng, stand1ng crop and above- and

below-ground standlng stocks of N and P. The growth of Alogecurus at
both locat1ons was greater on d1sturbed than on und1sturbed sites.
The major phys1ca1 difference between d1sturbed-and undisturbed sites .

was that the former had higher levels of_avaiiable phosphorus;

‘ On Truelove‘LowIand4 Alopecurus had an erect growth,fomn,.however )
Lat Cape Abernethy, growth“form‘ranged from erect to prostrate with |
g,fncreasing site‘seVerity;" This characteristic was,based on visual
observat1on as leaf and culm ang]es were not measured At Cape

Abernethy, Grulke (1983) reported that as site cond1t1ons became more

severe Ph1pps1a aqudél«and Puccinelia vaginata became more prostrate,~"fz

A greenhouse treatment s1gn1f1cantly 1ncreased the leaf and culm
ang]es in h1ggs1 a but th1s efifect was less pronounced in Pucc1nel1a.:
She also found that the add1t1on of n1trogen fert111zer tended- to
f}'1ncrease the leaf ang]e in these grasses, whereas phosphSrus
errt111zer tended to decrease them. It is unclear to what relat1ve

extent temperature, so11 nutr1ents and_ S0il mo1sture affect the growth

- form of Alopecurus. Alopecurus adopts these d1fferent'growth forms in
1response to local env1ronmenta1 cond1t10ns w1th no change in b1omass .
‘-per plant (M1tche11 and McKendr1ck 1975) and with 11tt1e change 1n
'tissue;concentrations‘of;N and P, fﬁthbtt]ng such;phenotyp]cv‘ /
"‘;plastjcityrwith no'reduction'in resource accumulatjou,Cg{ffTButes toc

the abil;ty of Alopecurus to occupyvdiverse‘habitats; SN ;.dt-

The'reSponse'of Alpecurus to soil nutrient enrichment was.

;different under harsh and ameliorated‘climat{c”conqjtions.‘ In both



;51tuat1ons the plant surface area 1ncreased Under favourable ‘ -
'cl1mat1c cond1t10ns at Truelove Lowland th1s was achteved by an

' :1ncrease in leaf length and culm he1ght Comparlng lopecuru plants

: ‘at an enr1ched‘s1te (Thule camp) and at Truelove s1te 1, culm he1ght
C‘and lengths of - 1nd1v1dual leaves averaged 4 1 and 1 2 cm longer

resp t1vely (both p < UUl‘fa? the former 51te. At Cape Abernethy,.

,},where long tenn cl1mat1c cond1t10ns are more severe\\xlOQecurus _

) max1m1zed photosynthet1c surface area in nutrient enr¥ched 501ls by

. g&w

}developmg leaves thaSwere; up to 1.8 mm wider (p < 001) than at KCI

L3 /‘\ 9
—1ntens1ve s1tes’ Increases in leaf length and culm helght were small

compared w1th those at Truelove Lowland - This habit 1S‘advantageous
to logecuru 51nce under harsh cl1mat1c condltlons, leaf surface area
is 1ncreased yet the plants remaln in a more favourable thennal tj

-

' env1ronment close to the ground

Assumlng that the percent cover and b1omass of Alopecuru or: |
_generally of total vascular/plants, reflects the stress 1mposed by |
'phys1cal slte cond1t1ons on plant growth then the descendlng order of
ﬁ}severity among the four 1ntens1ve sites .is KCI s1te 1 > KCI site 2 >
E Truelove s1te 1 > Truelove site 2. Follow1ng the same 51te order

. logecurus cover 1ncreased 2 3, 4. 3 12 U and 50 5%, as d1d total

2

_blomass 3 1 4 9, 18 1 and 286.7 g m Root to shoot rat1os~of

' logecurus generally followed a: reversed trend tend1ng to decrease

«ilwlth decreas1ng s1te sever1ty, 0. bl 0 43 0 43 and 0 37 following
,the same s1te order as above. ThlS pattern was s1m1lar to thatgfh;wn

: -3
',by Bell and Bl1ss (1978) who reported that root to shoot rat1os of

loggcuruSpdecreased from 0 61 to 0 38 in g01ng from a dry to a m01st :

. meei5§+
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meadow, They al%o'reported similar trends for Luzula nivalis and the

‘forb Ranunculus sabinei. Cbapin (1980)?indtcates that increasing the
.proportion of btomass a]located to roots is a common‘reSponse of

~ plants that grow in stressful envirbnnents;iﬂ'

\Idcreased carbon allocatioa to A]ercuru roots OCCurs at the'
exﬁense of shoots. The proportion of b1omass part1t1oned as rhizomes ;
‘remained fair]y constant over varied 51te cond1t1ons. Allocat1on to
rhizomes varied by only §%>0f the,tdta] biomaSS'amthche four
Cintensive sites. ﬁegardﬂess of site cohditiohs,rthe prOduction of
Viable'seed by high arctic populations of Albgecurusbﬁs'rare.

' Vegetatiye‘reproduction'is.equalljvimportadt for the sdrvival of @
ATercurus'intboth semi-desertVand tundra cdmmunities: ,Partitioqing a ‘}
conStant“prOportion of its total biomass as rhizomes ﬁdd]d thére;ore

LY
j allow logecurus (o grow successful]y under varied env1ronmenta]

.cond1t1ons.

In uhproduct1ve habltats it is 1mportant that plants max1m1ze
'the1r root surface area to -assure an adequate 1ntake of 11m1t1ng B
3 resources.‘ At Cape Abernethy . and Truelove Lowland respectlvely,,

Alopecurus had max imum root e]ongat1on rates of 11.9 and 8.5 Tn per . 7T g
week, and mean~root1ng depthsvof 18.5 and'13 4 cm (average ofjsdte 1 o
.and 2) during;tﬁe sumﬂer‘off1979 ' D1fferences in root. e]ongatlon rate
‘between the two 19cat1ons appears. to be due to temperature as
True]ove Lowland exper1enced a cool summer, w1th fewer degree days
'than at Cape Abernetﬁy, th Cape. Abernethy, Bel] and B]lSS (1978)

k1

‘reported a max1mun root, 1ongat1on rate for 1ogecuru of 7. 3 mn per :




&

week, these measurements being taken in a cooler summer' (1974) than in

this study (1979). Bell and Bliss indicated that the mean sumneri
elongat1on of the main root of Alogecuru (25 6 mn) was greater than

that of other.gram1no1d$ at the same locat1on, such®as Pucc1ne11a

vaginata (17.9 mm), Phippsia algida (14.8 mm), Luzula nivalis (4.6.m)

and L. confusa (5.0 mm). In the‘same'study, Bell and Bliss found that
in a moistbmeadow, roots‘of most-plants penetrated no deeper than 6

" cm, whereas Alopecurus rooted to a depth of 15 cm.
: .
AN

Rapidly elongating and deeply penetrating roots are probably a key |

| ESCt°r~i" the dominance of Alopecurus in many semi-desert’cogﬁdnfties.
Such rooting‘characteristics,~togethervwith the tendency'of &his

spec1es to increase the proport1on of carbon a110cat1on to roots with'
1ncreas1ng s1te severlty, contr1butes to the ab1l1ty of A]ogecuru to
"ma1nta1n_2&3h tissue levels of 11m1t1ng resources such ‘as N and P when

5011 levels of these nutr1ents are extreme]y l1ow.

At both 1ocat1ons the growth of A]ogecurus was greatest on -

disturbed and nu§r1ent enr1ched 51tesf Greatest plant growth occurred

L

| where soil’ phOSphorus was. h1gh on s&ch sites, logecurus accounted
Afor'ou to 95%‘(:ota] plant cover 9U-100%) of the” vascular’ plant cover.

ne\ﬁlogecurus occurred on genera]]y undlstupbed and Tess fertile -
s1tes, 1t usua]ly compr1eezdg to 70% of the vascu]ar cover (tota1
,cover 2 20%) On Truelove Lowland Alogecurus somet1mes formed almost
_pure stands around 1emm1ng burrows and b1rd perches. In. some quadrats
on, o]d vehicle tracks and on the marg1ns of 1ce-centred polygons,

1ogecuru was the on}y vasuclar,§pec1es present and had up»to 100%

72
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icoyert'w
lopecurus had h;gh cover va]ues in a Thu]e encampment and on
veh1c1e tracks, but was not present in surround1ng und1sturbed tundra. ,,i
This was also shown around\b1rd perches at A]eﬁindra Fford (E111ot and
Svoboda 1981) and sea b1rd co]on1es at Svalbard (Eurol hd Haka]a
. 1977) A]opécuru “thrives in these d1sturh?nces and yet does not

exist -in surrounding und1sturbed commun1t1es, suggest1ng that

\1ncreased 5011 nutrient status 1mproves the compet1t1~e ab111ty of
\
this SpeCIeS. Competition is suggested by ‘high product1v1ty and 1ow

spec1es diversity. Alopecurus is somet1mes the " on]y, or’ one of a few
' ]

species present, under cond1t1ons that would be’ expected ‘to promote.

-

Both natura] and . human-caused d1sturbances of arct1c so1ls tend to

‘the growth of most arct1c plants,
oA ; ‘ :

~1ncrease nutrient ava1]ab111ty to plants (Chal]1nor and Gersper 1975
? berSper and Challinér 1975, Babb and Whitfield 1977 Chapin and Shaver
3 1981) - Increased nutr1ent avallab1l1ty results in changes in plant
‘;;;allocat1on patterns, product1v1ty, ‘dominance, spec1es dlver51ty, and-

]where plant product1on is extremely h1gh; compet1t1on. H1gh 5011

nutr1ents may increase spec1es d1vers1ty, but over t1me 1arge f 'f)

nutr1ent 1ncreases may eventually 1ead to 1ow d1vers1ty due to the = -
\

ab111ty of ‘one or more spec1es such as Alopecuru to account for a vj

- disproportionate share of limiting resources; Th1s supports the v1e -
of Gr1me (1977) and the findings of"del Moral (1983) that '

\ L
'd1vers1ty is obta1ned at 1ntermed1ate levels of product1v1ty since a

complete domlnance of one or more species is likely to inhibit



‘diversit; in ‘highly productive situations. )

(\ | »

-

B

Although the'growth of ‘many arctic plants is improved with»greater
[+
nutr1ent availability, lopecurus and certa1n other: gram1no1ds such as

Arctagrostas lat1fol1a and Poa arctica, both of which often occur with

Alopecurus at Truelove t0wlandf,are eSpec1ally respon51ve to soil

nutrient 1nputs (Babb 1972 Younk1n 1974, Shaver and Chap1n 1980) On g

such sites, logecurus often dom1nates, somet1mes fonh1ng pure standsJ

»

“and exh1b1ts much greater growth than on adJacent undlsturbed sités.

Alogecurus is .not compon 1in und1sturbed commun1t1es at Truelove s

Low]and yet dom1nate;

in d1sturbances where so1l nutr1ent
ava1lab1l1ty 1s relat1vely high. Th1s suggests that Alogecurus has a:
low competitive ab1l1ty but that th1s ab1l1ty 1s]greatly 1ncreased B

with elevated nutr1ent ax\:labil1ty Shaver and Chap1n (1980)

-

concluded that spec1es most respons1ve to fertlzlzer are those that

‘are llkely to, be uncommnon 1n und1shurbed vegeta/1on. The effect of
increased soil nutr1ents on the growtﬁ of lopgcuru is summar%%ed in

Fig. 51. R oY _//,

. .
-/ : ; ! ’

In sem1 -desert commun1t1es, such as those at Cape Abernethy, -the

o

growth of Alogecurus is also greatly st1mulated 1n dlstucbed and
nutr1ent enrlched sites. Unlike the s1tuat1on at’ Truelove Lowland
‘however logecurd f: cannon and often dom1nates in undxsturbed

h commun1t1es. Compared w1th tundras sem1 -desert commun1t1es are B
subJected to harsher phys1cal env1ronment that results 1n much lower *1
- plant cover, and above- and belowground plant productlon. In such

- hab1tats canpet1t1on 1s greatly reduced and perhaps often



~ Figure 51. Promotion of A]ogechrus-'gromh"by" increased soil
R nutrients. - No or 11‘t't1e\_effe'ct is denoted by
(0)." A1l other interactions are positive (+).

?5

] .
Y
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- charaCteristiCS allow it to dominate.

'j198U) The 1nab111ty to . produce v1ab]e Seed cou]d suggest that ‘

/ . _" .‘ . . g ) .

e

. from these infertile sites but ,rather, this species' Stress-tolerami

The predom1nant method of reproductlon of A]ogecurus and of most

other gram1no1ds that are e5pec1a11y respon51ve to elevated 501} ‘
e

nutr1ents, is by rhlzones. Many rhlzanatou&\grmn1nolds have been

1

shown to rarely produce mature seed 1n the ngh Arctlc (Bell and Bl1ss
e ]

logecuru is poorly adapted to northern 1at1tudes., However 1n an'f*il

’env1ronment character1zed by so many. factors wh1ch 11m1t p]ant growth

1non-existent. A low cbmpetitive-abi}ity does.not‘éxc]ude‘Alogecurus ‘2

N i

277

:(e g. low temperature short grow1ng season, 1ow 5011 nutr1ents) it 1s'i_<}

i1nto one reproduct1ve strategy rather than 1n two. If Alopecurus

°'th1s would be done so at the expense of a we]] developed e ot1ng
'system that is needed to max1m1ze the absorpt1on of 11m1ted 5011

nutrlents and to a 1esser extent water, and of the photosynthet1c

‘ -

grow1ng season. Vegetat1ve reproduct1on 1n A]opecuru 1s proT1f1c 1n-g,v
. ‘.d1sturbed s1tes, as ev1denced by extremely h1gh shoot dens1t1es, .A: ‘

rh1zqmatous hab1t ensures that new t111ers are formed every grow1ng

-0 - '/'
season whereas part1cular1y ‘cool and short summers may not allow

; ob11gate seed producers to reproduce th1s cons1st tly (Gru]ke 1983) o

Under part1cu]arly harsh cond1t10ns where two or more. cool s ers

may occur 1n succeSSIOn vegetat1ve reproduct1on 1s adv ageous._g
P

Sexua] reproduction may be reduced 1n cool, short-sumners,?seeds'mayef

. a;".

S ow

- perhaps more useful for a plant to- 1nvest l1m1ted resources and energy"

.apparatus that 1s needed to prov1de energy for rap1d growth 1n a shortf"

-'f:conSIStently-Jnvested‘energy 1nto vegetpt1ve ‘and sexua] repr duct1on b -



N

. | 278
» . T ” “ .
\3"

not mature or ripen, viable seed may not germinate in the following

sgemer and seedling mortality may be High New til]ers of

rhizomatous species have the advantage of a phys1olog1ca1 "1ink to‘more

mature tillers and are therefqre 1ess suscept1b]e to morta11ty

“Prolific vegetative reproduct1on al]ows Alogecuru to rapidly stabilée_

disturbed areéswby'rapidly achieving high plant cover. -A reliance on

vegetative reproduction therefore appears to be advantageous to

Alopecurus-in an unpredictable environment.

Grime (1977, 1979) def1ne§\three primary p]ant strategies; *
compet1t1ve (C), which predom1nat/; in und1sturbed 1ow stress
(product1ve) habitats; ruderal (R), characteristic of low stress but .
chroﬁical]y“distqrbed habitats; and stress tolerant (S), which is ‘
found in unaisturbed, hjgh stress (unproductire) habitats. ;Plants‘
selddﬁ eiﬁibit‘pure stratégies, since produ<;TV?ty and disturbance
interact, to varying degrees* rather they ten ’te adopt secoﬁdary
strategies that c0n51st of combinations 9( any two, or all three
pgimary';trategies. - ‘ . - | o ™.
The extreme nature of_h?gh arctic énvironments has genérallj

While all arctic plants must

selected for stress-tolerant species.
exhibit'sdmef;eygeesbf«stress tolerance relative to their temperate

counterparts, some species exhibit strategies other than

.stress-tolerant. Grulke (1Y83) described Phippsia algida as a ruderal

“species, since it colonized bgre soil maintained by needle ice, and

‘because of large seed production in most years.



- At Capé Abernethy, A]ogecurUs was c]ear1y an S-strategist, Lo

ocsurring On‘acid sbi}s (pH 4, 2 4, b) “having no competition for
resources, and produsing no v1ab1e.seed during this stug&. AStress‘.
tglerant species'tend to be poor_cdmpetitors (Grime 1979, de] Mord]
1983). At Truelove Lawland the poor competitive ability of Alopecurus
exc]uded this species from. product1ve undisturbéd tundras.

Canpet1t1on was not quantified, but assumed to ex1st due to h1gh p]ant
product1y1ty on sites having limited resources such as.;v§11able N and

P, and to the deminance of one‘species'in several of the most

producrivé communities. On d1sturbed s1tes at Truelove Lowland,
'1ncreased soil nutr1ent ava11ab1]1ty appears to. 1ncrease the

" competitive ability of Alogecuru - On many such sites, the

product1v1ty of Alogecurq ,1s hlgh and vascular species diversity .is
often low. It thereforeoappears tﬁét Aiogecurus, in keeping with its o
highly plastic response to different physicsl enviromnents,‘ ' '
shifts frqn_a‘predominanti§ S-strategy to a C-S-strategy in the-

présence of high soil nufrients. As proposed in Table 38, a sh1ft to

a C-S strategy, altLough a direct response to increased so11

nutrients, is influenced by the ameliorated c11mat1c conditions-at
Truelove Lowlahd. Higher temperatures and a longer growing seassn are’
thought to also increasé nutrient avhilability by incréssfng:ﬁicrobiaf
activity:“/?ETsDWOU]d 1ncrease the rate of nutr1ent turnover, the '. .
m1nerallzat132/ f n1trogen, root-m1crobe assoc1at1ons and n1trogsn ‘ -

fixation by blue-green algae.

0f the four intensive sites examined in this\study,,tﬁe

-ice-centred polygons at Truelove Lowland supported the greatest growth
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Table 38. Proposed response of Alopecurus alpinug'in primary strategy
‘and relative importance to climatic aﬁﬁrlimiting soil
/nutrieﬂt conditions. : ‘ . .
] CLIMATE ., -
K L SEVERE . AMELIORATED -
© (CAPE ABERNETHY) (TRUELOVE LOWEAND)
' — . L ’ L
" NUTRIENT LEVEL
N . y ) ' R - ‘ : C
HIGH (DISTURBED S&TES) l. Stress-tolerant ‘1. Stress-tolerant’ - .
L « I o . Competitor
Lo \~/Z/ . 2. High . 2. High
e 3. High - 7 3. High
4. Low . ; 4, Low .
LOW (UNDISTURBED SITES) 1. Stress-tolerant 1. Stress tolerant
2. Low ' ' 2. High
‘7 ’ \q
3. Low - Medium . 3. Low "
4. Low - Medium _ 4, Medium - High
’l.gPrihary strategy (Grime 1979)',
. ’ : o —

2. Total vascular plant cover -

‘3. Cover oflAloEecurus

W&4. Vascular species diversity

\
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of A]opecuru - This site had 1arge popu]at1ons of Nostoc commune

(Babb and wh1tf3e1d 1977),.one,of the maqor n1trogen—f1x1ng‘organ1sms

' rat TruelovevLowlandi(Stutz 1977).: Jordan‘gt}alL‘(tQ78) reported that
this'site had high microbfa]~activity, with'espectally 1arge
}’popu]at1ons of n1tr1fy1ng bacteria. 1opecuru' waS'most;abundant on 7‘
polygon marglns, where the depth of thaw was greater than at any other
portion of the po]ygons.‘ Soil tempera%ures were on the average, up to
3° C greater in the top 10 cm of the active layer than at Truelove

i s1te 1. Relatively high 5011 temperatures would promote m1crob1a1

:1 act1v1ty res lt1ng in h1gher nutr1ent ava11ab11ty to Al opecurus.

: Mtller and Lhursen (1978) and B]lss*Wmnpub11shed data) have shown
‘that Alopecurus oots are common]y assoc1ated w1th mycorrh1za1 fung1.
| Such assoc1at1o s ‘extend the root surface area of infected plants and
. prOmpte.rap1d5 ansport of otherw1se s]owly d1ffus1ng so1h‘nutr1ents
.(Chaptn~1980) 1opecuru roots were also shown to be assoc1ated with
n1trogen-f1x1ng bacter1a at both 1ocat1ons. -Although’ acety]ene/
reduc1ng act1v1ty (ARA) was not detected 1n th1s Study, 1t'7s;;

: hypothes1zed that A]opecuru may be suppl1ed with nltrogen through

th1s assoc1at10n when so11 temperatures are re]at;ve]y h1gh. ARA wa's

e

A }'exam1ned only on re]at1ve1y cool and cloudy days when.so11

temperatures were much Tower than on warm, sinny days. If

Py

’ &
rh1zospher1c n1trogen fixation- does occur in A]opecurus ‘this- wou]d be

an 1mportant adaptat1on to nltrogen 11m1ted env1ronments._

'y

b

1opecurus appears to be eff1c1ent in acqu1r1ng and perhaps

- econserv1ng_n1trogen and phosphorus. A compar1son of t1ssue nutr1ent



content in 1opecurus indicated that although seafonal annua] and

's1te var1at1on was ev1dent overall shoot concentrat1ons of N and P 1n

'plants-fran both study locat1ons was s1m11ar. Despite more severe .

env1ronmenta1 cond1t1ons at Cape Abernethy, max imum va]ues for shoot N
~and P were_greater here than at Truelove Lowland._ Max1mum tissue

-, concentrations of these nutriends were greater for the two Alopecurus:

| populations in this study, than for various graminoid species at

Barrow,\Alaska (Chapin et al. 1975)

"

X

‘Seasonal soil mofstUre availability was similar at‘both'locations.‘

T~

dur1ng this study, as were max1mum and minimum vé]ues of Alopecuru

leaf water potential. ‘At both 1s]ands transp1rat10n rates of

.

1opecuru were 1ow compared to reports for,other arctic gram1no1ds

N

even durlng perlods of h1gh a1r temperature radmatjon and VPD. At

Cape Abernethy,-max1mum conductance va]ues for Alopéturu were lowér(

than values reported for Luzu]a confusa Ph1pps1a a]g1da and

* Puccinelia vag1nata at this same locat1on (Add1son 1977a, Grulke -

1983). . The comb1nat1on of Tow transp1rat1on;“low.conductanCe,

_relat1ve1y h1gh leaf water potent1a1 and relat1ve1y ]ow leaf

temperature 1nd1cates that Alopecuru was not water stressed

Alopecuru appears conservatlve 1n its. water use. This species=

'had a lower max1mum tran5p1rat1on rate at Cape Abernethy than at

_ Truelove Low]and ‘However, at both 1ocat1ons 5011 mo1sture and Ieaf
- water potent1al were s1m11ar]y h1gh and VPD was 10w. Cape Abernethy
-'exper1enced extended per1ods of weather cond1t1ons that in the

i'presence of adequate,so1l m01sture,_shou1d have promoted high

282
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transpiration rates. . Lower maximum transpiration rates suggest that

the-semi-desert popuJation of Alepeclirus may be more water-conserving -

‘than at Truelove Lowland, L - /

As fndicated by high'soil matric’potentia1 high 1éaf water
‘ poteht1a1 and small leaf-air temperature d1fferences, so11 mo1sutre

did not appear to be 11m1t1ng to A]ogecuru at efther location. Over

a longer tenn p]ants at K1ng Chr15t1an Is]and are perhaps»more'likelya

to exper1ence drought due to Tower prec1p1tat1on and lower so1l water
i

ho]dlng capacity. However hlgher 1nstances of cloud and fog promote

higher atmospheric mo1sture at Cape‘Abernethy. Th1s together w1th

lower mean . a1r temperatures would result in a Tow: VPD which would

reduce the rate of water .loss, from ]eaves.

A conservatfve water use bj/ ]ogecuru is fac111tated by 1eaf
y 3 ¢

morphology and perhaps anatomy. Compared with other arct1c grasses

‘Alopecurus has few stomata (Vikhereva-Vas11 kova 1965), most . of these

”being located on the adaxial surface. Thls surface 1s deep]y r1dged
caus1ng an 1ncrease in the boundary 1ayer res1stance to water loss, as
wou]d the tendency of - A]ogecuru ]eaves to fold 1nward. |
Vekhereva Vas11 kova (196b) descr1bed star-shaped 1obed ce]ls that
form a Spongy tlssue 1n the 1nterce1;‘*9r .spaces of A]opecuru 1eaves.

. Such shaped cells have a hlgh surface to volume rat1o. By occdpylng

n -,1ntrace1lu1ar spaces, th1s t1ssue may 1ncrease the 1nternal leaf

‘*re51stance to water movement. L

A

' Alopecurus does not appear to be ‘a droughtrtolerant speé\es, as itu
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\ .
is excluded from extremely xeric sites}\ Where it does occur in polar

desert regions, it usually does ) alons\seepage areas\where soil

moisture is high. In- the Canadian and Green]and H1gh Arcttq.

\

Alopecurus commonly occurs innlate-1y1ng snow banks (Seidenfaden and
. . - ' E - Lo ]

Sprensen 1937, Polunin 1948, Drury$1962, B]iss et al. 1984) where
p]ants sacrifice. an extended drowing season, for4increased‘soil
moisture. | | |

- o~
C L -
o

A\

[y

e Characteristics of A]opeourus at both study locations are compared
to other high arctiC»graMinoidS'in Tab]e 39, lercuruSJOften occurs

"with Luzula confusa at Cape Abernethy and to a lesser extent . at

Truelove Lowland Both spec1es rely on vegetatjve»reproduct1on and

| are conf1ned to s1te5 hav1ng adequate $o1] mo1stuFE“‘fEI§Egg%Fg§ and
h1pps1a occur‘to§Ether on some semi- desert 51tes, however Ph1 sr 15

| more drought res1stant and a]so 'OCCUFS. on.drier s1tes. Alopecutu
-"““ d1ffers sharply from P h1pps1a and Pucc1ne]1a in its method of |
| reproductjon and in its ab111ty to produce viable-seed. A]ogecuru

and Qgggﬁ,gggggsonetimes overlap in disturbed‘tpndres on Truelove
| Lowland. Although both3species heve a Iow‘resistahce to drought

A]ogecurus is genera]]y found on more mes1c s1tes as opposed to the.

N

Despite the different'ehvironmental conditions at the two study

~hydric s1tes dom1nated byeCarex.

locat1ons many character1st1cs of the two Alopecurus p0pu1at1ons were
' 51m11ar. Among these were s1m1lar1t1es in leaf water potent1als
) transp1rat1on rates t1ssue N and P concentrations, b1onass per plant

and carbon allocat1on to rh1zomes. Noteable differences. occurred in

2\
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,biome§s per unit areé,:growth fenn end percent fTerring.
_ . . .
~ The short duration of'the‘tréﬁsblant‘studies limits genera]izatien
of the degree of phenotyp1c plest1c1€} versus ecotypic variation in
Alogecurus. Th1s §$ec1es is h1gh1y plast1c, exhibiting different
growth_fonns.and'respond1ng d1fferent1y tp soil nutrlent enr1chment 

under varied climatic regimes. It is not‘kndwn to what degree these
“traits eheegeneeically fiXed or Qhether‘these respo6ses are merely
.4Caused by-]oeqi environmenta]-conditions; Phenoeypic plasticity
_'ailoWs-Alogecust to occup& diverse habitats in the High Arctic.

D
/

"_A]oéecuruS'appears weT]eadaBted tB'sevére environments. This
eﬁspecies'abpeerslefficient in itS'acquisitien and use 6f'nitrogen,
phosbﬁords*ﬁhd‘water‘ resources that are characteristically 1imfting
in the H1gh Arct1c. Even character1st1cs that are cons1dered poorly
‘.adaptlve, such as the rellance on vegetat1ve reproduct1on may be an
eadvantage rather than a detr1ment to Alopecurus.. Th1s spec1es is able
to tolerate severe’env1ponmenta1_stress end yet-under certain
'eonditiOns, can be a hibh]y_preductiye cpﬁpetitor; ab]ebtobexclude v
mbet'othef vaecular‘speéiesgf.‘” | | |

o



[
o

o

'LITERATURE CITED

E : : , e
Addison P.A. 1973, Stud1es on Evapotransp1rat1on and Energy Budgets
~in the High Arctic: A Oomparison of Hydric and Xeric
Microenvironments on Devon Island, N.W.T. M.Sc. Thesis,
Laurentian Univ., Sudbury. 119 pp. ‘ '

 Addison, P,A. 1977a, Autecological Studies of Luzula confusa: A

Plant's Response to the High Arctic Environment on King Christian. .
Island, N.W.T. Ph.D. Thesis. Univ. of Alberta, Edmonton. 160 -

PP

Addison, P.A. 1977b. Studies on'evapotranspiration'and energy- =
budgets on Truelove Lowland. pp. 281-300 In Bliss, L.C. (ed.).
~Truelove Lowland, Devon Island, Canada: A High Arct1c1kxmystem

* Univ. of Alberta Press, Edmonton. 714 pp.

Addison P.A. and L.C. Bliss. 1980. Summer climate, microclinate and

energy budget of a polar semidesert on King Christian Is]and
N.W.T. Canada. Arct1c and Alpine Research 12: 161-170.

,Add1son, P A and L.C. Bliss. 1984. Adaptat1ons of LuzuTa confusa to ’

~ the polar semi- desert Arctic 37: 121~133.

Ahrnsbrak, W.F. 1968. Summertime radiation balance and eneryy budget
of the Canadian tundra. Technical Report No. 37. Dept. Meterol.
Univ. of N1scons1n Madison, Wisconsin. 50 pp. -

f. ATeksandrova V. D 1980, The Arctic and Antarctic: Their Division

into . beobotan1ca1 Areas. Cambridge University Press, Cambridge.
247 pp. A C SR

o #,7

rjAlexander V. 1974 A synthes1s of the IBP Tundra Biome c1rcumpolar

study of nitrogen fixation. pp. 109-121 In Holding et al. (edsw).
Soil Organisms and Decomposition in Tundra. Tundra B1ome gteer1ng
Comm1ttee, Stockholm gweden. 398 pp

Alexander, V. and D. Schell.’ 1973. Seasona] and spat1a] var1at1on of -
n1trogen fixation -in Barrqw, Alaska tundra. " ‘Arctic and Alpine
Research 5: 77 88. F

Alexander, V., B1lT1ngton M. and D. Schell 1974, The influence of
abioticvfactors on nitrogen.fixation" rates'in Barrow, ‘Alaska,  —
Arctic tundra. “Rep; Kevo Subarctic Res. Stat. 1l: 3-11.

Alexander, V., B1IT1ngton M. and D‘M.'Schell 1978. Nitrogen

. f1xat1on in ‘arctic and alpine tundra. pp. 539-558. In Tieszen,
- L.L. (ed.). Vegetation and Production Ecology of an Alaskan -
: Arctic Tundra. - Spr1nger-Ver]ag.' New York.” 686 pp.

Allen, E.K., Allen, 0.N., and L.J. Klebesadel. 1964.. An’ 1ns1ght into.
$  symbiotic n1trogen fixiny plant associations-in Alaska. In
Dahlgren, G. (ed.). Science 1n,ATaska., Proc.’ 14th ATaska Sc1ence-

87 .



288 -

Conference. Anchoraye, Alaska. 54pp.

Anderson, J.E. and S.J. McNaughton, 1973. Effects of low temperature
on transpiration, photosynthesis, leaf water content and growth
~ among elevationally" d1verse plant populatlons. Ecology. 54:
- 1220-1233. , . .

Anderson, J.P., 1959, Flora of’Alaska and Adjacent.Parts of Canada.

, lowa State University Press. Ames, Iowa. 543 pp.

»

Atmospheri¢ Environment Service. 1978-1980. Monthly Record.
Meteorological ‘Observations in Northern Canada. Volume 63, 64,
65. Number 6, 7. (Ju]y-and,August). Environment Canada,
DOwnsview,,Ontario '~44§K B ' . o

Babb T.A. 1972. The Effects of Surface D1sturbance on Vegetat1on in

the Northern Canadian Arctic Arch1pe1ago.” M. Sc.‘Thes1s Univ. of
A]berta. Edmonton. 71 PP

»-Babb T A and L C B}1ss. 1974, Suscept1b1]1ty to env1ronmenta]
lmpact in the Queen E11zabeth IsTands. Arctyc 27: 234-237.

' .Babb, TvA. and D.W.A.. Nh1tf1e]d 11977, Mineral nutrient cycling and
limitation of plant growth in the Truelove Lowland: ecosystem pps
589-606. In Bliss, L.C. (ed.). Truelove Lowland, Devon Island ‘

‘Canada A H High Arctic Ecosystem Un1v of Alberta Press :
Edmonton. 14 pp. i v .

Bain, J.F. 1983. A Blosystemat1c Study of- the Senec1o .
‘streptanthifolius Greene Complex. " Ph.D. Thesis. Univ. of
Alberta. Edmonton. 216 pp. S

‘Balkwill, H.R. ahd»K.J.,Roy., 1977. Geology:of}King Christian Island,
district .of Franklin, Geological Survey of Canada Memoir 386,
Energy,‘y1nes and Resources Canada. 28 pp. and map .

“Bannlster P. 1976 Introduct1on of Phys1ologlca1 P]ant Ecology
Blackwel] Sc1ent1f1c Publlshers Oxford. 273 pp.

.Barr, N. _1371 Postglac1a1 isostatic movement 1in northeastern Devon
Island! " a reappra1sa] Arctic 24: 249-268, . - : -

Barrett P. E. 1972 Phytogeocoenoses of a Coastal Lowland Ecosystem,

Devon Island, N.W.T. Ph.D. Thesis. Univ. of Britisp. Co]umb1a e
Vancouver. 29 pp. S . .

' Barrett, P.E. and JAA. Teeri. 1973 Vascu]ar plants of the True]ove
In]et region, Jevon Island, Arctic 26: 58-67, v )

Barrett, P.E. and J.W. Thompson. 1975. Lichens from a high arctic "
- coastal ]owland Devon Island N. w T. Bryologist 78: 160-167.

Barry, R.6. and C.E. Jackson. 1969. Sumer weather conditions at
- Tanquary Fiord, N.W.T., 1963-67. ‘Arctic and Alpine Research 1: -
S ‘ B ; B ‘ . o



~ 169-180.

Barry, R.G. and F.K. Hare. "1974, Arctic climate. - pp. 17 54, In .
‘ Ives, J.D. and R.G. Barry {eds.). Arctic. and Alpine’ Env1ronments.
Methuen-and Co., London. 999 pp.,

Barry, R.G., Courtin, G.M. and C.L. Labine. 198l.. Tundra climates.
pp. 81-114 In Bliss, L.C., Heal, 0.W. and J.J. Moore {eds.).
Tundra Ecosystems: A Comparat1ve Ana]ys1s Cambr1dge University
Press, Cambr1dge. 813 PpP. . _ o o It

. a4
. Barsdate, R.J. and V Alexander 1975.. The nitroyen balance of

' .arctic tundra: -pathways, rates and env1ronmenta1 1mp11cat1ons.
J. Env1ron. Qua1 4; 111 117 :

‘Bazzaz, F.A., Car]son, R.W. and J L. Harper. 1979.. Contribution to

reproductive effort by photosynthe51s of flowers and fruits.
Nature 279: 554-555, : :

Bea]s; E. 1960. Forest b1rd commun1t1es in the Apsotle Islands of
* szconsin,» ‘The w1lson Bulletin 72; 156-181. .

- Bell, K.L. ;1975. Root adaptations to a po]ar semi-desert, pp 21-

’ In B]1ss L.C. (ed.). Plant and Surface REsponses to
E_V1ronmenta1 Conditions in the Western High Arctic. ALUR Canada
‘Dept. Indian and Northern Affa1rs.. Ottawa.. 72 pp :

" Bell, K.L. and L.C. B]lss. 1971. 0verw1nter pheno]ogy of plants in a
' polar semi-desert. Arctic 30: 118 12). A . :

Be]Ij KgL;:and L;C,'B}iss.h 1978, Root growth in a polar sem1desert
enviromment. - Can.J. Bot. 56: 2470- 2490,

Bell, K.L. and L.C: Bliss. 1980. Plant reproduct1on in a high arct1c
environment. Arct1c and A1p1ne Research 12: 1-10. - . |

/

‘Benninghoff; W.S.™ 1952 . Interaction of vegetat1on and 5011 frost
phenomena. Arctic 5: 34-44, ,

Benadinghoff, W.S. 1966. Relationships between vegetat1on and frost R
“in soils. pp. 9-13. In Proceedings First Internatjonal. :
Permafrost Conference. Naticdnal Academy of Science - Nat1onaT
- Research Council. . Pub11cat1on 1287 wash1ngton. 563 pp. ‘
Beschel, R.E. 1963. Geobotanxca] Studies on Axel He1berg Island .in
: 1962. - Axel He1berg Ls1and Prel1m1nary Report 1961 1962. McGill
Unlv., Montrea] : ' '

;Besche] R. E~ 1966. Hummocks and the1r vegetat1on in. the H1gh

'Arctic, - pp. 13- 20. In Proceed1ngs First Internat1ona1 Pennafrdst
Conference. ‘National Academic of Science = National Research
_ Counc1] Publication 1287 Nash1ngton.. 563 pp.

'B1111ngs w D. 1974. Arct1c and alpine vegetat1on plant adaptat1ons

Lo

\ N . . N . . DR .



,Bl1ss, L.C. 1962 Adaptat1ons of am;;;z\and alp1ne p]ants to

290

'to cold summer c]1mates.} Pp. 401 -443. In’ Ives J. and R.G. Barry,
~Arctic and Alpine Env1ronments. ‘Methuen Co Ltd., London.
999 pp. : :

: Bj]]lngs, W.D., Clebsch E.E.C. and'H.A. Mooney. 1961. Effécts of .

Tow concentrations of carbon dioxide on photosynthesis rates in
two races of. Oxyria. Sc1ence 133: 1834, . o

Billings, W.D. and H.A. Mooney. 1968, The: eco]ogy of arctic and \>

alpine plants. B1ol Rev. 43 481-529 ,

BiTlings, W.D., Godfrey, P.J., Chabot, B.F: and D.P. Bourque. 1971.
Metabolic -acclimation to temperatur in arctic and alpine ecotypes'
- of 0xyr1a d1gyna.r Arctic and‘Alp1n% Research 3.0 277-289.

_Billings, W.D., Shaver;_G.R. and A;yl Trent. 1973, Temperatnre,/ .

effects on growth and respiration of roots and rhizomes in tundra

raminoids.  pp. 57-63. In L.C. Bliss and F.E. Wielgolaski
?eds.) " Primary Production. and Production Processes, Tundra
Biome. Tundra B1ome Steer1ng CO., Edmonton. 256 pp.

‘Bird, C. b 1975 The 11chen bryophyte and vasc/lar plant f]ora and

vegetation of the Landing Lake area Pr1nce _tr1ck Island, Arctic -
Canada. Can. J. Bot 53: 719- 744 - T

‘B]1ss, L C. 1956‘ A compar1son of p]ant development in micro-*

environments of arctic and alpine tundras.‘ Ecol Monogr 26
303-337. .

env1ronmental cond1t1ons« Arct1c 15; 117 144

B11ss L.C. 1963. A1p1ne plant commun1t1es of the Pres1dent1a1 :
Range New Hampsh1re. Ecology 44 678 697. ' __~-,_ o

>i B]1ss, L.C. -1971. Arctlc and a1p1ne pla?t 11fe cycles. Ann;'kevi .

~ Ecol. System;‘2:, 405-438.

B]1ss L.C.. 1975 Tundra grasslands hérb]ands and shrublands and
tfe role of herb1vores. Geoscience -and Man 10 bl 79.. .

o Blissy L. C. 1977a, Introduct1on. pp.-1- 11 In B]1ss L.C. (ed.).

~Truelove Lowlghd, Devon Island, Canada A H1gh Arct1c Ecosystem.

; ',lunjv.»of~A1ber a Press, Edmontdn., 714 pp. G
Bliss, L.C. 1977b. Truelove Lowland, Devon Island, Canada: A High

- Arctic Ecosystem. Univ. of Albertf Press, Edmonton.. 714 pp,

‘Bliss, L¥C. 1977c. General ‘summary Truelove Lomland'eCOsystem. Pl

- 657-675. 1In Bliss, L.C. (ed.). Truelove Lowland, Devon Island,
_Canada:, A High Arctic Ecosystem. Up1v. of A]berta Press, ’

L Edmonton. 714 pp-

B]iss, L.C. ,1978; 'Vegetation,and reyegetation withinfpermafrost

\ -



- N L)

[

terrain. pp. 31 50-In Proceed1ngs Third Internat1ona1 anference :
on Permafrost. Vol. . Edmonton Alberta. 255 Pp- o

Bliss,_L.C.. 1980, Phys1ology and life cycles of arctic- alpine i
plants. pp. 65-78. In Jackson, C.L. and M.A. Schuster (eds.). o
Proceedings High Altitude Workshop. No. 4. Colorado State Un1v.,
‘Fort Collins. Infonnatlon Series 42. 258 pp. _

Bliss, L.C. 198l. North American and Scandanav1an tundras and polar /Lf~;‘,f~

- deserts.  pp. 8-24, In Bliss, L. C., 0.W, Heal and J.J. Moore/ .
(eds.). Tundra Ecosystems A Comparat1ve Ana1y51s. Cambr1dgeh R
Un1vers1ty Press, Cambr1dge. 813, pp. L ' h

B]ISS, L.C., Court1n G. M., Patt1e, L., R1ewe R. R., Whitfield,
“D.W.A, and P, N1dden. 1973.  Arctic Tundra-Ecosystems. Ann. Rev..
Ecol. System 4: 359-399. , » T

- Bliss, I'.C.; Kerick, J. and W. Peterson. 1977.  Primary production.of
“dwarf shrub heath communities, Truelove Lowland. pp. 217-224. In = - .
Bliss, L.C. (ed.). Truelove Lowland, Devon Island, Canada: ‘A
?Igh Arctlc Ecosystem. Un1v. of Alberta Press. ,Edmonton. ;-
PP _ o

'yBl1ss, L.C. and J. Svoboda. 1984' P]ant‘communltles and‘plant"_
~production in the Western Queen Elizabeth. Islands. . Holarctic
Ecology (1n press). . - ‘ s C AT '

Bliss, L.C., Svoboda, J. and D.i. Bliss. 1984. Polar deserts, the1r
plant cover ‘and p]ant*product1on in the Canad1an H1gh Arctlc
‘ Ho]arctlc Eco]ogy (in’press). , , ,

- Bocher, T.N. 1963. Phytogeography of M1dd1e west Greenland Medd. .
: -om Grgnl. 148(3) 1-289. . _ o AR

Bonde E.K. and M. F Foreman. 1973, Growth and deve]opment of arctic

‘ and a1p1ne grasses in experimental gardens at various altitudes 1g»“ ‘
- Colorado; U.S.A. pp. 87-97. In Bliss, L.C. and F.E. Wielgolaski
(eds.). Prlmary Production and Production Processes, Tundra
Blome Dub]1n, Ire]and 256 PPp. '

:vslv L

Bostock, H.S. 1970, Phys1ograph1c d1v1s10ns of Canada. pp.. 10 35; j:
In Doug]as, ReJ:W. (ed.). “Geoloyy and Economic' Minerals of
Tanada. Economic Geology Report No. 1. Fifth Edition. Canada . .

o Depf. Energy, M1nes and. Resources. Ottawa. 838 P En

| Bougner C.C. and M.K.. Thomas. 1962. " The Climate of Canada. -

Meteorol . Branch, A1r Serv1ces Department of Transport Toronto
Ontarlo. 74 pp. : _ RET

'giBowden W. M 1960 Chromosome numbers and . taxonomlc notes on

" " northern rasses. I Twenty f1ve genera. Can. Jo Bot. .
38: bH41-647, - o .

‘.Bradshaw, A.D. _1959. PopﬁTationxdifferentiation‘1angrostis'tenuiS‘j o



e S o 292

Sibth. 1. Morphological dffferences. New Phytol. 58: 208-227.

‘Bradshaw, A.D. 1965, Evo]ut1onary significance of phenotyp1c
plast1c1ty in plants. Adv. Genet. 13: 115-155.

o Bradshaw, A.D., Chadwick, M.J;, Jowett, D., Lodge, R.W. and R.W.
(L Snaydon. 1960. Experimental investigations into the mineral
e nutrition® of several grass species. - Il Phosphate level. J.

Ecol. 48: 631-637.

Brassard, G.R. 1968. The plant habitats of the Tanquary camp area,
/E1lesmere’ Island, N.W.T. Defence Research Board, Department of
V4 National Defence, Ottawa. 21 pp.

Brassard, G.R. and R.E. Longton. 1970. The flora and vegetation of
Van Haven Pass, Northwestern El)esmere Island.. Canadian Field-
Naturalist 84: 357-364.

Brouzes, R., Lasik, J. and‘R. Knowles. 1969. The effect of orgaf
amendment water content;*and oxygen on the incorporation of 2
8ggsome agr1cultura1 and forest soils. Can. J. Microbiol. 15

Brown, R.J.E. 1966. Influence of vegetation on permafrost. pp.
241-246°. In Proceedlngs First International Permmafrost Conference.
National Academy of Science - National Research Council.
Publication 1287. Washington. 563 pp. - . -~

Brown, R.J.E. 1977. Permafrost investigations on Truelove Lowland.
pp. 15-30. In Bliss, L.C. (ed.). Truelove Lowland, Devon Island,
Canada: A High Arctic Ecosystem. Univ. of Alberta Prless,

Edmonton.. 714 pp.

Budd, A.C. and K.F. Best. 1969. Wild Plaﬂ the Canadian

Prairies. Publication No. 983. Research Branch, Canada
Department of Agriculture. Ottawa. 519 pp.

Bunnell, F.L. 1981, Ecosyétem synthesis - a 'fairytale'. pp.
637-646. 1In Bliss, L.C., Heal, 0.W. and J.J. Moore (eds.). .
Tundra Ecosystems A Comparativé Analysis. Cambridge University
- Press. 813 pp. ‘ - .

4

Bunnell, F.L., Macﬁean S.F. Jr. and J; Brown. 1975. fBarrow, Alaska,

U.S.A. pp. 73- 124. In Rosswall, T. and 0.W. Heal (eds.).
Structure and Function of Tundra Ecosystems, Ecol. Bull. :
" (Stockholm) No. 20. 450 pp.

‘jCallaghan T. V 1971. ' The growth of Phleum alpinum in contrasting
hab1tats at a sub-Antarctic station. ‘New Phytol. 70: 1143-1154,

kS

';bCallaghan T.V. 1973. Studies on the factors affecting the pr1mary
° production of bi-polar Phleum alpinum L.. pp. 153-167. In Bliss,.
L.C. and F.E. N1elgolask1 (edsr) Primary production and




-

Production Processes,iTundra Biome. Tundra Biome Steering
Committee. 256 pp. . :

Ca]]aghan,'T.V. 1974, Intfaépeéific vaﬁiatioh in Phleum alpinum L.
with specific reference to polar populations. Arctic and Alpine
Research 6: 361-40l. .

'S

Callaghan, T.V. and M.C. Lewis. 1971. The growth of Phleum alpinum
L. in contrasting habitats at a subantarctic station. New
Phytologist 70: 1143-1154. L

Challinor, J.L. and P.L. Gersper. 1975. Vehicle pérturbationoeffects
‘upon a tundra soil-plant system: II. Effects on the chemical
regime. Soil Sci. Soc. Amer. Proc. 39: 689-695.

Chapin, F.S. IIT. 1974, Morbhologica] and physiological mechanisms

of temperature compensation in phosphate absorption along a
latitudinal. gradient. Ecology b5: 1180-1198,

L4

Chapjh, F.S. II1. 1979. Nutrient uptaké and utiliz&tion by tundra
plants. pp. 215-234. In Underwood, L.S., Tieszen, L.L., Callahan,
A.B. and G.E. Folk (eds.). Comparative Mechanisms of Cold

* Adaptation. Academic Press, New York. 379 pp.

Chapin, F.S. III. 1980, The mineral nutrition of wild plants. Ann.
' Rev. Ecol. Syst. 11: 233-260. ' '

'Chapin; F.S. III. 198l. Field measurements of growth and phosﬁhate

absorption in Carex aquatilis along a latitudinal gradient.
Arctic and Alpine Research I3: 83-94.

Chapin, F.S.'I}I, Van Cleve, K., and L.L. Tieszen. 1975. Seasonal
nutrient dynamics of tundra vegetation at Barrow, Alaska. Arctic
and Alpine Research.- .7: 209-226.

“Chapin, F.S. ‘and A, Bloom. 1976. Phosphate absorption: adaptation,
of tundra graminoids to a low temperature, low phosphorus ’
environment. Oikos 26: 111-121. '

Chapin, F.S., Johnson, D.A. and J.D. McKendrick. 1980. Seasonal
‘movement of nutrients in plants of differing growth form in an

‘Alaskan tundra ecosystem: implications for herbivory. J. of
Ecol. 68: 189-209. '

Chapin, F.S. 111 and M.C. Chapin. 1981. Ecotypic differentiation of
T growth processes’ in Carex aquatilis along latitudinal and local
‘yradients. Ecology 62: 1000-1009. !

- Chapin, F;S. IIl and G.R. Shaver. 1981. 'Changes'in soil properties

and vegetation fbl]owing disturbance of Alaskan arctic tundra. J.
Appl. Ecol.'18: 605-617. ' o _ .

9

~ Chapin, F.S. III and P.R. Tyron. -1982. fPhosphate abéorptioﬁ'and root
respiration of differenﬁ plant growth forms from northern Alaska.

293



294

Holarctic Ecology 5: 164-171.

Chester, A.L. and G.R. Shaver. 1982. ’Reproduttire effort in cotton‘ |
grass tussock tundra. Holarctic Ecology 5: 200-206.

Clausen, J., Keck, D. D. and w M. H1esey ,1941, Redional
d1fferent1at1on in p]ant species. Amer. Nat. 75- 231-250,

Court1n G.M. and J.M. Mayo. 1975, Arct1c and a1p1ne plant water’
relat1ons. pp. 201-223. In Vernbery, F.J. (ed. ). Physiological
Adaptation to the Env1ronment Intext. Ed. Publ., New York, N.Y,
576 pp. '

Courtin, G.M. and C.L. Labine. 1977, Microclimatological studies on
Truelove Lowland. pp. 73-106. In Bliss, L.C. (ed.). Truelove
Lowland, Devon Island, Canada: ~A High Arct1c Ecosystem. Univ. of

Alberta Press, Edmonton. 714 pp. . N

Courtin, G.M. and‘C.L{ Labine. 1978. H1gh Arctic M1croc11matologica1
Data Analysis Study. Report to Canada Dept. of Supply and
Services. (Ottawa. 66 PP~

- Cronquist, A.,‘HO]mgren,_A.H., Holmgren, N.H. Reveal, J.L. and P.K.
~ Holmgren. 1977. Intermountain Flora: -Vascular Plants of the . .
Intermountain West, U.S.A. Volume Six. Monocotyledons. Columbia

University Press. 'New York. 584 pp. ‘ o g : '

Dabbs, O.L., Friesen, W., and S. Mitchell. 1974.. Pipeling"
Revegetation. - Biological Report Series, Volume 2. Canadian-
Arctic Gas Study Ltd 67 pp.

Day, J.M., Neves, MgC.P. and J. Dobereiner.. 1975. Nitrogenase

. activity on the roots of trop1ca1 forage grasses. Soil. Biol.
Biochem. 7: 107-112. i : S

de] Moral, R. 1982. Vegetat1on ord1nat1on of suba1p1ne meadows us1ng
adapt1ve strategies. Can. J. Bot. 61: 3117 3127 o ‘/,-

del Moral, R. 1983. Compet1t1on as a contro] mechan1sm in subalpine
meadows. Amer J. Bot. 70 232-245,

Denn1s J.G.. and P.L. Johnson. 1970 Shoot and rhizome-root standing
crops of tundra vegetation at Barr0w, A]aska. Arctic and Alpine
s)' Research 2: 253-266. )

Derv1s-Soko1ova T.G. 1969 Flora of ¥he extreme east of Chukch1
Peninsula. -pp.' 106-144. - In Tolmachev, A.I. (ed.). - Vascular
Plants of the Siberian Nor“ﬁ and the Northern Far East. Israel

i Progrmn for Sc1ent1f1c Translat1ons._ Jerusa]em. 340 pp. '

D1an W.J. and M.B. Brown. (eds ) 1979 BMDﬁ B1omed1ca1 Computer - -

i

Programs P-Series. Univ. Ca]1forn1a Press, Los Angeles. 880 pp.-

Dobereiner, d; 1977. B1ologvca1 nltrogeh f1xat1on 1n trop1ca1



R

J'Dobere1ner J.and J. My Day. 1975 Nitrogen fixat1on iR ‘the

| Dowd1ng, P., Chapin, “F.S. [1I% Wieldlaski, F.E. and P. Kitfeather,

295

grasses - poss1b1]1t1es for partla] rep]acement of mxnera] N
‘fertilizers. Amb1o 6: 174-177. . . :

Dobere1ner d. Day, J.M. and P.J.-Dart. "1972: N1trogenase act1v1ty
and- oxygen sens1t1v1ty of the Paspalum notatum - Azotobacter”
paspali. assoc1at1on J. Gen. Microbiol. . 103-116. -

ki

rh1zosphere of tropical grasses. pp. 39-56. In Stewart, W.D. P
{ed,). 'Nitrogen Fixation by Free-L1v1ng M1cro organ1sms
Cambr1dge Univ. Press, Cambr1dge. 471 PP

Dobere1ner, J. and. J M. Day 1976 Assoc1at1ve symb1oses 1n trop1ca1

grasses “characterization of microorganisms and d1n1trogen-
. fixation sites. pp. 518-538.- In Newton, W.E,. and C.J. Nyman |
(eds.). . Proceedings: of the First Internat1ona1 Symp051um of N, =

Fixation, - Nash1ngton State Un1vers1ty Press Pullman. .

Dore, W.G. and-J. McNeill. 1980. Grasses of Ontario, Research’
* Branch, Agriculture Canada. Monograph 26y Ottawas 566 PP-,

DbUgias L.A. and J.C.F. JTedron\ 1959. 0rgan1c matter decomposwt1on'“
rates in arct1c soils. . Soil Sci. 88: -305-312. STy

-

1981, Nutrients”in tondra ecosystems. pp. 647-683. 1In ‘Bliss,
L.C., Heal, 0.W. and J:J. Moore (eds.). Tundra- Ecosystems A
Comparat1ve Ana]ys1s. Cambrrdge Un1vers1;y Press Cambr1dge
813 pp “ .

. o
7 "

"Drury, W H. 1962.- Patterned ground and vegetat1on on southern Bylot ;

Island, Northwest Territories, ‘Cdnada. Thé Gray Herbar1un of
Harvard Unﬁvers1ty, Cambr1dge. 1ll,pp. ' .

' Ehler1nger, J. R. and P‘C M11]er. 1975. Water ‘relations of selected

g}sngsspec1es Tn the alpine tundra, Co]orado Eco]ogy 56:

\ A

ks ~E111ot D.” and J. Svoboda. 1981, M1croecosystem around a 1arge

_ erratic boulder:” a High Arctic' study.’ pp. 176-192, In Svoboda,
J. and B, Freedman (eds.)._'Ecology og a H1gh Arctic Lowland
Oasis, Alexandra Fiord (78° 53' N, 75° 55° W) Ellesmere Island,

" N.W.T., Canada. Departments of Botany, Univ. of Toronto and
Dalhous1e Univ. -244- PP, .

Enrola, S. and A. V K. Hakala, 1977. The b1nd cl1ff veyetation of -

‘ §va]bard "‘Aquilo Ser. Bot 215: 1- 18

Filin, V.R. and'B;A.'qutsev. 1969." Vascular plants of Aion Island
- (Chdun Bay), pp. 55-73. In Tolmachev, A.I. (ed.). Vascular

Plants of the Siberian North and the. Northern Far East. Israel
‘Program for- Scientific Translations. Jerusalem. 330 pp.

Elovik, K. _1938; Cytological studies of arctic grasses.":Hereditas



C 2%

24 265,

* Foyg; G.E. and W.D.P. Stewart. 1968. In situ determination of

biological nitrogen fixation in Antarct1ca. Brit. Antarct. Surv.
Bu” 15: 39-46. ' . AR :

Fuller, W.A., Martell, AM., Snith, R.F.C. and S.W. Speller. 1977.
Biology and secondary production of Dicrostonyx groenlandicus on

Truelove Lowland. pp. 437-459, In Bliss, L.C. (ed.). Truelove
Lowland, Devon Island, Canada: A_H1gh Arctic Ecosystem. Univ. of

‘Alberta Press. Edmonton 714 Pp.

‘ Gérteh; C.T., Jr. 1976. Correlations between concentrat1ons of _
elements in plants. Nature 261:. 686-688.

'Gavr11yuk V.A. 1961. Duration of the period of fru1t1ng and seed

production in- p]ants from southeast Chukotsk1y. Bot Zhur
(U.S.S.R.) 46:. 90-97 (In Russian). , .

Ge1t1ng, P. 1934 Studies on the vascu]ar p]ants of east Greenlan¢
" between Franz Joseph Fiord and Dove Bay (Lat. 73° 15" - 76 20"
N)." Medd. om Grgnl. 101: 1- 304 o

"Gersper; P.L. and'J.L, Challinor.” 1975. Vehicle perturbation;effects
upon a tundra soil-plant system. 1. Effects on morphelogical and
physical environmental properties of the so1ls. Soil Sci. Soc..

- Amer. Proc. 39: 737-744, : : o

. Gersper, P.L., Alexander, V., Barkley, S.A., Barsdate, R.J. and P.S.-
Flint. 1980, The soils and their nutrients.. pp., 219- 254 In
Brown, J., Miller, P.C., Tieszen, L.L. and F.L, Bunnell (eds.J.
An Arctic Ecosystem: The Coastal Tundra at Barrow, Alaska.
Q?Yden Hutchinson ‘and Ross;, Inc. "Stroudsburg, Pennsylvania.

- PP g - et '

‘ Granhall,'U.~and E. Henrikkson.  1969. N1trogen-f1x1ng b]ue green
algae in Swedish soils. 0Qikos 20: 175 178. ‘

. .'Granha]l; U. and_H. Selahder. 1973. N trogen f1xation in a subarcticiw
~ mire. Qikos 24: 8-15. T L

Gray, D.M., Erickson, D.E.L. and F. Abbey. 1974. Energy studies in
an arctic environment. Environmental--Social .Committee, Northern
Pipelines, Task Force on Northern 01l Development Report No. -
Z4 18 bU pp. o 20 d‘ . : ‘A-A . -'L ot

Gregor; q.w., Davey, V.M.  and J.M.S. Lang. 1936.  Experimental
taxonomy. I: Exper1menta1 garden techn1que 1n re]at1on to the -
recognition-of. the small taxonom1c un1ts. New Phyto] -
323- 350

]

Greiner H R. 1963 MallocH Dome- and v1c1n1ty, Ellef Rlngnes Island.

pp. 563-571. .In Fortier, W.L. et al. ‘{eds.). . Geology of the
North-Central Part of the Arctic AFEF1pe1ago Northwest :

7

g



. Hardy, R.W. F., Ho]sten R. D., Jackson, E. K. and R. C. Burns. 1968,

297

»

ATerrﬁtories (Oneration Franklin). Geol. Surv. Canada. Memoir -
320, Ottawa. 671 pp. ‘ ' B '

hr1me J.P. 1977, Ev1dence for the ex1stence of three pr1mary

strategies in. p]ants and its relevance to ecological and
evolutionary theory American Naturalist 111: 1169 1194,

Grime, J.P. 1979, Plant. Strategies and Vegetat1on Processes. John
w11ey and Sons, New York.” 222 pp. - , ’

Grulke N.E.. 1983. Comparat1ve Morpho]ogy, Ecophys1o1ogy and L1fe
History Characteristics of Two~ High Arctic Grasses, N.W. T Ph D.
Thesis. Unlv. of wash1ngton. Seatt]e. 174 pp. :

- Haag, R.W. "1974. Nutrient 11m1tat1on to plant product1on in two
tundra commun1t1es. Can. J. Bot. 52 103 116 .

vHale M. E. and W.L. .Culberson. 1970 A fourth checkl1st of the
lichens of cont1nenta1 Un1ted States and Canada. Bryo]ogjst_
73 499-543. A o O

i

The acetylene- ethy]ene assay for N2 fixation: - laboratory and
f1e1d eva]uat1on. Plant Physiol. 43 1185 1207. 'k

Hare, F.K. 1970, The tundra c11mate. . pp. 32- 38. In The Tundra
Env1ronment. A Symposium of Section Il of the ' Royal Society. of
“Canada. Transactions of the Royal Soc1ety of” Canada, Fourth.
Series, Volume VII 50 pp. o N -

L€

" Harrington, H.D. 1964 Manua] of the Plants of Colorado. Snallow_ :
Press Inc. Ch1cago. 666 pP- _ L

AHartger1nk AP, and JuM. Mayo. 1975 Controlled env1ronment stud1esy

.on net assimilation and water re]atlons of Dryas 1ntegr1fo]1a
Can. J. Bot 54: 1884-1895.° : o , ,

'Heal 0 N., F]anagan P.W., French R D. and S F MacLean Jr. 1981

Detomposition and accumulation of organ1c ‘matter in tundra. pp. :
587-633. In Bliss, L.C., Heal, 0.W. and J:iJ. Moore (eds.). =

. Tundra Ecosystems. A Comparat1ve Analysis. Cambrjdge‘UnJversity-'-
Press Cambridge. 813 PpP. : R

Henry, G;' 1981. synecology ‘and product1on of sedge dom1nated

 communities. pp. 38-49; In, Svoboda, J. and B. Freedman (eds.). .
- Ecology of a High Arctic Lowland Qasis, Alexandra Fiord, Ellesmere

‘Island, N.W.T., Canada. 198l. Proyress Report~’ Un1v. of Toronto . °
and Da]hous1e Univ. 245 pp.- ~ 4 ©

’Hernandez H 1973.. Revegetat1on stud1es - Norman wells, Inuw1k and o

Tuktoyaktuk N.W.T. and Prudhoe Bay Alaska. pp. 77-149. In
Bliss, L.C. (ed.). ‘Botanical. Studies of Natural and Map-Modified -

Habitats in the Mackenzie-Valley, Eastern Mackenzie Delta Region
and the Arct1c Islands., ALUR Dept Ind1an Affa1rs and Northern o



L= G

- 298
Development. Ottawa. 162 pp.-

Hitchcock, A.S. 1950, Manual of the Grasses: of the,United States.
United States Government Printing Office. Washington. 1U51 pp.

‘Hodyson, D.A. 1982. Surficial Materials and Geomdrpho]ogica]

Processes, Western Sverdrup and Adjacent Islands, District of
Franklin. Paper 81-9. Geol. Surv.,Canada.v Ottawa. 34 pp. .

/

" Holden, A.E. 1952, Plant Life in the Scottish H1gh1ands. Oliver ang

Boyd. Ed1nburgh 319 pp.

Holm-Hansen, U. 1963. ‘Algae: nitrogen fixation by Antarctic

species. Science 139: 1059-1060.

Holmen, K. 1972. Cytological studies in the flora of ,Peary Land,

north Green]and Medd. om Grpnl. 128: 1-40,

Horne, A.J. 1972 The_eco]ogy of Lhitrogen fixation on Signey Is}and;
South Orkney Islands. Bri:;/Kgiarct Surv. Bull. 27: 1-18. *

- . Hsiao, T.C. 1973, Plant responses to water stress : Ann;’Rey;'Plant -

 Physiol. 24: 519-570.
Hulten, E. 1942, Flora of Alaska and Yukon. Volume II. Lunds‘7
: Universjtets Arsskr1ft. Lund 412 PP- S :

Hulten, E. 1968, Flora of Alaska and Nelghbor1ng Terr1tor1es A L
“Manual of the Vascu]ar P]ants; Stanford Univ. Press, Stanford, , '
Ca]1forn1a. 1008. pp. h,' U R o '__~ CN

‘lgosh1na, K N. 1969 F]ora of the mountain’ and p1a1n tundras andl‘

open forests of the Urals. : pp. 182-334, 1In Tqlmachev, A:l,
(ed.). Mascular Plants of. the Siberian North and Northern Far

- East. Israel Program for Sc1ent1f1c Translat1ons. Jerusalem.
340 pp. ' Lo 4 o '

. Aingestad T." 1976 N1trogen and catlon nutr1t1on of three

‘ eco]oglca11y d1fferent plant spec1es. Phy5101 Plant. 38i*'29~34.'

',James P.A. ,1970. The 50115 of the Rank1n Inlet area Keewat1n

N.W. T.,-Canada. Arcf1c and A1p1ne Research 2: 293- 302

*. Johnson, AW.. 1966. Plant. eco]ogy in ‘permafrost dreas. pp. 25- 30,

Johnson D.A. and M.M, Caldwell 1976 Nater potent1a1 components |

Jordan, D.C.,VMcNicol . J. and M. R.-Marshall 1978a. Biological =~ /.-

In Proceed1ngs First International Pemafrost: Conference.
National Academic of Science - National Research Counc1l

Publication 1287 washlngton. 563 PP~

stoMatal function and l1qu1d phase water transport resistance of ..

four arctic and alpine species in relatlon to mo1sture stress. .
. Physiol. Plant. 36: 271- 278. ’ - c _



-

n1trogen f1xat1on in the terrestrial env1r0nment of a high A/}t1c
J

ecosystem (Truelove Lowland, Devon Istand, N.W.T.). Can.:
Microbio] 24: 643 649, _ .

Jordan, D C., Marshall, M.R. and P.J. McNicol. 1978b.
. !i ,M1crob1olog1ca1 features of terrestrial sites on the Devon Island
‘Lowland, Canadian Arct1c. Can. J. Soil Sci. 58: 113-118.

Jordan, D.C. and P.J. Mchco\ 1978. Identification of Beijerinckia

~in the High Arctic_(Devon Island, Northwest Terr1tor1es) ~Appl.
.- and Env1r. M1cro. 35: 204- 205 N

SN ' Jordan D.C. and P.J. McN1c01 1979. A new nitrogen f1x1ng

« _ C]ostr7d1um species from a h1gh Arctic ecosystem. Can. J.
M1cr05io|. 25: 947-948. _ . ’ L T

Jorgensen, C.A., Sbrensen T. and M.. westergaard 1958 “The |
~flowering p]ants of Greenland. Det. Kongla V1densk Selsk.,*
Biol., Skr. 9: 4, 172 p.

organisms in- forest and tundra soils. Plant and Soil 34: -
112 128, - :

Ka111o P., Suhonen S. and H. Ka111% 1972 The ecology of»nitrOgen
: fixation in Nephroma arcticum and Solorina crocea. Rep; Kevo |
~ . Subarct1c Res. Stat 9 . 7 14 ; _ SRR .

Katentn, AE. 1964 | Mycorrh}zae of arctic p]ants. ProblemdeeQera‘..v'

+ 148- 154

L . S Y o ) »
- Kil'Dyushevsk11, I D. 1969. The flora of the Verkhoyansk Mountains..

pp. 145-164, In Tolmachev, A.l. (ed.ﬁ. Vascular Plants of the.
" Siberian North and the Northern Far East. Israel Program for ™ °

Sc1ent1f1c Translat1ons. Jerusalem.7 340 pp..

1}

K1ng, R. H 1969 Per1g]ac1at1on on Devon Island N W.T. Ph.D.
- Thesis.. Un1v. of Saskatchewan, Saskatoon. 470 pp '

- KrUpickaifd ;977 Bedrock geology of the Truelove River area. pp.:

" 63-72., In BI174s, A:C. (ed.). -Truelove Lowland, Devon Island,
Canada: A High Arctfc Ec05ystem Un1v of Alberta Press,
Edmonton. 714 Pp. -

. Kruuse, C; 1905, List of thS phanerogams and vascu]ar cryptogams f
found ori- the coast; 75%276° 21' 1at. N. of East Greenland. Medd
.om Grbnl 30 »&45 .287. ‘ : S

K , M, 1970.' Vascular plants from some localities in the western

and northern parts of the Canadian Arctic Archipelago. Can J.
Bot. 48: 1931-1938.

o '; KuIJt 'J.0.B. 1982. A Flora of waterton Lakes . Nat1ona1 Parks. Univ;'

) o Alberta Press, Edmonton. 684 PP

Jurgensew; M.F. and C.B: Davey. - 1971. Non—synoiotic‘nitrogenjfixing"

299



,rLabine,_C. and G. Reynolds. 1981. ‘Climatology and meteoro]ogy. PP«
4-16. .In Svoboda, J. and B. Freedman (eds ). Ecology of a High
Arctic Lowland Oasis Alexandra Fiord (78° 53" N, 752 55" W)

Ellesmere Island, N.W.T., Canada. Departments of Botany, Univ.. of

Toronto and Da]housie Univ. 244 pp.

‘Lachenbruch, A.H. 1966. Contraction theory of ice-wedge polygons: a

qualitative discussion. pp. 63- 71. In Proceedings First

‘International Permafrost Conference. National Academy of Science

- National Research Council. Publ1cat1on 1287 Washington.
563 pp. . a

I

Lawrence D.B., Schoen1ke, R.E., Qu1spe1 A. and.‘. Bond. 1967. The
role of Dryas drummondii in vegetation development following ice
recession at Glacier Bay, Alaska, with special reference to its
nitrogen fixation by root nodu]es. J.-Ecol. 55: 793-313.

A

Lechowicz, M.J. and G.R. Shaver. . 1982, A multivariate approach»to ‘

the ana]ys1s of factorial fertilization exper1ments in A1askan
arct1c tundra Ecology '63:  1029-1038.- -

~ Lewis, M.C, and T.V. Callaghan. “1976. Tundra. pp. 399-433. Lg
Monteith, J.C. (ed.). Vegetat1on and the Atmosphere Vo] II.
Academ1c Press, London.- 439 PP. ) _ ‘

Love, A. and D. Love.' 1975. Cytotaxonom1ca] Atlas of the Arct1c
Flora. J. Cramer. Lehre Gennany. 598 pp. ' ST

Marion, G.M. and P.C. M1ller. 1982 “Nitrogen m1nera11zat10n in a
tussock tundra 5011 Arctic and A1p1ne Research 14: 287 293,

Matveyeva N. V., Polozova T.6., Blagodatskykh L S and E V.

Dorogostaiskaya. 1975, 'A brief essay on the vegetation. in the‘° 3

vicinity of the: Taimyr Biogeocoenological.Station.. Internat1ona1
Tundra B1ome Translation 13.  Univ. of Alaska, Fajrbanks: 51 pp-

,Maxwelj, J,B. 1980. The Cl1mate of the Canadian Arctic . Islands and
- Adjacent Waters.  Climatological Studies 30. Atmospher1c S
Env1ronment Service, Toronto. 531 pp .

‘Maxwell, J.B. 1981. Climatic reg1ons of the Canad1an Arct1c Islands. .

' Arctic 34: 225- 240,

r

Mdyo, J.M. 1974, A thermocoup]e psychrometer chamber for f1e]d and

- laboratory use. Can. Jdot P]ant Sci. - 54 597 598.

Mayo, J. M., Hartgerink, A P., Despa1n D. G., Thompson, R. G., van
Zinderen Bakker, E.M. Jr. and S.D: Nelson. .1977. Gas exchange
studies of Carex and Dryas, Truetove Lowland. pp. 265<280. IA
Bliss, L.C. (ed. ). Truelove Lowland, Devon Island, Canada: -A
High Arct1c Ecosystem. Unlv. Of Alberta Press Edmonton.. 714 pp.

chCown, B.H - 1978. The 1nteract1ons of organ1c nutf1ents, s0il
nitrogen, and so11 temperature and p]ant growth and survxva] 1n

300

SN



the arct1c env1ronment pp. 435-456, InVT1eszen L.L. (ed.).
Vegetation and Production Ecology of .an " Alaskan Arctic Tundra.
Spr1nger Verlag "New York. 686 PP . ‘ . \

Mckendrick, J. D., Ott V.J. and G.A. Mthhell 1978.-‘Effects‘bf'

nitrogen and phosphorus fertilization on carbohydrate and nutrient

"~ levels in Dupontia fisheri’ and Arctagrostis latifolia. pp.
509-537.. In Tieszen, L.L. (ed.). Vegetation and Production
Ecology of an. A]askan Arctic Tundra. Springer- Verlag. New York.
686 pp. _ .

McNaughton, S.J., Campbell, R.S., Freyer, R.A., Mylroie, J.E. and K.D.
Rodland. 1974. Photosynthetic properties and root chilling.

55: 168- 172

responses of altitudinal ecotypes of Typha ]at1fo]1a L. Eco]ogy S

';McVean, D.N. and D.A. Ratcliffe. 1962. Plant Communities'Of the
Scottish High]ands. Monographs of the Nature Conservancy. No. 1.
— Her Majesty's Stationery Office. London. 455 pp.

. Miller, 0.K. and G.A.’Laursoo.v 1978. Ecto- and endomycorrhiiae of

arctic plants at Barrow, Alaska. pp. 229-237.  In Tieszen, L.L. =~

(ed.). Vegetation and Production Ecology of an A]askan Arctic
Tundra. Sp?1nger-Ver]ag, New York. 685 pp.

" Miller, P.C., Stoner, W.A. and J.R. Ehler1nger 1978.  Some aspects

of water re]at1ons of arctic and alpine regions. pp. *343-357.
*In Tieszen, L.L. (ed.). Vegetation and Production Ecology of .am

‘ Ala§kan Arctic Tundra. Springer-Verlag, New York. 685 pp.

Mitchell, W.M. and D.J. McKendrick. 1975, Responses of arctic,

boreal. and alpine biotypes in recrproca] transplants. . pp. 93 111,
In Brown, J. {ed.). Ecological 1nvest1gat1ons of the tundra biome
in the Prudhoe Bay Region, Alaska. Biological Papers of the

University of Alaska. Spec1a1 Report No. 2. 215‘pp o

Monteith J.L. 1975. Pr1nc1ples of Env1ronmenta1 Phys1cs. American
E]sev1er Publ1sh1ng Co: Ltd., New York 241 pp oJ

Mooney, H. A 1963. Physiological. ecology of coasta], subalp1ne and

alpine populations: of Po]ygonun b1storto1des.' Ecology 44:
812-816. ‘ . .

- Mooney, H.A.. and W. D B11Tings. 1961 Comparatlve Physiological .

ecology 'of arctic and alpine popu]at1ons of Oxyria d1gyna.v
Ecolog1ca1 Monographs 31:  1-29,

‘Mooney, H. A and: A. w dJohnson. 1965 Comparat1ve phys1o]og1cal
. ecology of an arctic and an alpine, popu]at1on of Thalictrum
alpinum L. Eco]ogy-46 721-727.

Morita, R.Y. 1975; Psychrophilic bacteria. Bacteriol. Rev. 39::
144-167. - AU o o
LI

301



302

Mosquin, T. 1966, Reproductive spec1a11zat1on as a factor in the
evolution of the Canadian flora. pp. 41-63. - In Taylor, R.L. -and

R.A. Ludwig (eds.}. The Evo]ut1on of Canada's Flora Univ. of
Toronto Press. Toronto : o

- Muc, M. 1976, ECo]ogy and Primary Production of High’Arctfc
- Sedye-Moss Meadows, Devon Island, N.W.T., Canada. Ph.D. Fhesis,
Univ. of A]berta Edmonton . 254 pp. ‘ : .

 Muc, M. 1977. Eco]ogy and primary product1on of sedge-moss meadow
communqt1es, Truelove Lowland. 157-184. In Bliss, L.C.
(ed.). ~Truelove Lowland, Devon Is]and Canada: ‘A High- Arctic
Ecosystem Univ, of A]berta Press Edmonton | 714 PP-

:Muc,‘M. 1981. Compos1t1on and distribution of plant commun1t1es of
the Alexandra Fiord Lowland. pp. 17-37, In Svéboda, J. and B.
Freedman (eds.). Egology of aoH1gh Arctic- Lowland 0a51s, ‘
Alexandra Fiord (78~ 53" N, 75" 55' W) Ellesmere Island, N.W.T.,
Canada. Departments of Botany, Univ. of Toronto and Dalhous1e
Univ. 244 pp.

3

Muc, M. and L.C. Bljss._ 1977. Plant communities of Truelove Lowland.
pp. 143-154. In Bliss, L.C. (ed.). Truelove Lowland, Devon
Island, Canada: A H1gh Arct1c ECosystem. Univ. of Alberta Press,
Edmonton. 714 pp. IR

: F. . . R «

Nelson, L. '1977. Growth and survival characteristics of three arctic
bacteria -on Truelove Lowland. pp. 547-565. In Bliss, L.C. (ed.).

~ Truelove Lowland, Devon Island Canada: A High Arctic Ecosystem.
Univ. of Alberta Press, Edmonton. 714 pp.

Nietfeld Nams, M.L. 1981, Ecology of arctic white heather, Cassidpe
' (eds:).

: tetragona. pp. 50-65. In. Svoboda, J. and B. Freedman .
- EcoTogy of a High Arct1c-Tow1and 0as1s ‘Alexandra Fiord, Ellesmere

Island, N.W.T., Canada. 1981. Progress Report.  Univ. of Toronto -
and Dalhousie Univ. - 245 PP : o e

_Nobel, P.S. 1974, Introduotlon to ‘Biophysical and Plant Physiology.
W.H. Freeman and Co., San Franc1sco Ca]vf 488 Pp.

Nosko P.. 1978. ‘Water and Energy Relat1ons of. Carex stans in a High
Arctic M1croenv1ronnent Devon Island, N.W.T. . M.Sc. Thes1s
Laurentian Un1ver51ty, Sudbury. 155 pp. o :

8

Racker, J.G. and G.D. McPherson. 1974. Chromosome numbers in some .

- vascular plants from northern Alaska. Can. J. Bot. b2:
_ 1095 1099 . . . : '

Pawluk S. and R. Brewer. 1975. M1cromorpholog1ca1 and analytical
“characteristics of some soils-from Devon and K1ng Chr1st1an
Is]ands, N.W.T. Can J. 3011 Sc1. 55 349 361

g Perr1ng, F.H. and 5. M. Walters (eds ) 1976, " Atlas of the British '
Flora.’ E P. Pub11sh1ng Ltd Wakef1eld N 432 pp

N



303

\

Polunin, N. 1940. Botany of the Canadian Eastern Arctic. Part I.
Pteridophyta and Spermatophyta. National Museum Bulletin No. 92.
Canada  Department of Mines and'Resources Ottawa. 408’pp,

Polunin, N. 1948. Botany of the Canad1an Eastern Arct1c Part III.
Vegetation and Ecology.  National Museum Bulletin No. 104, Canada--
Departmeht of Mines and Resources. Ottawa. 304 pp. :

oo | | SRR

Polun1n N. 1959. Circumpolar Arctic Flora. Oxford Univ. Press,

London. 514 PpP.

Porsild, A.E. 1955. The Vascular Plants of the Western Canadian
~ Arctic Archipelago. .Bull. No. 135, - National Museum of Canada,
Ottawa. 225 pp. ‘ : a :

Porsild, A.E. 1939. .Contributions to'the f]ora of Alaska. Rhodora
41:  141-183. . = o ' S

Porsild, A.E. 1957.~ Illustrated Flora of the Canadian Arctic .
: Archipe]ago. Nat. Mus. of Canada Bull. 146. 20Y pp.

Pors1ld A. E. 1964. Illustrated Flora of the Canad1an Arct1c \
ol Bull No. 146 Nat1ona1 Museun of Canada, Ottawa.

Porsi fd.w.d.,Cody. 1980. Vascular Plants of Continental -
N jirritories. 'National Museums<of.Canada,.0ttawa. ‘

,iPorsil;% 491920 The. flora of D1sko Is]and and the adjacent coast
' ‘ i reen]and. Medd om.vGrbnl. 58: - 1- 155 F%x'

: Postgat%; f 1974, Prerequ1s1tes for b1o]og1ca1 n1trogen f1xat1on in g
o4l iny heterotrophic bacteria. pp.-663-686, . In Quispel,_ N

F The Biology of Nitrogen Fixation. North-Holland
'109 Co. Amsterdam. 769 pp. S .

, Bliss, L.C. and J. Svoboda. 1974 0r1g1n and . L
cance of wet spots oancrapeﬁ surfaces in the ilgﬂ\ﬁ:ft1c.'

7: 304 306

- Rae, R.W. 11951 - Climate of the Canadian Arctic Arch1pe1ago. cah;_’
| Dept of Transport Meteorol. D1v.,aroronto ‘Ontario. 89 pp
Raup, H. M 1966 - Turf hummocks in the ‘Mesters Vig. d1str1ct
B northeast Greenland. = pp. 43-50. In Proceedings First
International Permafrost Conference. .National Academy of Sc1ence
- Nat1ona1 “Research Counc11 Pub11cat1on 1287 wash1ngton. '
863 pp. .
Reekie, E,G.g@nd R.E. Redmahn. 1963, Root rQSpiratfon'in»a semf-arid
: .’grassla; jcosystem. Manuscr1pt. S //;/2, '

i@.* Arct1c 50115. pp.1749f759; tlg'lves, J: ‘and R.G.

'Reigér, S. 4



- Barry (eds.). Arct1c and Alpine Env1ronments. Methuen and’Co; '
Ltd., London 999 PP- : ‘ .

Rennle R.J. and G. A Kemp 1981. . Selection for dinitrogen—fixing
ab1l1ty in-Phaseolus vulgaris L. at two low-temperature regimes.
Euphytica 30: 87-95. : o

| Renn1e ‘R.J. and G.A. Kemp. 1982, Dinitrogen fixation in Phaseolus
' vul aris at low temperatures: interaction of temperature, growth
staye, and time of 1nnoculat1on. Can. J. Bot. 60 1423-1427.

" Richardson,. D.H.S._and E.J. Finegan. 1977,"‘Stud1es on ‘the lichens.of

. Truelove Lowland. pp.-245-262. In Bliss, L.C. (ed.). Truelove

" Lowland, Devon Island, Canada: A High Arctlc Ecosystem. Univ.1of
Alberta Press, Edmonton. 714 PP. PR

Rodin, L.E. and N.I. Baiilev1ch. 1967. Production'and Mineral
écl1ng in Terrestr1al Vegetatlon. ‘Oliver and Boyd, London.

ppv A . . . = e .' ‘ \ i
hoger, J.6! 4966 “Day excursion to Caenlochan, ‘Angus, 19th June
11965, Trans. Bot. Soc. _Edinb.. 40: 236~ 237

. Romanova, E.W. .1972. M1crocl1mate of tundra in the v1c1n1ty of

Taimyr Stat1on.; I.8.P. Tundra Biome Translat1on No. 7, Un1v of
Alaska College Alaska. U pp. ,

-Rbnn1ng, 0 I 19720 The d1str1but10n of vascular cryptograms and
monocotyledons in. Svalbard K.- Norske Vidensk. Seltsk. 24: = 1- 63

‘Rouse "WiR. and R, B. Stewart. 1972. A simple model for determining

) evaporat1on from high= lat1tude upland sites. J.,Appl;ﬁMgteorol.
ll 1063—1070 e ' _ ‘ R o

{ Russell R S. 1940.. Phy51olog1cal and ecologlcal studies on arctlc
. vegetat1on. I[I. The development .of yegetation in relation to
8 n1trogen supply and soil m1croorganlsms.. J. Ecol. 28 289 309

t
ol

l Russell R.S. - 1948, The effe/t of arct1c and h1gh mountain cllmates :

8? 5ge earbohydrate content of. Oxyrla d1gyna. J Ecol 36

'§%la 0 E. and W.K Lauenroth. 1982 Small'rainfall events:‘van '
ecologwcal role in sem1ar1d reg1ons. Oeéologia'53- 301-304.

'Sal1sbury, F.B. 1975 Multlple factor effects on plants. Pp..

© 501-520, 1In Vernberg, ‘Fode (ed.). Phys1olog1cal Adaptatlons”to :

the Env1ronment. Intext Ed. Publ ‘New York. 576 pp.

304

: _Sav1le, D.B.O 1961 The botany of the northwestern Queen El1zabeth ;:

“'Islands. Can J. Bot 39: 909 942.~v .

Sav1le, D.8.0. 1972 Arctlc Adaptat1ons in Plants. Canada Dept. of ‘

Agr1culture Research Branch Monograph No. 6 - 81 pp.

Wy



305

Scoggan, H.J. 1959, The Native Flora of Churchill, Manitoba..
National Museum of Canada. Department of Northern Affa1rs and
National Resources. Ottawa. 51 pp.

Scogyans H.J. 1978. The Flora of Canada.f “Part 2. Nationa1.Museums .
of Canada, Ottawa. pp. 93-545. : S .

Seidenfaden, G. and T. Sorenseno 1937. Tge vascu]ar plants of
northeast Greenland. from 74~ 30' to 79 OU N. Lat. Medd
Grbnl 101: 1 -215. ’ ' : -

Shanmugan K T.,_O Gara, F., Andersen, K. and R.C.\Valentine. .1978.
Bioloyical n1trogen fixation. Ann. Rev. Plant Physiol. 29: o
263-276. - PR . - >

_Shaver G R. and W.D. Bil]ings. 1975 Root production and'root‘
~ turnover in a wet tundra. ecosystem, Barrow, A]aska. Ecology 56:
» 401 409 T

Shaver G.R. and W.D.. B1111ngs 1976ﬁv Carbohydrate accumulation in
' tundra graminoid p]ants as a functlon of ~season and tissue age.
‘Flora 165: 247- 267 . ,

o Shaver, G.R. and J.Cr Cutler. 1979. ’The vert1ca] d1$tr1bution of |
live vascular phytomass in cottongrass tussock tundra. Arctic and-
A1p1ne Research 11: 335 342. , ; i

“Shaver, G.R., F.S. Chapin 111 and W.D. B1111ngs. 1979, ‘Ecotypic

d1fferent1at1on in -Carex aquatilis on ice-wedge polygons im the
.~ Alaskan coastal tundra. J. Ecol. 67:° IUZb 1046.

“Shaver h R. and JFiS. Chap1n, III. 1980. ReSponse to ferti]ization.>”‘
* by wvarious plant growth forms in an Alaskan tundra: nUtrient ‘
accumulat1on and growth Eco]ogy 61: 662-675. PR

Shear ; C:B., Crane, H.L. and A.T. Myers. 1946, Nutrient element
balance: a.fundamental concept in plant nutr1t1on. Proc. Amer.
‘ Soc. Hort 'Sci. 5l¢ 319-326. ‘ 3 ! ' :

Skartve1t A., Ryden B E. and L. Karenlamp1., 1975, C]1mate and ©
“hydrology of some: Fefnoscandian tundra ecosystems. pp. 41- 53 In .
WieTgolaski, F.E. (ed,).  Ecological Studies: Analysis and -
- Synthesis. Vol. 16, Fennoscand1an Tundra Ecosystems, Part- 1
Spr1nger Verlag, Berlln. ‘ i

r.f Slayter 1974. Plant Hater Relat1onsh1ps. Academ1c Press, N

London.¢ 366 pp. o, , , ‘ o .

. R - o : L 3 ) B . i . R

'Z;Sm1th D. and D.G. Patriquan. 1978.. A survey of angiosperms. in Nova |

. Scotia for rh1zosphere n1trogenase (acetylene-reduct1on) act1v1ty. .
Can J Bot 56 2218 2223 Gt LT e

- smith, D W and T.D.W. James. 1979 Sump Stud1es 131-- B1olo@1cal |
Changes in Permafrost Terra1n AdJacent to H1gh Arctic: 011 and Gas

6 oo . . -'-,-»:

- . ’ : I ¢ v RS : - .



306-

| | . Wellsites. Environmental §tudies No. 16, Northern Affairs
Program. Indian and NortH¥rn Affairs Canada, Ottawa. 150 pp.

Somers D.E. 198l. An Investigation Into. the Environmental Control
of Cold Acclimation in High Arctic Populations of Salix arctica
and Saxifraga oppositifolia. M.Sc. Thesis, Univ., of Alberta.
Edmonton.  Z2Z% pp. ' :

Sérensen, T. 1933, The vasuclar p]ants of East Greenland from 71000
o . to 73 93" N. Lat. Medd. om Grgnl. 101: 1-177.

Sprensen, T. 1941. Temperature relations and pheno1ogy ofthe
northeast Greenland flowering p]ants Medd. om Grgnl. 125:
1-302. - , E R ' '

Stanhill, G..and M. Fuchs. 1977. The relative flux density of
photosynthetically active radiation. J. Appl. Ecol. 14: '317-322,

g& Stebb1ns G.L. 1950. Variation and Evolution in P]ants. Columbia
Un1vers1ty Press, New York. 643 pp.

Stewart, J. 198l. Resource allocation in high arctic Saxifraya
species. pp. 118-128, In. Svoboda, J. and B. Freédman (eds.).
Ecology of a High Arctic Lowland Uasis, Alexandra Fiord,

- Ellesmeree Island, N.W.T., Canada. 1981 Progress Report Univ.
of Toronto and Dalhou51e Un1v. 245 pp.

Steyn, P.L., and C.C. Delwiche. 1970. Nitrogen fixation by

nonsymbiotic m1croor anisms in some California soils. Environ. “y
Sci. Technol. 4: 11 2- 1128.

_—;:‘—ff’—”ﬂg{;;;P, W.A.-and P. C ‘Miller. 1975. Water re]atwons qf?R]ant species
’ in the wet coastal tundra at Barrow, Alaska. Arctic and Alpine
_ Research 7: 1U9-124. _ . o

St. Onge, D.A. 1965, la geomorpholog1e de I'Ile Ellef R1ngnes,
Territoires du Nord-Ouest, Canada. Paper 38. Geographical
granch Canada Department of Mines and Technical Surveys. Ottawa.

8 pp. . _

Stutz, R,C. 1972, Survey of mycorrhizal plants. pp. 214-216. In
& Bliss, L.C. (ed.). Devon Island IBP Project: ‘High Arctic N
> Ecosystem, Project Report 1970 and 1971. Dept. of Botany, Univ.
of Alberta, Edmonton. 413 pp. o , ~

Stutz, R.C. 1Y77. Biological n1trogen f1xat1on in high arctic soils,
Truelove Lowland. pp. 301-314. 'In Bliss, L.C. (e®). Truelove
Lowland, Devon Island, Canada: A High Arctic Ecosystem. Univ. of
A]berta Press, Edmonton, Alberta. 714 pp. :

Svoboda J. 1974. Primary Production Processes Within Polar
Sem1-Desert Vegetation, Truelove Lowland, Devon Island, N.W.T.,
Canada.  Ph.D. Thesis, Univ. of Alberta, Edmonton. 209 PP. .

P



Svoboda, - 1977, Ecology and primary production of raised beach

commun1t1es, Truelov Lowland. pp. 185-216. In Bliss, L.C. (ed.).
Truelove Lowland, Devon Is]and, Canada: A High Arct1c Ecosystem.

Univ. of Alberta Press, Edmonton. 714 pp.

Svoboda, J. and.B. Freedman (eds.). 198l. Ecology of A High Arctic

Lowland Qasis, Alexandra Fiord, Ellesmere Island, N.W.T., Canada.

1981 Progress Report. Univ. of Toronto and Dalhousig Univ. 245
pp. -

Szeicz, G. 1974, Solar radiation for plaht growth. J. Appl. Ecol. -~

11: 617-636.

Tarrand, J.J., Krieg, N.R. and J. Dobéfeiner. 1978. A taxonomic

study of the Spirillum lipoferum group, with descriptions of a new

. genus, Azospirillum gen. nov. and two species, Azospirillum

lipoferun (Beijerinck) comb. nov. and Azospirillum brasilense sp.
nov. Can. J. Microbiol. 24: 967-980. -

Tedrow, J.C.F. 1966. Polar desert soils. Soil.Sci. Soc. Amer. Proc.

30 + 381-387.

3

Tedrow, J C.F. 1968, Pedogenic grad1ents of the polar regions. J.
Soil Sci. 1Y: 19Y7-203. ;

Tedrow, J.C.F. 1977. Soils of the Polar Landscapes. Rutgers "
University Press. New Brunswick, New Jersey. 638 pp.
‘ : o ‘ .
Tedrow, J.C.F. and J.E. Captlon. 1958. Concepts of soil formation °
~and classification in arctic regions. Arctic 11: 166-179.

J s

Tedrow, J.C.F. and-LJX; Douglas. 1964, Sof1'1n9estigatLons on Banks -

Island. Soil Sci. 98: 53- 65 ~

»

Teeri, J.A. 1972. M1oroenv1ronmenta1 Adaptat1ons of Local S

Populations of Saxifraga oppositifolia in the High Arctic. Ph.D,

Thesis, Duke University, Durham, N.C.” 216 pp.

Thompson, H.A. 1967. The Climate of the Canadian Arctic. Can. Dept.

of Transport, Meteorol. Branch, Ottawa. 32 pp.

Thorne, G.N. 1965, Photosynthes1s of ears and flag 1eaves of-wheat K

and barley. Ann. Bot. 29: 317-329.. . _
Tidestrom, I. 1925. Flora of Utah and Nevada. - Contributions ﬁrph

the United States National Herbarium. ™ Volume 25. - Smithsonian

- Institution. U.S. National Museum. . 665 pp '

A ~

Tieszen, L;L. 1973. Photosynthesqs and resp1rat1on 1n arct1c tundra’“
grasses: field light 1ntens1ty and temperature‘responses. Arctic

and Alplne Research 5: 239- 251.

-
-

Tieszen, L.L, 1978, Introduction. pp. 3-18. In Tieszen, L L.
o (ed.). Vegetat1on and Product1on Eco]ogy of ah-‘ﬂgskan Arctic

A

r S ' .

307



™~

»

Tuhdra; pringer-VerTag, New York. é86‘pp

Tieszen L.L. and D.C. S1gurdson. 1973, Effect of temperature on
X carboxylase act1v1ty and stab111ty in “some Cabvin tyc]e grasses
frof the arct1c. Arct1c ~and A1p1ne Research b 59 66 O

+

T{eszen L.L. and D.A, Johnson 1974 Trans]ocat1on of

photosynthet1ca1]y assimilated carbon-14’ in three arctic grasses
in situ at Barrow, Aladka. - Gan. J. Bot 52: 2189-2193 : :

T1eszen L. L., Lewis, M. C., M1]1er, P c., Mayo d., Chap1n F.S. 'IIi,
and W. Oechel. 1981 An ‘analysis of~processes of primary
“ production”in tundra growth forms. pp. 285-356. In Bliss, L.C.,"

Heal, 0.W. ‘and J.J. Moore (eds.). Tundra -Ecosystems: . A

Lomparat1ve Synthes1s. Cambridge Univ, Press,,Cambr1dge. 813 pph

T1khom1rov B.A, -1988. " To the Character1st1cs of the F]ora of’
“Cbastal west Ta1myr. PubTicdtion of the Karelidn- Finnish State
University, Petrozavodsk. 8% pp+ (In Ru551an) -

-

,fFikhomirov, B.A. '1963 Contrzbut1ons,to the B1o]ogy of Arct1c

Pdants. Komarov Botan1caﬁ Institute, Academy: of Sc1ences of the
USSR, Moscow 153 pp. (In Russ1an) L :

g

Tikhomirov, ‘B. A, 1969, FElora of the v4c1n1tf of the excavat1on of" -
the Taimyr Mammoth. pp. 165 I8l. In Tolmachev, A.I. (ed.).

Vdscular Plapts of the Sibefian' North and the NortherrFar East. -

Israe] Program formScLent1f1c Trans]at1ons. /Jerusalem. 340 pp.

' Tikhan1rov B.A. Petrovsk11,~v and B A. Yurtsev 1969 The f]ora

of-Tiksi Bay (Arttic Yakutiaf.. © pp. 4-50. -In.Tolmachev, A.l:
(8d&).. Vascalar Plants of the. Siberian North 'and the Northern Far
East. Israel” Program for Sc1ent1f1c Trans]at1ons. Jerusa]em,

~

340\Pp. . . . s -~ ., y

Tikhomirov, B.A. and V.A. Gavrilyik. - 1969. ¢ The flora of the- Bering °
coast of.Chukchi Peninsula. pp. 74-105, In Tolmachev, A.I.
(ed.).\Vascular Plants: of the Siberian North and the. Northern_Far

East. Israel Program for Sc1ent1f1c Trans]at1ons. Jerusa]em
340 pp . A » - . .,

~
-

TJepkema J D. and’R.H. Burr1s. 1976 N1trogenase act1v1ty
* ‘" associated with some w1scons1n pra1r1e grasses. Plant Soil 45:
81-94, , o .

Tolmachev, A.T. (ed.). 1964. Arciic Flora. of the USS.5.R.. Volume
II. Gramineae. Academy of Sciences of the U.S.S. R., Konarov
Botan1ca] Institute. Leningrad.- 2?2 PP «

TolMachev A, (ed.) 1969 ~Vascu1ar Plants of the S1ber1an North 'v‘

and the Northern Far East. Israel Program for Sc1ent1f1c

Translations. Jerusalem. 340 pp. -e
. S ° .

ATuresson,’G.21922:§ The genotyp1ca1.respon$e of thevolant specjes‘to

S

~ . -~

308



[

309 °

‘the habitat. Heriditas 3: 211-350.

Turesson; G. 192%.  The plant species in re]at1on to habitat and

climate Hered1tas 6 147 - 236

U1r1ch ‘A. and P.L. Gersper. 1978 P]ant'nutr1ent 1imitations of -

. tundra plant growth. pp. 457-481. In Tieszen, L.L, (ed.). - p

- Vegetation and Production Ecology of an A1askan Arct1c Tundra.

“van

-

“ Walker, B.. 1977. Soil map of Truelove Lowland and V1c1n1ty, Devon®

Van

Springer-Ver]ag,,New York. 68b PP .

‘den Bergh J.P, 1969, D1stribution of pasture plants. in relation

- to- the chemical properties of the soil.. In Ecological Aspects of

the Mineral Nutritién of Plants. British Ecolog1ca1 Soof’ty
Sympos1um. '9: 11- 23 - .

Wijk, N.R.:;1965. So11 microclimate, its creation, observation
and modification. Meteoro1‘ Monogr.‘6: 59-73 . X ; ,

V1khereva-Vas1] kOVa V.V, 1965. Anatomical descr1pt1ons pf arctic

grasses. Problems of the North g: 113-123.

A

V1tt D. H 1975, A key and annotated synops1s of the mosses of the

northern lowlands of Devon Is]and N.W. ., Canada. .Can. J. Bot.
53 2158 2197 - _ . S Ty

x .
-«

Vogeﬂ 1.0 and P L. Johnson 1965, Eva]uation of an, economic

instrument she]ter for. m1croc]1matologlca1 stud1es For.'Sci. 11%
434-435, , g _

’ 5 )

Island, N.W.T. In Bliss, L.C. (ed.). Truelove Lowiand, Devon®
Island, Canada: A H1gh Arctic Ecosystem. Un1v. oftAIberta Press,

- Edmontori. - 714 PP - o B y . s

. 3
J N * hY
N . i ]

.~wa1ker, B.D. and T;w.xPeters.r 1977.° 50115 of True}ove LoW]and and -

‘plateau.  pp. 31-62. In Bliss, L.C. (ed.), Truelove Lowiand, :
“Devon Island, Canada: A High Arctﬁc Ecosystem. 'Un1v“ of Alberta '
Press, Edmonton._ 714 pp. ‘ ) M

. walter H. 1973 Vegetat1on of the Earth in Relation to C11mate and

528 Eco-phys1o]og1ca1 Cond1t1ons. Springer- Ver]ag, New York.
PPo . ﬂ N ‘ § : ' '

¢ . >

.

‘ walton, D. N H 1982 Instruments for measuring b1o]og1ca] o

4

m1crocl1mates for terrestrial habitats in pelar and *high alpine -
redions: a reviews: Arct1c and Alp1ne Research 14 21 p-286.

“Warren Ni]son "J. 1957, Arttgc,p]ant growth. yﬂdy. SC1.,53§"(f

383-388. - . ' . . T,

I
I .
- i

webber P.J.. 1978 Spatial and temporal var1atnon of the vegetation

“and its production, Batrow, Alaska. «pp. 37=112. "In;Tieszen, L.L..

(ed.). Vegetation and Production Ecology of an A]askan Arct1c
Tundra. Spr1nger-Ver1ag,“New York. %8 :

- . ) . AN
v - . ' t



310 -

Weber, W.A. '1967. Rocky Mountain Flora. University of Colorado
- Press. Boulder. 437 Pp. .

wehnnéister, R.R. ‘and E.K. Bonde 1977, C’mparaifve aspects of
growth and reprddd;t1ve biology in arctic and alpine populat1ons
of Saxifraga cernup L. Arctic -and Alpine Research Y: 401-406.

Weller, G. and S. g;ﬁ{g. 1972, The microclNmates of the arctic L
tundra. In Bo S. (ed.). Proceedings the 1972 Tundra Biome .
‘Symposium, Lake W11derness Center, Univ. of shington, Seattle.

211 pps

weller, G. and B. Holmgren. 1974. The microclimatds of the arctic -
tundra. J. ‘Appl. Meteoro] 13: 8%4-862. . . R .

'wélsh,,S.L. 1974, Anderson's \ Flora of Afaska and AdJacent~ arﬁs‘of «.:‘.
© Canada. Br1gham Young Un1vers1ty Press. Provo Utah. 72&~p. =~

\;deden, P, 1977. M1crob1ology and decomposition on Trpe]ove Lowland

pp. 505-530. In Bliss, L.G. (ed.). Truelove Lowtand, Devon .
Island, Canada: A High Arct1c Ecosystem Univ. -of Alberta Press, . -
Edmonton. 714 pp. ' ' ] . ,

Wiebe, H.H, (ed.)} 1971, Measurements of Plant and So1l water
Status. ~Bulletin 484, Utah Agr1cu]tura1 Exper1ment Station.
_Logan. 71 pp. ,

~ Wielgolaski, F.E., Kjelvik,‘S., and P. Kallio. 1975, Minéﬁ%l content
' of tundra ‘and forest tundra plants in Fennoscandia.” pp. 316-322.
In Wielgolaski, F.E. (ed.). Fennoscandian Tundra Ecosystems. 1.
PTants and Microorganisms. Ecological Studies Series. Volume l6.
Springer- Ver]ag. New York. 366 pp. :

T

. N1elgola$k1 F.E., Bliss, L.C., Svoboda J. and G. Doy]e. 1981.
; Primary production of tundra. pp. 187-225. In-Bliss, L.C., Heal,
O.W. and J.J. Moore(eds.). Tundra Ecosystems: A Comp arative
Analysis. Cambr]dge University Press, Campridge. 813 pp.

Wiggins, I.- and J H. Thomas. 1962 A Flora of the A]askan Arct1c
Slope. Arctic-Institute of North America Specia] Publication No.
4. University. of Toronto Press. Toronto. 425 pp.

woo V. and S.C. Zoltai. 1977 Reconnaissance of the Soils and , -
) Vegetation of Somerset and Prince of Wales Islands, N.W.T. :
. Information Report NUR-X-186 Northern Forest’ Research Centre.

Ganad1an Forestry Service. Edmonton. 127 pp. ; :

wood]ey, E.d. . 1981. Factors affecting'the phenology of some commox
arct1c plant speciess pp. 66-87. In Svoboda, J. and 8. Freedman
. eda o) Ecd]ogy of a High Arctic Lowland Oas1s Alexandra Fiord
(787 53' N, 757 55" W) Ellesmere Island, N.W. T., Canada. :
gzgartments of Botany, Un1v.~of Toronto and Dalhous1e Uan.
PP. '



" - . S

Younkin, W.E. 1972. Revegetation studies of disturbances*in the
- Mackenzie Delta region. pp. 175-229, In Bliss, L.C. and R.W.
. Wein (eds.). Botanical Studies of Natural.and Man Modified
Habitats in the Eastern Mackenzie Delta Region and the-Arctic
A gg;ands. ALUR, Dept. Indian and Northern Affairs, Ottawa. .
Pp.. . o C '

Younkin, W.E.. 1974,  Ecological Studies of -Arctagrostis Tatifolia (R.
Br.) Griesb. and Calamagrostis canadensis (Michx.) Beauv. in
Relation to Their Colonization Potential in Disturbed Areas,
~Tuktoyaktuk.Region, N.W.T.. Ph.D. Thesis. Univ. of Alberta.
Edmonton. 148 pp. e ' S




-

. APPENDICES .

312



F\‘. L \ B s :iw 313

Appendix 1. Methods of physical and chemical soil. ana]yses.- Tests

~were conducted by the soil and Feed. Test1ng Laboratory, .
Alberta Agriculture, Edmonton

o e e 4 . T P N AR S G D P LMD S e e e e A e e S . P SR T P TE P G e am v . . e WS T R e a ow e e e

ANALYSIS METHOD .. REFERENCE
Soi]'Téxfdre _Hydrometer mefdod SR Bouyodéds (1951)

- Soil pH‘ o 1:2 soil to water ratio McKeague (1978)
Electrical 1:2 soil to water ratio ‘ McKeague'(1978)'
conductivity : : ' ‘ .

Organic Matter . Loss on ignition - Ball (1964)

Total N° . - Kjeldahl method modified ~  Bremner (1979),
S to use Auto Analyser Alberta Agr1cu1ture
‘ ’ : (undated)

N0y, NH, Estrasgion in KC1 followed  Bremner and Keeney

‘distillation (1966)

Avaiﬁable P “Extract1 n_by NH F 1n H,S M111er and Axley
: Modified for use on Aut% (1956)
. Analyzer ,
"Availab]e'N "~ Extraction in ammonium - | | Pratt'(1979)

acetate followed by
evaporation.and ignition.

Exchangeable K is determined o T
by co]ba1t1n1tr1te method. : .

Available S o Extract1on in CaCl o aHamn_gg_gl. (1973) -

- T W D Y T S R S S  n = e A - S S D P D N T —n . e B e W e S . - e - =

References

o Albefta Agr1cu1ture (undated m1meo) Procedure fof determ1natidn'df-
~ protein and phosphorus using Technicon Auto ‘Analyzer. Soil and
Feed Test1ng Laboratory, Edmonton. : '

Ball, D.F. 1964. Loss in ignition as an estimate of organic matter
: gzd organ1c carbon in non-calcareous soils. J. 5011 Sci. 1§

Bouyoucos, G.J. 1951. A reca11brat1on of the hydrometer method for
‘making mechan1ca] analyses of soils. J. Amer., Soc. Agron. 43:
434 438. , » : C
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Appendix I (continued)

Bremner, J.M. 1979. Total nitrogen. pp.1149-1178. In: Black, C.A.
(ed.) Methods of Soil Analysis. Part 2. Chemical and -

Microbiological Propert1es. Amer1can Soc1ety of . Agronomy Inc.,
Medison, Wisconsin. pp 771-1572.
~ Bremner, J.M. .and D.R. Keeney.- 1966 Detemmination and 1sotope ratio
analys1s of different forms of ntirogen in soils. 3.- Exhangeable -:
ammonium, nitrate, and nitrite by extraction-distillation methods. '
,Soil.‘Sci. Soc..Amer. Proc. 30: g77 -582.

Hamm, J'N., Beattany, J.R. and E.H. Halstead. 1973 A soil test for
‘ - sulphur and interpretive criteria for Saskatchewan. Comm. Soil
Sci. and Plant Anal. 4 219-231. - 4 _ :

McKeague, J.A. (ed;)?'1978. Manual on Soil Sampling and Méthbds,of-"
Ana;{sis. Canadian Soil Survey Committee, Can. Soc. Soil Sci.
pp' 2. ’ . i * ! ' ‘ :

Miller, J.R. and J.H. Axley. 1956. Correlation of Chemical Soil
tests for available phosphorus with crop response 1nc1ud1ng a
pr0posed method Soil Sci. 82: 117-127.

Pratt, P.F. 1979. Potassium. pp.1022-1030. In: Black, C.A. (ed.)
Methads of Soil Analysis. Part 2. Chemical  and M1crob1o]oglca1 :
" Properties. American Society of Agronomy Inc.,,Mad1son ,
Nisconsin., PP 771 1572 R '
%- L o -
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Appendix II. Method of analysis of total nitrogenland phosphorus in

Alopecurus tissues. Tests were conducted by .the soil
and Feed T .

esting Laboratory, Alberta Agriculture,

_Edmonton.
-
ANALYSIS ~° METHD - .
CTUTAL'N and P . Digestion in conc. H,SO, followed by analysis on

Technicon Auto AnalySer.. Protein and phosphorus

levels ‘are determined colorimetrically. 'Total

n1trogen is est1mated as percent prote1n d1v1ded by
. 6. 25

REFERENCES

‘Alberta Agriéd]ture Soil and Feed'Testing Laboratory. Undated mimeo.
Procedure. for determination of protein and phosphorus us1ng the
Technicon Auto Analyser. Edmonton.

Technicon Auto Analyser 11 1978, "Individual simultaneous -

\ determination of crude protein, phosphorus and/or ca1c1um 1h
. feeds. Industr1a] Method No. 506- 77A

~ —
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Appendix III. Significancé,]evelsi

NCE " of differences in cumulative leaf
Tength of Alopecurus alpinus on fertilizer plots at

KCI and Truelove Lowl
compared to controls.

and. Fertilizer treatments are
Data for KCI are combined as
there were no-significant differences between sites.

AUGUST 7

DATE (1979)  JULY 24 - |
TREATMENT N P N +P N PN+ P
LOCATION . LEVEL
S kg '
KCL 60 NSNS N NSNS RS
KL 480 NS % NS NSNS NS
TRUELOVES 60 . NS * * NSNS %
CKCI'#+ TRUELOVE'! N %% wwx R

LD o

Significance Levels NS
e *

*k.

*kk

‘Not s1gn1f1cant

p < .05
p < .01

- p-< 001

A combined ana1y51s of plots on both 1s]ands with fert1llzer 1evels

for KCI combined,
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fe Tevels of differences in cumulative leaf
F Alopecurus in a comparison of fertilizer
Fs between KCI and True]ove‘deland.'

iAppehdiXTIV. f

, ©DATE . JULY 24 AUGUST 7
coMpANES | |

' TRUELOVE Y

CONTROL - - 3 NS NS

LON N N **'(Trué1ove)

LMK NS - . (Truelove)
R R

Low P N s

LOW N+ NS . **(Truelove)

LOW N+P NS T NS




