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Seasonal changes in plant and soil chemical composition at

Marion Island (sub-Antaretic):

II - Fjaeldmark and fernbrakes

Seasonal changes in concentrations of N, P, K, Ca, Mg and
Na in the plants @ a fijaeldmark and o fernbrake
communitics on sub-Antarctic Marion Island (17°5. 38°F) are
described. In general, N, P and K concentrations in the
aboveground biomass decreased, and those of Ca {sometiney
also Mg) increased as the season progressed. Excepiions to
this pattern are discussed.  Seasonal changes in nuirient
concentrations in reproductive organs, roots, rhizomes and in
the abovegronnd necromass (dead plant marerial) differed

berween species. N, P and K concentrations in living leaves of

dicotyledonous species (and of the fern Blechnum penna-
marina. which at the island beliaves ecologically like a dwarf
shrub) are similay to those for dwarf-shrubs and shrubs w
northern hemisphere tundra and windra-like commuuniities; in
many instances the K concentrations are higher than for
tindra species. Mg and Na levels in the Island dicots are
greater than those generally reported for tundra plams, Ca
concentrations in all the island species considered in this siidy
are markedly lower than for planes from wndra and tundra-
fike areus. There were no conspicuous seasonal variations in
soil autrient levels at the three island communities,

Die seisoenswisseling in die konsenirasie van N, P, K, Ca,
Mg en Na by die plante van “n fiaeldmark en twee varing-
gedomineerde plantgemeenskappe op die  sub-Antarktiese
Marion-eiland {47°8, 38°0) word beskrvf. Oor die algenieen
het die konsentrasie van N, P en K in die bogrondse biomassa
afgencent en het dié van Ca (in sonunige gevalle ook van Mg)
met verloop van die seisoen toegeneem. Uitsonderings op dié

patrooir  word  bespreek.  Dic  seisoenswisseling in  dic
voedingstafkonsenirasie  in  voortplantingsorgane, wortels,
wortelstokke  en  die  bogrondse  nekromassa  (dooie

plantmuateriaal) hei tussen spesies verskil. Die konsentrasie
van N, P en K in lewende blare van dikoticlspesies {en in die
varing Blechnum penna-marina wat op die eifand ekologies
soos ‘n dwergstruik  optree) is soortgelyk aoan dié van
dwergstruike en struike in die toendra en in toendra-agtige
gemeenskappe van die Nocrdelike Halfrond. In baie gevalle
is die K-konsentrasic van di¢ eilandplante hoér as by
toendraspesies. Die konsentrasic van Mg en Na is by die
dikotiele van die eifand hoér as by die meeste toendraplante.
Die  kalsiumkonsentrasic is  aansienlik laer by al  die
eilandspesies wat in hierdie ondersaek betrek is as by plante
van die foendra en toendra-agiige gebiede. Daar was geen
opvaliende seisoenswisseling in grondvoedingstof-
konsentrasies by die drie plantgemeenskappe op die eiland
Hig.

Introduction

In apother paper (Smith 1987a) © described the seasonal
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changes in peat and plant chemical compaosition at two mire-
grasslands on Marion Island {16°34°S. 37%45°'E). Mire-
grasslands  are dominated by graminoid and bryophyte
species and represent an advanced stage of vepetation
succession in-areas where drainage is impeded. In t_his paper
I present corresponding information for the soils and plants
of three communities which represent a %u:.cem(mdl trend at
drier sites on the island.

A sparse cover of bryophytes, lichens and lowsgrowing
(often cushion-forming) flowering plants occurs on exposed
rocky ridges and plateaus, Similar vegetation formations in
Arctic. sub-Arctic and alpine areas have been termed “rock
tundra™, “Schuttflur®  “Felsenflur™, “fjaeldmark™ or
“fellfield”. The term fjaeldmark (or feldmark) has been
adopted by most workers in the southern hemisphere
subpolar region (e.g. Taylor 1935, Ashton & Gill 1965.
Wace 1965, Huntley 1971, Gremmen 1981), although the
English equivalent fellfield is often preferred (Lewis &
Greene 1970. Lewis Smith & Walton 1975, Heilbronn &
Walton 1984). Fjaeldmark was criginally defined (Warming
1928} as “a formation where plants grow singly often with
great intervals, though here and there denser . spots of
vegetation occur .. .7 In a recent review, Lewis Smith
(1984) described fjaeldmark as “Discontinuous. patchy
xerophytic vegetation dominated mainly by cushion-forming
forbs. short grasses, cushion and turf-forming mosses and
fruticose and crustose lichens; occurring on dry. mndsm,pt
stony seils especially at higher altitudes”™.

Of the six plant community complexes defined for the
Marion Island vegetation only fjacldmark estends above 30
m a,s.l. {Gremmen 1981). Fjaeldmark is also common on
exposed rocky areas at lower altitudes where it is dominated
by cushions of Azarella selago, on which the grass Agrostis
magelfanica occurs epiphytically. At morc sheltered areas,
especially where peat accumuiates, the number of vascular
species increases. The additional species are most often the
fern Blechnum penna-marina, the rosaceous suffruticose
herb Acaena magellanica and the tussock-forming grass Poa
cookii. This increased plant cover often represents-a seral
succession leading to the development of clesed plani
communities [Smith 1987h). Such seral communities have
been termed “open scrub™ (Smith 1976a) and “open
fernbrake” (Smith [9774}, but are phytosociologically also
part of the fjaeldmark compiex defined by Gremmen {19813.

On well-drained slopes this successional sequence results
in a “climax” closed fernbrake cemmunity dominated by
Blechnum penng-marina. the short, hardy fronds of which
form a dense carpet 10-15 c¢m high. Fernbrake is a
conspicucus vegetation type covering many of the island’s
lowland slopes, especially those with northerly and casterly
aspects. In contrast to fjaeldmark. fernbrakes are not
ubigquitous throughout the sub-Antarctic. Although ferns are
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locally abundant in restricled areas at many sub-Antarctic
{and southern cold-temperate) islands, it appears that only
at Marion Island (and its nearby neighbour, Prince Edward
Istand) are fernbrakes an important component of the
vegetation (Gremmen 1981).

Together. {jaeldmark. open and closed fernbrakes occupy
approximately 60 per cent of the surface area of the
unglaciated. younger lava flows of the island’s eastern
coastal plain (Smith 1976a). On the older lavas fjaeldmark
occurs un approximately 40 per cent of the surface area.
whereas open and closed fernbrakes are rare {Smith 1977a).

Sites‘z

This study concentrated on plants from z fjaeldmark. an
open fernbrake and a closed fernbrake approximately 300 m
west of the muteorological station on the island's custern
coastal plain. They are approximately 300 m from the shore
and beétween 30 and 40 m altitude, They occur within 50 m
of each other and within 100 m of the mire-grasslands
reportied on by Smiith {1987a). The areas of the commuanities
are: ffacldmark. c. 1700 mv'. open fernbrake, ¢ 1000 m™ and
closed fernbrake, ¢. 300 m*. The floristic compositions of the
three communities are described by Smitht (1987¢) in an
account of their vegetstion standing crop and primary
productioin.

Methods

Harvesting and sorting procedures  wherehy the plant
saumples were obtained are deseribed in Smith (1987¢) and
the chemical analyses performed on the samples in Smith
(1Y87a). Soil collection and chemical analyses are also
described in Smith {1987x).
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Results

Soil chemical composilion

There was a substantial amount of within-sampling date
variabilily in the soil chemistry results from the three study
sites and no consistent variations in soil nutrient levels were
found during the sampling pertod. Values reported here
(‘Fable 1) are the ranges found for all the samples collected.
Seil moisture contents reflected the amount of precipitation
just prior to sampling and vared markedly between
sampling dates: however. they were almost ahways highest at
closed fernbrake and lowest at fjaeldmurk. Fernbrake soils
were more organic and more acid than those at fjacldmark.
Kjeldahl-N levels were also higher at the fernbrakes than at
jacldmark. Low concentrations of inorganic N occurred st
the three sites. At flaeldmark. NH-N was rarely, and NO.-
M never. detected. At the two fernbrake sites, NH.-N levels
were  mostly < 1 ong gt . but  occasionally  higher
concentrations (up to ¢. 13 pg g'') were found. NO-N could
also pot be detected in most of the samples from the
ernbrake sites but the occasional sample from closed
fernbrake possessed fairly high {up to 11 ug g '} NO=N
cancentrations.

Fairly substantial total P levels oceurred in the soils but
concentrations of ~available™ P were generally low.
especially at the faeldmark site.

Cation exchange capacities were high and decreased
between the sites in the order closed fernbrake > open
fernbrake > fjaeldmark. Linear regression indicated that 80
per cent (P < {,001) of the variation in CEC at the three
sites was explained by the variation in dichromate-oxidizable
C levely. At the fjacldmark site, Ca was the predominant
exchangeable cation and Ca concentrations were most often

Tubhbe 1.

Soil chemistry at the fernbrake and fjackinark sites. AR nutrient concentrations are per dey weight of soil
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more than twice those of Mg. At open fernbrake, Ca
concentrafions were also higher than those of Mg but the
differences were much smaller, whereus at closed fernbrake
exchangeable concentrations of the two elements were
similar. These inter-site differences in the telative levels of
Ca and Mg become cspecially conspicuous i the
exchangeable concenirations are expressed on the basis of
the mean percentage saturation of the correspending CEC
values {Table 2).

Low concentrations of Na and K occurred at the three
sites and, for most samples, Na levels were approximately
twice those of K. Only a small proportion of the CEC was
accounted for by Ca + Mg + Na + K (Table 2).

Plani chemical compesition

Azarellu selago

levels for this cushion plant at the
fjaeldmark, open ferobrake and  closed  fernbrake
communitics are depicted in Figure 1. N and P
concentrations at closed fernbrake were consistently greater
than at open fernbrake or fjaeldmark, but the differences
were significant only during winter {i.e. from April onmward),
There were no consistent differences in  leal K
concentrations between the three sites. N, P and K levels
declined during the second half of summer but the decreases
in N and P were small and only for K were the concentration

Leaf nutrient
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Fig. Chemical compositton of Azorelfa selago leaves at closed lernbrake (@),
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values significantly (P = 0.05) lower in autumn than in
midsuinmer. Concentﬂtions of alf three elements mcreaﬁed
markedly throughout winter.

Throughout the sampling period, leaf Ca concentrations
were lower at closed fernbrake than at open fernhrake or
fjacldmark and they increased markedly afier March or
April at all three sites. At closed fernbrake they declined
again during July and August but at fjacldmark they were
highest in July. the last sampling date for this site. For all
but the July sampling date leal Mg cunccntrarioﬁ_s were
higher at fjaeldmark than at the two fernbrakes. Seasonal
changes in this element were not as marked as those of Ca.
Mg levels at fjaeldmark and open fernbrake increased
slightly (but significantly, P = .05) throughout sumnier and
then declined from March or April. At closed fernbrake. Mg
levels increased throughout most of the sampling period.

Seasonal changes in leaf Na concentrations f[or A. selage
were nutrked and were similar at the three communities.
Values increased during the second half of summer and
declined during awtumn and winter. This decline was
greatest at closed fernbrake so that whereas in summer Na
concentrations were consistently higher at this community
than at the others, during winter they resembled tiiose at
fjaeldmark.

Concentrations of N, P, K and Na in the aboveground
necromass (consisting almost entirely of dead leaves) of 4.
sefago {Fig. 2) were much lower than those in living leaves.

open fernbrake () and fjacldmark tﬂ} The

\meal bars in each Aeure indicate the smallest and fargest standard  deviatdons found for the mean concentration values,
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In contrast. Ca levels were greater in the necromass. Mg
concentrations  were  similar  in  the two phytomass
components.  Not  surprisinglv.  seasonal changes in
necromass nutrtent concentrations were much smaller than
those for living leaves. At open fernbrake and faeldmark, N
and P decreased throughout the second half of summer so
that they were significantly (P = (LU1) lower in April than in
December or January. Corresponding changes in necromass
N and P levels did not ocewr at closed fernbrake but at all
three sites they increased during winter. Ca and Mg
concentrations increased slightly (but significantly, P =
.03} during all (Ca} or most (Mg) of the sampling period at
the fjaeldmark site bul at the two fernbrakes they remained
fairly constant.

Al apen fernbrake and  fjaeldmark the necromass
concentrations of K and Na were below the detection limit
of the analytical procedure. At closed fernbrake. mean
concentrations of both elements were also low (< 0.01 )
and were associated with high levels of uncertainty (standard
deviations mostly 70 to 90 G of the mean values).

Flowering of A. selago occurred only at the open
ternbrake site and the amovnt of flowering or fruit material
in the harvest sanipies was teo small for chemical analysis.

Seasonal nutrient concentration dymamics for A. selago
live stéms are shown in Figuwre 3. Stems possessed lower
nuirient concentrations than did the leaves. except for Mg
which was consistently higher in stems. As was the case with
the leaves. N and P levels were consistently (and
significantly. P = 0.05) higher. whereas Ca and Mg were
always Jlower, at closed fernbrake than at the other two
communities. No consistent inter-site differences occurred in
stem K concentrations. Stem Na levels were very low
(<0 0.02 %) at fjacldmark and closed fernbrake. FHigher
mean concentrations of this element (up to 0.2 %) were
found for three of the sampling dates at open fernbrake. but
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these were associuled with a high degree of variability and
were possibly caused by contamination of onc or more
samples at these dates.

Stem N and K levels coxhibited approximately similar
seasonal trends and declined slightly during the second hail
of summer {except for K at fjaeldmark) and then increased
markedly Tlrom TFebruary onwards. Stem K levels at
flacldmark increased slowly during the sampling period.

Ca concentrations in A. sefago stems at closed fernbrake
declined between December and March and then increased
during winter. A similar pattern was apparent for the stems
at the fjaeldmark site but the late summer decreise was
smaller and nol significant at the 5% level, Stem Ca
concentrations al open fernbrake did not change in a
consistent pattern during the sampling period. There were
also no coherent or conspicucus changes in stem Mg
concentrations ot the three sites. but levels al closed
fernbrake were slightly (but significantly. P = {.03) lower in
June and Jly than during summer.

Nutrient concentrations in the belowground standing erop
of A. selaga (mostly tiving, bul some dead. roots) were very
similar to those for the stems, Na levels were mostly higher
{but still low. generally < (5.1 ©¢} in roots than in stems but
the differences were rarely significant because of o large
degree of variability associated with the Na measurements.

Scusonal changes in belowground nutrient concentrations
{Fig. 4} resembled those for the stems. At open fernbrake,
root N levels increased from January to significantly (P =
0.03} higher levels in May. At closed fernbrake this increase
started in March and continued until July. Changes in root N
concentrations were much less marked at the {jacldmark site
but they also increused from April, so that values were
stgnificantly higher in winter than in late summer. The
seasonal variations in belowground P and K levels at the
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Chemicad composition of 1he aboveground necromass (mainly dead leaves) of Azorefla seluge al closed fernbruke (@),
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three sites closely resembled those for N but the winter
increases at fjaeldmark were greater (and started earlicr)
than was the case with N. Ca concentrations in the A. seluge
roots declined sfter December or January at the fernbrake
communities bul  exhibited no consistent pattern at
fineldmark. Rool Mg and Na levels at the three sites varied
inconsistently throughout the sampling period.

Blechmum penna-marina

Nutrient concentrations in the aboveground vegetative
biomass (living non-reproductive  fronds) of the fern
Blechnin penna-maring at the three sites during December
1973 to December 1974 are presented in Figure 3.

Significantly (P = 0.05) higher N, P and K concentrations
occurred in fronds from closed fernbrake than in those from
the other two sites and for most sampling dates levels of the
three nutridnts were higher at open fernbrake than at
fineldmark. N, P and K concentritions exhibited similar
trends, declining from January (fernbrakes) or February
(fjzeldmark) umtit May/June. Levels remained low through
winter, except that N in fronds from open fernbrake
increased significantly between May and Auvgust. The mean
K concentration in fronds from open fernbrake was ¢. 80 ¢
higher in Murch than for the other sampling dates and this
cunmt be explained. N, P and K concentrations in fronds at
closed fernbrake were signiticantly higher in December 1973
than in December 1974, This is also difficult to explain but
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Ca (%)

Mg (%)

Na (%)

Fig. 3. Chemical composition of Azorellu selage stems at closed
fernbrake (@), open fernbrake () and fracldmark (B). The
vertical barsin each figure indicate the smallest and largest
standard deviations found for the mean concentration values.

may reflect a higher proportion of young leaves in the
biomass at the sites in December 1973, There were no
corresponding differences at the other two sites, except for
frond K concentrations at fjacldmark, which were also
significantly higher in December 1973 than December 1974
Concentrations of Ca, Mg and Na were higher in B.
penna-maring fronds  at  fjaelmark than those at the
fernbrakes. Although Mg and Na levels were generally
greater at open- than at closed lernbrake, the differences
were mostly pot significant at P 005 Frond Ca
concentrations increased at all three sites from December or
Tanuary to maximum values just before midwinter. They
then decreased markedly to low levels in carly spring. My
and Na concentrations increased from January or February
to peak values at midwinter (Mg} or carly summer (Na). Na
concentrations in fronds from open  fernbrake and
fjacldmark were significantly higher in December 1974 than
December 1973. -
Nutrient concentrations depicted in Figure § arc those in
the total biomass of sterile fronds at cach community (i.e.
those produced in the ecurrent season pius those which
overwintered) so they do not reflect the high N, P and K
levels, or the low Cu, Mg and Na levels which occur in
young sterile fronds in early and midsummer. The figore
also does not show the concentrations in reproductive
(sporulating) fronds which occur in the aboveground
biomass  from December to  Junefuly.  Nutrient
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Table 3

Range of mean nutrient concentrations (percent of dry weight}, approximately in the arder of their seasonat variation, in the reproductive
biomass (llowers and seed-heads) of the vascular plants and in stecile and sporualating Blechnum penna-maring Fronds

Site and specics N P K Ca Mg Na
Blechnum penna-marina
Sterile fronds
Closed fernbrake 3.37- 142 fd6-0.20 339-1.26 (L.30 - 0.67 0.57-{.93 D.25-1.56
Open fernbrake 298 -1.32 NAF -3 2493120 1.30 - 0.62 .59 -.0.92 0.18-0.79
Fjaeldmark 2.70- 111 W33-06.1 228-0.77 (148 -0.72 069 - 1.06 0.36-0.79
Sporulating Fronds
Closed fernbrake 2.35-1.52 {L41-0.34 2.60- 1.82 .26 - 146 Hdo - .65 0.12-0.32
Open [ernbrake 1.63-1.35 (1.32-10.25 2.29-1.69 0.32-0.48 0.5G - 1169 0.24-0.4)
Fiaeldmark 1.74 - 1.38 0.33- 018 1.&4-1.42 {1.34 - 0045 02 -0 (hL30- 044
Acaena magellanica
Closcd [ernbrake 325-.2.4n 0.27 - .21 1.76 - 1L63 (L27-0.32 0.23-1.18 0.38-0.16
Open fernbrake 2.97-2.36 .26 -0.20 1.9 - {55 .19 -0.34 0.16-1.23 0.22-0.10
Poa cookii -
Closed fernbrake 207 - 147 1125 -0.16 1.0] -1y (L8 - 0.09 (.09 - 4. L1} 014 - 4.536*
Open fernbrake 1.47 - 1.50 0.2 -0 14 L6 -0.15 (1) - 0.0y (510 - 009 0.12-0.33*
Agrostis magetlanica N
Fiaeldmark 2.66-2.747 iz- 020 1.15-1.37 NU8-0.10% 011 -0.14 0.08-0.17"
Mire-grassland*” 224 - 2.00 026-0.17 E2-1.29 008 - 010" 012004 (hL15-0.25

T Order does not rellect the scasonal progression
From Simith { [9874)
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concenlrations, approximately in the order of their seasonal
variation, in current-season sierile and sporulating fronds
are given in Table 3. Age-related changes in nutrient
concentrations were the same for sterile and sporulating
fronds: N, P and K decreased markedly, whereas Ca, Mg
and Na increased. Peak levels of N, P and K in young tissne
were higher for sterile than for sporulating fronds, with the
single exception of P for material from tjaeldmark. For fully
expanded mature fronds P and K concentrations were higher

in sporulating than in sterile material, whereas N jevels were
similer in the 1wo types. Al cquivalent stages of frond
development, Ca. Mg and Na were higher in sterile than in
fertile material. '

As wias the case for living fronds. concentrations of N, P
and. at most sampling dates, of K in dead fronds were
higher at closed fernbrake than al the other two sites {Fig.
6). Necromass P and K concentrations were consistently
higher at open fernbrake than at fiaeidmark., During late
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winter and summer N conecentrations at open fernbrake were
also higher than at fjaeldmark. Na levels were invariably
lower (but not slways significantly so) at closed fernbrake
than at the other two communities. There were no consistent
inter-site differences in Ca or Mg.

The aboveground necromass of B. penna-marina was targe
and accounted for over 75 per cent of the total aboveground
standing erop of the species (Smith 1987¢). Not surprisingly.
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Fig. 7. Chemical romposition of 1he belowground standing crop of
Blechnum penng-maring at closed lernbrake (@). open fernbrake
{a) and fjacldmark (#). The vertical bars in cach figure indicate

the smallest and fargest standurd deviations found for the mean
concentration values,

therefore, the seasonal changes in nutrient concentrations
for this component were not marked. Necromass P
concentrations increased slightly during winter at baoth
fernbrzkes so that in September they were significantly (P =
0.01) higher than in April or May. X levels al fjacldmark
and open fernbrake also increased in winter but only for
faeldmark was the increase significant ar P < (.05
Necromass Ca levels declined at fjacldmark during winter,

I
I

o7

D J F M A

Fig. 8. Chemical composition al the aboveground vegetative
biomass (excluding perennial stems) of Acaena mageffanica at closed
fernbrake (@) and open fernbrake {A). Vertical fines indicate the
standard errors of the mean values,
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Changes in belowground phytomass concentrations of N,
P and K for Acaena during the sumpling period (Fig. 11)
were generally more marked than those in the aboveground
stems (Fig. 10). Belowground N concentrations declined
throughout the sampling period at both sites. P and K also
decreased from  December but increased again  from
February (open fernbrake) or March (closed fernbrake). At
both sites there were no conspicucus changes in
belowground concentrations of Ca, Mg or Na,

Poq cookii
Concentrations of P and Mg in aboveground living shoots
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D J F M A
Fig. 12. Chemical composition in the vegetative portions of
aboveground living shoots of Por cookii al closed lernhrake {@} and
open [ernbrake (). Vertical lines indicate the standard errors of
the mean values,

143

03

0-2}-

Co (%}

Q
T

Fig. 11. Chemical composition of the betowground standing crop of
Acueria magellanica at closed fernbrake (@) und open lernbrake
{a). Vertical lines indicate the standard errors of the mean values,

of Poa cookii at the two fernbrakes decreased during the
sampling period (December to April), whereas those of the
other nutrients did not change in any coherent pattern (Fig.
12). There were no consistent inter-site differences in shoot
concentrations of N, P, K or Ca. Mg and Na levels were
consistently {but not always significantly) lower at -open-
thar: at closed fernbrake. -

P. eookii flowered at both sites in September and October
and some capitula remained on the plants until March or
April. Nutrient concentrations in the reproductive biomass
of this species, approximately in the order of their seasonal
variation, are given in Table 3. No significant inter-site
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Fig. 13. Chemical composition of the abovepround necromass of Pog cookif at closed fernbrake (@) widd open lernbrake (). Vertical lines

indicate lhe standard errors of the mean valoes,

differences occurred in these concentrations. Age-specific
decreases in N. P and. eéspecially. K in the reproductive
biomass were marked. Ca and Mg levels were very low and
did not chunge significantly during the sampling period. Na
concentrations were higher than those of Ca or Mg and, at
both sites, decreased markedly [rom December to February
and then increased to April,

Concentrations of N and Mg in the aboveground

05

o4

Q-2 1 ; ] 1 7
b J F M A

necromass {dead leaves and stems) of P, cookii at closed
ternbrake were consistently higher than those al open
fernbrake (Fig, 13). P and K levels were also higher at the
closed community during December and fannary but were
similar ;at the two sites later in the season. No significant
inter-site  differences occurred  in necromass  Ca
concentrations, which were highest during Januwary to
March. N, P and K concentrations decreased from high
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Fig. 14, Chemical compasition of the belowground standing crop ol Poa cookii al closed fernbrake (@) and open fernbrake (&), Vertical

lines indicate the standard errors of the mean values.
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three sites closely resembled those for N but the winter

increases at fjaeldmark were greater {and started carlier)
than was (he case with N. Ca concentrations in the A. sefage
roots declined after December or January at the fernbrake
communities but exhibited no consistent pattern at
fjacldmark. Root Mg and Na levels at the three sites varied
inconsistently throughout the sampling period.

Blechnum penna-marina

Nutrient concentrations in the aboveground vegetative
biomass (living non-reproductive fronds} of the fern
Bigchnum penna-marina 1 the three sites during December
1973 to December 1974 are presented in Figure 5.

Significantly (P = (1.03) higher N, P and K concentrations
occurred in fronds trom closed fernbrake than in those from
the other two sites and for most sampling dates fevels of the
three nutrients were higher at open fernbrake than at
ffacldmark. N, P and K concentrations exhibited similar
trends, declining from January (fernbrakes) or February
(fjeeldmark) until May/June. Levels remained low through
winter, except that N in fronds from open fernbrake
increased significantly between May and August. The mean
K concentration in fronds from open fernbrake was ¢. 80 <
higher in Murch than for the other sampling dates and this
cannot be explained. N, P and K concentrutions in fronds ai
closed fernbrake were significantly higher in December 1973
than in December 1974, This is also difficult to explain but
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Ca #4)

Mg (%}

Na {%4)

Fig. 3. Chemical compusition of Azorefla selago stems al closed
fernbrake (@), open lernbrake (a) and fjacldmark (M), The
vertical bars in each figure indicate the smallest and largest
standard deviations found for the mean eoncentration values.

may reflect a higher proportion of young leaves in the
biomass at the sites in December 1973. There were no
corresponding differences at the other two sites. except for
frond K concentrations at [jaeidmark. which were also
significantly higher in December 1973 than December 1974,
Concentrations of Ca, Mg and Na were higher in B.
pesra-maring  fronds  at fjaelmark than those al the
ferubrakes. Although Mg and Na levels were generally
greater at open- than at closed fernbrake, the differences
were mostly not significant ar P2 0,050 Frond Ca
concentrations increased at all three sites from December or
Tanuary to maximum vaives just before midwinter. They
then decreased markedly to low levels in early spring, Mg
and Na concentrations increased from January or February
to peak values at midwinter (Mg} or early summaer (Na). Na
concentrations  in  fronds from open fernbrake and
ffaeldmark were significanily higher in December 1974 than
PDecember 1973, )
MNutrient concentrations depicted in Figure 5 are those in
the rotal biomass of sterile fronds at each community (i.e.
those produced in the current season plus those which
overwintered} so Lhey do not reflect the high N, P and K
levels, or the low Ca, Mg and Na levels which occur in
voung sterile fronds in early and midsummer. The figure
also does not show the concentrations in reproductive

{sporulating) fronds which occur in the aboveground
biomass  from  December to  Juneluly.  Nuotrient
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ternbrabe (@), open lermbrake () and fueldmark (W), Ihe
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destativns tound lor the mean concentration values,
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Fig. 3. Chemical composition of Blechnum pempa-maring sterile
fronds at closed fernbruke (@), open {ernbrake {4 ) and facldmark
(). The vertical bars in cach figure fndicaie the smallest and targest
standard deviations found tor the mean concentration values.
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There were no conspicuous seasonal changes for Mg or Na.

P concentrations in the belowground standing crop of B.
perna-marina (toots and rhizomes) were consistently highest
at closed fernbrake and lowest at fjaeldmark (Fig. 7). At
most sampling dates similar infer-site differences occurred
for N, but during winter and spring the N levels were simila;
at Lthe two lfernbrakes. Na levels were highest at fjaeldmark
and s0 were those of Mg during summer, Na concentrations
in B. pesna-tnaring rocis and rhizomes were especially low
at the two fernbrake sites, generally < G.02 per cent. There
were  no  consistent  inter-site  differences in  the
concentrations of K or Ca.

N concentrations in the belowground standing crop of 8.
penng-maring declined during summer at all three sites, This
decline continued unti! April at epen fernbrake and
tfjaeldmark and until May at closed fernbrake. At the two
open communities, N levels then increased during winter but
at closed fernbrake they remained low throughout winter
and only increased in spring, Belowground P concentritions
for B. penna-maring showed no discernible seasonal patiern
at fjaeldmark; ar the two fernbrake sites they increased
slightly during winter so that values were significantly (P =
0.03) higher in spring than in autumn. Seasonal changes in
belowground K concentrations were marked and were
similar at the three sites. At open fernbrake and fjacldmark
they increased from Deceriber/January to maximum levels
in August/September. At closed fernbrake this increase
staried later (April) but maximum values were also attained
in August. At all three sites, belowground K concentrations
declined sharply during spring and early summer. Contrary
to what was found for the leaves, the concentrations of N, P
and K in B. penna-marina roots and rhizomes were not
significantly different between the two December sampling
dates.

14

Fig. 9. Chemical composition of the aboveground necromass of
Aceenta magellanica at closed fernbrake (@) and open fernbrake
{a). Vertical tings indicate the standard ervors of the mean values.

Belowground Ca concentrations in B. penna-maring
exhibited & well-defined scasonal pattern. Values declined
from DecemberJanuary until August and then increased in
spring and early summer. At open fernbrake the August
value was high and inconsistent with this general trend.
However, the differences between the value in August and
minimum concentrations in July and October were not
significant at the 5 per cent level. No discernible seasonal
pattern occurred in belowground concentrations of \Iﬂ ar
Na for B. penna-marina.

Acaena magellanica

Mutrient concentrations in the living vegetative paits of
current-season Acaena shoots (leaves, petioles and curreni-
scason stems but excluding flowers. seed-heads or scapes) at
Lhe fernbrake sites from December 1973 to April 1974 are
depicted in Figure 8. Shoot N, P and K concentrations were
consistently higher {P = 0.05) at closed fernbrake, whereas
those of Ca, Mg and Na did not differ between the two sites.
N, P and K decreased, and Ca increased, throughout the
sampling period. Mg and Na concentrations also inecreased
slightly during this period but values in April were not
significantly higher than those in December.

Inflorescences and/or seed heads of Acaena were present
at both study sites throughout the sampling period. Nutrient
levels in the reproductive biomass (inflorescences and
scapes) are given in Table 3. N and P levels were higher, and
Ca, Mg and Na levels lower, than in the vegetative shoot
biomass. K concentrations were similar in the two
components. The age-related concentration changes in the
reproductive material were the same as those for the
vegetative biomass, i.e. N, P and K decreased, whereas Ca,
Mg and Na increased with age although, as was the case with
the shoot concentrations. the increases in Mg and Na were
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Nutrient concentrilions in the aboveground necromass of
Acaena {dead leaves and petioles. occasionally dead stems)
are given in Figure 9. Concentrations of M, P and,
especially, of K were lower in the necromass than in living
shoots. Mg levels were similar in 1he two phytomass
components. At closed  fernbrake, necromass Ca
concentrations  were  consistently  higher. and  Na
concentrations lower. than those tn living shoots. For most
sampling dates these differences were significant at P =
.05, Corresponding differences did not occur at the open
fernbrake site. Within sampling dates. a substantial amount
of variability was associated with the putrient concentration
estimates for the aboveground necromass of Acaena. Inter-
site difterences in necromass N, P and K concentratiens
were therefore not as marked, or as significant. as those in
the shoot biomass. Necromass N and P levels were most
often higher, and K levels lower, at closed fernbrake than at
open fernbrake but for most sampling dates the differences
were not significant at the 3 per cent level. Ca and Mg
concentrations were generally greater at closed fernbrike
but the differences were only significant in the case of Ca.
Necromass Na levels were consistenily lower at closed
fernbrake.

Because of the large within-sampling-date variability in
the Acaena necromass nutrient data. the concentration
changes during the sampling period {(Fig. U} were not as
conspicuous as those which occurred in the live shoots.
Necromass N and P concentrations declined after December
or January at both fernbrakes. but the changes were only
sigmificant at open fernbrake. No consistent changes in K
levels occurred at either site. Ca and Na increased from
January {closed fernbrake) or February (open fernbrake) to
significantly higher values in April. Necromass Mg vatues
were also significantly higher in April than in midsummer
for open fernbrake but not for closed fernbrake.

S, Afr. T. Nav. Antarkt., Deel 17, No, 2, 1987
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Fig. 1). Chemical compaosition of the sboveground perennial stems
of Acaena magellanica at closed fernbrake () and open fernbrake
{). Vertical lines indicate the standard errors of the mean vatues.

Living aboveground perennial stems formed the largest
component m the aboveground biomass of Acaena {Smith
1987¢). Concentrations of N. P Ca and Mg in the current-
year shoots were commonly double. and those of K and Na
3 to 4-fold. those in stems. Intersite differences in stem
nutrient concentrations (Fig. 10) were similar to those for
current scasen shoots. Acaena stems at closed fernbrake
possessed significantly greater concentrations of N and P
than those at open fernbrake. Stem K levels were also
higher at closed- than at open fernbrake but, at most
sampling dates. the differences were not significant at P <
(.05, At closed ferpbrake stem N, P and K concentrations
declined consistently from January to April but the overall
changes were not significant at the 5 per cent level. Stem N
and P levels at open fernbrake did not vary in a consistent
pattern but K concentrations declined significantly between
January and March. At both sites there were no consistent
changes in the stem concentrations of Ca, Mg or Na during
the sampling period. Unlike the shoots, stem Ca
concentrations were lower at closed fernbrake than at open
fernbrake. Stem Na levels were consistently slightly lower at
open fernbrake but the differences were not significant.
There were no consistent inter-site differences in stem Mg
concentrations.

Nutrient concentrations in the belowground standing crop
of Acwena (mainly roots, but imcluding buried stems) are
given in Figure 11, Belowground N and Ca concentrations
were slightly lower than in aboveground stems, whéreas
concentrations of the other nutrients were similar in the two
standing crop components. There were no significant inter-
sile differences in the belowground nutrient concentrations
for Acaena, but Ca levels were consistently higher at open
fernbrake than at closed fernbrake. This might have been
due to a greater proportion of buried stems in the
belowground standing crop at the open fernbrake site (Smith
1987¢).
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Table 3
Range of mean nutrient concentrations (pervent of dry weight), upproximately in the order of their seasonal variation, in the reproductive
hiomass (Anwers and scéd-heuds) of the vascular plants and in sterile and sporulating Blechnionm penna-maring lvands
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Site and species N P K Ca Mg Na’

Blechnum penna-morina
Sterile fronds

Closed fernbrake 3.37-1.42 U.4e - .20 339-1.26 (1.36 - 0.67 .57 -1.93 {L25 - 41.56

Cpen fernbrake 2.94-1.32 B3 -013 293-1.24 (0.3 - (0.62 U549 -0.92 0.18-0.74

Fiaeldmark 270- 1.1 (h33 1010 228097 048 -0.72 0,69 - 1.06 (.36 -14.79
Sporulating fronds

Closed fernbrake 2.35-1.52 0.4 - (.34 2.660-1.82 10.26 - (1L46 .46 -{1.65 0.12-0.32

Open fernbrake 1.63-1.33 0.32-0.25 229- 168 (132 - 048 0.59-{).69 0,24 - 4141

Fjacldmark 1.74 - 138 0.33-0018 1.84-1.42 11.34 - (1,48 0.52-0.74 030 - 046
Acaena magelfanicn

Closed [ernbrake 3.25-2.46 (127 -0.21 1.76 - (.65 (0,27 -0.32 .23 -0.14 0.38-0.16

Open fernbrake 2.37-2.30 (126 -0.20 169 - 055 0.19-0.34 0.16 - 0.23 022000
Poa cankil

Closed fernbrake 247-1.47 (125 - 016 1.401-0.19 008 - (.00 009 - 0,10 014 - 0.36%

Onpen fernbrake 1.97 - 1.50 (.24 -1h 16 {LI1G-0.15 .10 =049 016 -0y 120,33
;’tgmsﬁs magellanica

Fjactdmark 2.66-2.047 (.33 - (.20 115 - 03 (.08 - {1 1" 011 -804 U.08 - 017"

Mire-grassland™* 229 22,00 (.26 - 017 1.02-029 (.08 - 0. 10 (.12 - (13 0.15 - 0.25*

Order does not reftect the seasonal progression
© From Smith {19870}
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concentrations, approximately in the order of their seasonal
variation. in current-season sterile and sporulating fronds
arc givert in Table 3. Age-related changes in nutrient
concentrations were the same for sterile and sporulating
fronds: N, P and K decreased markedly., whercas Ca, Mg
and Na increased. Peak levels of N. P and K in voung tissuc
were higher for sterile than for sporulating fronds, with the
single exception of P for material from fjaeldmark. For fully
expanded mature fronds P and K concentrations were higher

Ca (%)

03%)
0-8

Mg (%)

O7L ! 1 1 3 I 1 1 1 1 1 i )
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0-20f _ ]
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Fig. 6. Chemical composition of dead Blechnum pednicimarin
fronds at closed lernbrake (@), open {ernbrake () ad facldmark
{8, The vertical bars in cach figure tndicate the smullest aad fargest

standard deviations found for the mesn concentration valucs.

in sporulating than in sterile material, whereas N levels were
similer in the two (ypes, At equivalent stages of fromd
development, Ca. Mg and Nu were higher in sterile than in
fertile material.

As was the case for living fronds. concentrations of N. P
and. at most sampling dates, of K in dead fronds were
higher at closed fernbrake than at the other (wo sites {Fig,
6). MNecromass P oand K concentrations were consistently
higher at open fernbrake than at fjaeldmark. During late
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winter and summer N concentrations at open fernbrake were
also higher than at fjaeldmark. Na levels were invariably
lower {but not always significantly so} at closed fernbrake
tharm it the other two communities, There were no consistent
inter-site differences in Ca or Mg.

The aboveground necromass of B. penna-maring was large
and accounted for over 75 per cent of the total aboveground
standing crop of the species {Smith [987c). Net surprisingly.
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Fig. 7. Chemical composition of the belowground standing erop of
Blechnum penna-maring a1l closed fernbrake (@), open fernbrake
{a) and fjacldmark (M). The vertical bars in each figure indicate
the smallest and largest standard deviations found lor the mean
concentration values,

therefore, the seascnal changes in nutrient concentrations
for this component were not marked. Necromass P
coneentrations incrensed slightly during winter al both
fernbrakes so that in September they were significantly (P =
0.01) higher than in April or May. K levels at fjaeldmark
and open fernbrake also increased in winter but only for
fjueldmark was the increase significant at P < {.05.
Necromass Ca levels declined at fjaeldmark duting winter.
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Fig. 8 Chemical composition ol the aboveground vegetative
biomass (excluding perennial stems) of Acaena magelfunice at closed
fernbrake (@) and open fernbrake (&), Vertical lines indicate the
standard errors of the mean values,
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There were no conspicuous seasonal changes for Mg or Na.

P concentrations in the belowground standing crop of B.
penna-marina (toots and rhizomes) were consistently highest
at closed fernbrake and lowest at fjaeldmark (Fig. 7). At
most sampling dates similar inter-site differences occurred
for N, but during winter and spring the N levels were similat
al the two fernbrakes. Na levels were highest at fjaeidmark
and so were those of Mg during summer. Na concentrations
in B. penna-maring roots and rhizomes were especially low
at the two fernbrake sites, generally < 0.02 per cent. There
were no consistent inter-site  differences  in  the
concentrations of K or Ca.

N concentrations in the belowground standing crop of B.
peang-marina declined during summer at all three sites. This
decline continued untilt April at open fernbrake and
fiacldmark and until May at closed fernbrake. At the two
open commuitics, N levels then increased during winter but
at closed fernbrake they remained low thronghout winter
and only increased in spring. Belowground P concentrations
for B. penna-marina showed no discernible seasonal pattern
at fjueldmark; at the two fernbrake sites they increased
slightly during winter so that values were significantly (P =
(.03) higher in spring than in auturmn. Seasonal changes in
belowground K concentrations were marked and were
similar at the three sites. At open fernbrake and fjaeldmark
they increased from December/January to maximum levels
i August/September. At closed fernbrake this increasc
started later {April) but maximum values were also attained
in August. At all threc sites. belowground K concentrations
declined sharply during spring and early summer. Contrary
to what was found for the lecaves, the concentrations of N, P
and K in 8. penna-marina roots and rhizomes were not
significantly different between the two December sampling
dates.
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Fig. 9. Chemieal composition of the aboveground necromass of
Avaena magellanica al closed fernbrake (@) and open lernbrake
(). Vertical lines indicate the standard errors of the mean values.

Belowground Ca concentrations in B. penna-piaring
exhibited a well-defined seasonal patiern. Values declined
from December/Tanuary until August and then increased in
spring and early summer. At open fernbrake the August
value was high and inconsistent with this general ‘trend.
However, the differences between the value in August and
minimum concentrations in July and October were not
sigmficant ai the 5 per cent level. No discernible seasonal
pattern occurred in belowground concentrations of Mg or
Na for B. peana-muaring.

Acaena magellanica

Nutrient concentrations in the living vegetative parts of
current-season Aeaena shoots (leaves, petioles and current-
season stems but excluding flowers, seed-heads or scapes) at
the fernbrake sites from December 1573 to April 1974 are
depicted in Figure 8. Shoot N. P and K concentrations were
consistently higher (P < 0.05) at closed fernbrake, whereas
those of Ca, Mg and Na did not differ between the two siles,
N, P and K decreased, and Ca increased, throughout the
sampling period. Mg and Na concentrations also increased
slightly during this period but values in April were not
significantly higher than those in December.

Inflorescences and/or seed heads of Acaena were present
at both study sites throughout the sampling period. Nutrient
levels in the reproductive biomass (inflorescences and
scapes) are given in Table 3. N and P levels were higher, and
Ca, Mg and Na levels lower, than in the vegetative shoot
biomass. K concentrations were similar in the two
components. The age-related concentration changes in the
reproductive material were the same as those for the
vegetative biomass, i.e. N, P and K decreased, whereas Ca,
Mg and Na increased with age although, as was the case with
the shoot concentrations. the increases in Mg and Na were
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Nutricnt concentrations in the aboveground necromass of
Acqena (dead leaves and petioles, occasionally dead stems)
are given in Figure 9. Concentrations of N, P and,
especially, of K were lower in the necromass than in living
shoots. Mg levels were similar in the two phytomass
components. At closed fernbrake. necromass Ca
concentrations  were  consistently  higher,  and  Na
concentrations lower, than those in living shoots. For most
sampling dates these differcnces were significant at P =
0.03; Corresponding differences did not occur at the open
fernbrake site. Within sampling dates, a substantial amount
of variability was associated with the nutrient concentration
cstimates for the aboveground necromass of Acaena. Inter-
site differences in necromass N. P and K concentrations
were therefore not as marked, or as significant, as those in
the shoot biomass. Necromass N and P levels were most
often higher. and K levels lower, at closed fernbrake than at
open fernbrake but for most sampling dates the differences
were not significant al the 5 per cent level. Ca and Mg
concentrations were penerally greater at closed fernbrake
but the differences were only significant in the case of Ca.
Necromass MNa levels were consistently lower al closed
fernbrake.

Because of the large within-sampiing-date variability in
the Acaena necromass nutrient data. the concentration
changés during the samphing period (Fig, U) were not as
conspicuous as those which occurred in the live shoors.
Necromass N and P concentrations declined after December
or }miuary at both lernbrakes. but the changes were only
significant at open fernbrake. No consistent changes in K
levels occurred at either site. Ca and Na increased from
Jamuary {closed fernbrake} or February (open fernbrake) to
stgnificantly higher values in April. Necromass Mg values
were also significantly higher in April than in midsummer
for open fernbrake but not for closed fernbrake.

S, Afe T, Nav. Antarkt., Deel 17, Ne. 2, 1987
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Fig. 18, Chemical composition of the aboveground perennial stems
of Acaena magefanica at closed fernbrake (@} and open fernbrake
(.} Vertical lines indicate the standard errors of the mean values.

Living aboveground perennial stems formed the largest
component in the aboveground biomass of Acacne (Smith
1987ch. Concentrations of N P, Cu and Mg in the current-
year shoots were commonly double, and those of K and Na
3 to 4-fold. those in stems. Tntersite differences in stem
nufrienl concentrations (Fig. 10) were similar to those for
current season shoots. Acaena stems at closed fernbrake
possessed signilicantly greater concentrations of N and P
than those at open [ernbrake. Stem K levels were also
higher at closed- than al open fernbrake bul. at most
sampling dates. the differences were not significant al P =
0.05. A1 closed fernbrake stem N, P and K concentrations
declined consistently trom Ianuary 1o April but the overall
changes were hot significant at the 3 per cent level. Siem N
and P levels at open fernbrake did not vary in a consislent
pattern but K concentrations declined significantly between
January and March. At both sites there were no consistent
changes in the stem concentrations of Ca, Mg or Na during
the sampling period. Unlike the shoots, stem Ca
concentrations were lower at closed (ernbrake than at open
fernbrake. Stem Na levels were consistently slightly lower at
open fernbrake but the differences were not significant.
There were no consistent inter-site differences in stem Mg
concentrations.

Nutrient concentrations in the belowground standing crop
ol Acaena {mainly roots, but including buried stems) are
given in Figure !l. Belowground N and Ca concentrations
were slightly lower than in aboveground stems, whereas
concentrations of the other nutrients were similar in the two
standing crop components. There were no significant inter-
site differences in the belowground nutrient concentrations
for Acaena, but Ca levels were consistently higher at open
fernbrake than at closed fernbrake. This might have been
due to a greater proportion of buried stems in the
belowground standing crop at the open fernbrake site (Smith
[987¢).
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Changes in belowground phytomass concentrations of N,
P and K for Acaena during the sampling period {Fig. 11)
were penerally more marked than those in the aboveground
stems (Fig. 10). Belowground N concentrations declined
throughout the sampling period at both sites. P and K also
decreased from  December but increased again from
February (open fernbrake) or March {closed fernbrake). At
both sites there were no conspicuous changes in
belowground concentrations of Ca, Mg or Na.

Poa cookii
Concentrations of P and Mg in aboveground living shoots
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Fig. 12. Chemical composition in the vepetative portions of
aboveground living sheots ol Poa cookii at closed fernbrake (@) and
open fernbrake {a). Vertical lines indicale the stundard errors of
the mean values.
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Fig. 11. Chemical composition of the belowground standing crop of
Acaena magellanica at closed fernbrake (@) and open fernbrake
{#). Vertical lines indicate the standard crrors of the mean values.

of Poa cookit at the two fernbrakes decreased during the
sampling period (December to April}, whereas those of the
other nutrients did not change in any coherent pattern.(Fig.
12). There were no consistent inter-site differences in shoot
concentrations of N, P, K or Ca. Mg and Na levels were
consistently (but not always significantly} lower at open-
than at closed fernbrake. -

P. cookii fltowered at both sites in September and Gctober
and some capitula remained on the plants until Mar¢h or
April, Nutrient concentrations in the reproductive biomass
of this species, approximately in the order of their seasonal
variation, are given in Table 3. No significant inter-site
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Fig. 13, Chemicat composition of the aboveground necromass of Pog cookii at closed fernbrake (@) and open fernbrake {a), Vertical lines

indicate the standard errors of the mean values.,

dilferences occurred in these concentrations. Age-specific
decreases in N. P and. especially. K in the reproduclive
biomass were marked. Ca and Mg levels were very low and
did not change significantly during the sampling period. Na
concentrations were higher than those of Ca or Mg and, at
both sites, decreased markedly from December to February
and then increased to April.

Concentrations of N and Mg in the aboveground
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necromass {dead leaves and stems) of P. cookii al closed
fernbruke were consistently higher than those at open
fernbrake (Fig, 13). P and K levels were also higher at the
closed community during December and Janvary but were
similar at the two sites later in the season. No significant
inter-site. differences  occurred  in necromass  Ca
concentrations. which were highest during fanuary to
March. N, P and K concentrations decreased fram high
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Fig. 14, Chemical composition of the belowground standing crop of Pou cookis al closed fernbrake (@) anid open fernbrake (). Verticad

lines indicate the standard errors of the mean valies.
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values in December or Janwary. Mg and Na declined at
closed fernbrake from January maxima to significantly lower
values in April. At open fernbrake, necromass Mg levels did
not change significantly during the sampling period, whereas
Na levels decreased from December to February and then
increased to April. However, because of the large standard
errors assoctated with the necromass Na concentration
meusurements. these chanpes were not significant at the 5
per cent level, nor were the inter-site differences in Na
significant, except at the February sampling date.

N and P cancentrations in the belowground standing crop
(roots, rhizomes and stem bases) of P. cook#i (Fig. 14) were
higher at closed- than at open fernbrake, except in the case
of N af one sampling date. N concentrations did not change
significantly or consistently at either site during the sampling
period, At closed fernbrake, P levels declined significantly
between February and April. A smaller decrease in P also
occurred at open fernbrake during the same period but it
was not significant at P = 0.05. Belowground K
concemtrations were similar at the two sites and increased
markedly during the sampling period. Ca values were
greater at open fernbrake and at both sites they decreased
from maxima in January to significantly lower levels in
March and April. A similar pattern occurred for Mg at open
fernbrake but not at cleosed fernbrake. Belowground Na
concentrations in P. covki were similar at the two sites for
the first three sampling dates but levels then increased
significantly in March and April at closed fernbrake.

Agrostis magellanica

Nutrient concentrations in aboveground live  shoots
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Fig. 15. Chemical composition ol the wvegetative aboveground
portions of living shools ol Agrostis muagellanica a1t fjacldmark.
Vertical lines indicate the standard errors of the mean values. .

(leaves and stems} of Agrosiis magellanica at the fiaeldmark
site between December 1973 and May 1974 are given in
Figure 15. Changes in shoot nutrient levels were very similar
10 these observed at a mire-grassland for the same period
(Smith 1Y87a), i.e. N, P and K decreased and Ca tnereased
with time. No consistent changes occurred for Mg and Na
during the sampling period but, as at the mire-grassland, the
amount of within-harvest variability associated with the
shoot concentration estimates of these two elements was
greater than for the other nutrients. .

Flowers and seed-heads ({reproductive bicmass)
represented &  greater proportion of the aboveground
bicmass of A. magellanica at fjaeldmark than at the mire-
grassiund. N. 2 and K concentrations in the repraductive
biomass were also consistently higher at flaeldmark than at
the mire-grassland (Table 3 and Smith 1987a). There were
no age-reluted changes in N levels in the reproductive
hiomass but concentrations of P oand, especiallve of K
declined during the scuson. Ca levels remained™ lairly
constanl. whereas those of My increased during the sampling
perind. Ca and Mg concentrations were not different
between the flackdmark und the mire-grasshimd site, Na
levels in the reproductive biomass were higher at flacidmark
and did not change in any consistent pattern during the
sampling period.

Concentrations of N, Mg, Na und. especially, P and K
were substantially lower in the necromass (Fig, 16) than in
the biomass (Fig. 15} of A, mageflanica. Necromass P levels
were below the detection limit of the anulyvtical procedure.
with the exception of sume samples in December. Ca
concentralions in the necromuss were gher than in the
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biomisss. These differences between living and dead shoots
were the same as those found for this species at the mire-
grassland. The seasonal pattcrns of necromass nutrient
concentrations at fijaeldmark {Fig. 16) were alwo similar to
those - at the mire-grassland site. N declined berween
December and February and then increased markedly, A
stmilar pattern oceurred for K, except that values started
increasing earlier (January). There were no consistent
changes in necromass concentrations of Ca, Mg or Na during
the sampling period.

N. P and K concentrations in the belowground standing
crop (roots and rhizomes) of Agrostis mageflanica at the
fiaeldmark sile did not change in any coherent pattern
between December and May, whereas concentrations of Cu.
Mg and Na declined sharply from maximum levels in
December {Fig. 17). Belowground P concentrations for A.
mageltanica at fjaeldmark were much lower (5 to 10 times),
and Ca, Mg and Na concentrations much higher (up to 10
times) than at the mire-grassland {Sinith 19872y, Maximum N
and K values were higher at the study mire but. for most
sampling  dates, there were no significant intersite
differences in concentrations of these two elements.

Discussion

Suil putrients

Soil  nutrient concentrations al the fjaeldmark and
fernbrake sites during the 1973/74 summer (Table 1) were
very similar to those found there in the summers of 1971.72
and 197273 (Smith 1976b. 1977b). In the earlier studies
CEC was determined by Ca™ {as CaCl) sataratjon, which
vields much lower (30 to 73 %) values for the islamd soils
than does the ammonium acetate procedure. The CEC
estimates in Table 1 are therefore greater than reported

S. Afr. T. Nav. Antarkt., Deel 17, No. 2, 1987
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Fig. 16. Chemical composition of the aboveground necromass of
Agrostis mageffanica at (jaeldmark. Vertical lines indicate the
standard errors of the mean values.

previously for the three sites (Smith 1976b) and
consequently the percentage cation saturation values (Table
2} are higher than those given before (Smith 19770, 1978a,
1978b}. The ranges in soil pH values presented in Table 1
are shifted upward by 0.4 to 0.5 units compared to those
reported  before (e.g. Smith [976b, 1977b). Earlier
determinations were made on 0.01 M CaCl: suspensions of
the seils, which are known to yield lower (by approximately
0.5 units) pH estimates than do soil-water suspensions (e.g.
Peech 1963).

Scils at the three sites were fairly organic and maximum
organic {dichromate-oxidizable) € contents at the two
fernbrakes were similar to those at the mire-grasslands
(Smith 1987a}. Organic (Kjeldahl) N levels were also fairly
high (0.4 to 2.6 5%). but inorganic N concentrations were
even lower than at the mire-grasslands, which have been
shown to be exceptionally poor in NHi-N and NG«N. Loach
(1966) considered 0.04 per cent total P to be the minimum
level for P sulficiency in organic soils. Nearly all of the
samples from the fjacldmark and fernbrake sites posscssed
higher levels than this. Total and “available™ concentrations
of N and P decreased between the sites in the order closed
fernbrake > open fernbirake > fjaeldmark.

Exchangeable K concentrations {0 to 1.2 mequiv 100 g}
at the three study sites were in the lower part of the range of
values (0.38 10 2.54 mequiv 100 g ) reported for sails from
Macquarie, Kerguelen and Heard Islands (Piper 1938),
South Georgia (1.2 - 3.8 mequiv 100 g *; Lewis Smith &
Walton [975) and a variety of tundra sites {Brown & Veum
HW74). They were similar 10 those reported for wet heaths
and bogs in England and lreland (Boatman 1961. Loach
1966). For the majority (78 7} of samples collected at the
three Marion [sland sites during 1971 to 1974, exchangeable
K values were < 0.4 mequiv 10 g * which, even for peaty
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Fig. 17. Chemical composition of the belowground standing crop of Agrovis magellanica at fjacldmark. Vertical lines indicate the standard

errors of the mean values.

soils, is low, Considering that K is the cation taken up in the
largest quantities by the plants, the island soils were
suspected of being deficient in this element (Smith 1976¢).
However, Smith (1978¢) showed that application of NPK
fertilizer at an open fernbrake site did not cause an increase
in leaf K concentrations for Pou cookii, Blechnum penna-
maring or Acaena magelianica. Exchangeable K levels were
mostly highest at closed fernbrake and lowest at fjaeldmark
{Table 1). They were mostly slightly lower at the open
lerntwake and fjaeldmark sites than at the mire-grasslands
{Smith 19874},

Concentrations of exchangeable Ca (1.7 to 13.0 mequiv
100 g ') and Mg (2.1 to 14.1 mequiv 100 g '} at fjaeldmark
and the two fernbrakes rescmbled those at the mire-
grasslands and were also similar to values reported for other
sub-Antarctic istands (1.0 to 15.2 mequiv Ca 13 g 2.2 10
1.7 nreguiv Mg 100 o °; Piper 1938). They were within the
rannge of values found for organic soils at northern
hemisphere  subpelar  areas  (Brown & Veuwm [974).
However. for the sub-Antarctic soils generally, there is a
greater itnportance of Mg, relative to Ca, than at northern
hemisphere tundra sites, espectally the more continental
ones.

Exchangeable Cix comcentrations, expressed on the basis
of their pereentage saturation of the CEC (Table 2).
increased in the order, closed fernbrake < open fernbrake <
fjaeldmark. Expressed on the same basis, there were no
significant, or consistent. differences in exchangeable Mg,
Ni or K levels between the three sites. Absolute values of
exchangeable Mg were mostly lower at fiaeldmark than at
the two fernbrakes and those of K were generally highest at

closed fernbrake and lowest at fjacldmark (Table 13. -

N consistent or coherent trends in  seil satrient
concentrations occurred at the three sites during the
sampling period, which did not include midwinter o spring.
However, it is considered unlikely that significant changes in
nutrient levels cecurred during winter or spring since none
were shown at the nearby mire-grassland communities
(Smith 19874) and soil freezing has not been observed at the
closed- or open fernbrake site. At the fiacldmark site the
top 2 or 3 om freeze for short periods in winter, as at the
mire-grasslands,

Plant nutrients

Intersite comparisons and comparison with previously
reported nutrient concentration values for the island plants

Nuirient concentrations presented here for the leaves and
shoots  (as well as the aboveground necromass and
belowground organs) of species occwrring at the fjaeldmark
and fernbrake sites were very similar to those reported
previously for the same species at a wider range of plant
communitics at the island (Smith 1977b). Main exceptions
arc the higher mean N and P (and lower Mg} levels
previously reported for B. penna-sruring and higher Na, but
lower Ca. levels for Azerefla selago. Earlier mean values for
B. peana-maring were influenced by the inclusion of samples
from sites manured by animals {e.g. tussock grasslands). The
differences for A. selago cannot readily be explained but
may refiect the fact that more samples from non-rocky sites
{e.g. closed fernbrake, tussock grassland, drainage lines,
slope crests and mires} were represented in the earlier mean
estimates and these samples had lower Ca and higher Na
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concentrations than did samples from fjaeldmarks and epen
fernbrakes. The lower Ca concentrations reported earlier
than presented here for A. selage might also have resulted
from the inclusion of samples from: grey lava areas, where
soil exchangeable Ca levels were approximately half those at
the black lava sites considered in this investigation (Smith
1977b).

Differences in plant nutrient concentrations between the
flaeldmark, closed- and open fernbrake sites were fairly
consistent for the various species, as well as for the different
phytomass -components within specics. N, P and XK
concentrations mostly decreased in the order closed
fernbrake > open fernbrake > fjacldmark. Notable
exceptions were the shoot biomass of P. cooksi, for which
concentrations of all three elements were similar at closed-
und open fernbrake, and similar K concentrations at all
three sites for the leaves, stems and roots of A. selago. Ca
and Mg concentrations were generally higher in plant tissue
from fjaeldmark and open fernbrake than from closed
fernbrake, excepting for the shoot biomass and necromass of
Acaena magelignica and shoots of P. cookii. Although total
sail levels of N and P indicate neither the amount nor rate of
refease of available forms of these elements. and cven the
instantaneous values of the inorganic forms are ualikely to
be correlated with the total amounts available to the piants
during the growing season. to some extent the inter-site
differences in N, P, K and Ca concentrations in the
phytomass resemble  the corresponding  differences,
discussed previously, it the soil levels of these nutrients.

P. K, Mg and Na concentrations in aboveground living
shoots of Agrostis magellanica at the fjueldmark site (Fig.
15) were 50 to 100 per cent greater than the same species in
a mire-grassland (Smith 19874), For most sampling dates.
shoot N and Ca levels were also slightly higher at
fjaeldmark, N. K, Mg and Na levels in Agrostis shoots at
fiaeldmark were higher, and P levels lower. than in shoots of
P. cookii, the other grass species considered in this study.
Mg conicentrations were similar in the two grass species.

Comparison between life-forms

N. P; Ca and Mg concentrations in A. selego and B.
penna-marina leaves, and in the green portions of
aboveground Acaena magellanica shoots. were considerably
higher than. those in aboveground shoots of Agrostis
magellanica and P. cookil, or of Uncinie compacta and
Juncws scheuchizerioides at o mirc-grassland. B, penna-
maring. wd A selago alse exhibited much higher leaf
cancentrations than did the four graminaceous species.
These observations accord with those from South CGeorgia
(Walton & Lewis Smith 1980} and most nothern hemisphere
tundras- (Rodin & Bagzilevich 1967, Chapin e of. 1975
Wielpolaski er of. 1973, Dowding ef ¢, 1981} that the green
portions of forbs and  decidous shrubs  generally e
considerably ugher N K. Ca and My levels than do those of
manocotviedonous {espectatly graminoid) species.

Differences in P concentrations between the twa plant-
types are less consistent. At Soulh Creorgin. as al Moron
Isband. Acaena megefluion and other dicotvledonous species
Callitriche  witaretica,  Galivn amturcticion and
Rantinentus biteniatay) possess urher feat P concentrations
thun do mest of the granunowd species (Walton & 1 ewdy
Smith T980) AL wet heaths in England Loach {885 ol
higher Peoncentrations in Ericu tetrsein and € dfione 1 ot

fo.g.

shoots than in Woliniu cacrulea shoots, but data preseated
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by Kilfeather {1973) for the Glenamoy {Ireland) blanket bog
showed po  corresponding  differences  between  the
photosvnthetic parts of shrubs {mainly C. vadgaris and Erica
spp.} and those of M. caertdea or Schoenus nigricans.
Similarly, no significant or consistent  differences in P
concentrations  were  found Dbetween  dicotyledon  and
monocotyledon  leaves at  the Fennoscandian  tundras
(Wielgolaski e al. 1975), aipinc tundras of the Khibini
Mountains. Kola Peninsula (Chepurko 1972) or a variety of
other tundra sites (e.g. data in Rodm & Bazilevich 1967). In
contrast. at the Arclic tundra at Barrow {Alaska), Chapin et
al.  {1975) observed substantially higher 1P levels in
dicotyledonous  than in  monecotyledonous  shoots  and
ascribed this to a greater incidence of mycorrhizal infections
in he dicotyledonous plants. At Marion [sland. vesicular-
arbuscular mycorrhizae have been found for all of the plant
spectes constdered in this study {Smith & Newton, 1Y86).
The frequency of infection (i.e. the proportion of plants
infected) ranged from 30 per cent for {/. compacta and J.
seheachzerioides 10 100 per cent for Acaena magellanica.
However, there were no consistent differences between
monocotyledenous  and  dicotyvledonous  species  in the
proportion of roots infected per plant.

Comparison between plant parts

Concentrations of almost all nutrients {but especiatly K)
were higher in the green parts than in the stems or roots of
the non-grantinaceous species considered in this study. The
only exception was for the stems and roots of A. selago,
which  coosistently  possessed  slightly  higher Mp
concentrations than did the leaves. For this species., and
Acaena magellanica, nutrient concentrations in the stems
resembled those in the roots, except that N and Ca levels in
Acaena stems were generally slightly higher than those in the
roots. For Agrostis mageflanica, aboveground N, P and K
ievels were higher aboveground than belowground. Sheots P
and K concentrations in P. cookii were also higher, but N
concentrations lower, than those in the roots. Ca (Poa) or
both Ca and Mg {Agrostis) concentrations were often higher
belowground than aboveground. A  similar situation
occurred for the other two gramineid species at a mire-
grassland  (Smith {987a). where either Ca (for Uncinia
conipacta) or Mg (for Juncus scheuchzerioldes) was generally
higher in roots than in shoots. In both cuses the level of the
other element was similar in the two components. However,
much weight cannot be given to these ahove - belowground
comparisons since they consider living aboveground tissne,
but a mixture of living and dead belowground material.

Ahoveground concentrations of N, P, K and Na were
higher in the biomass than in the nceromass of the island
species, except for P. cookii, in which necromass N levels
were similar to. and often slightly higher than, those in the
biomass. This is difficult to explain since leal’ N declines with
age In this species {Bate & Smith 1983) and carlier studies
{e.g. Smith 1977b} showed that there were significantly
greater N concentrations in living than in dead leaves of P.
eookif. In the study reported on here the comparison was
between living shoots {leaves and stems) and necronuass
falmost entirely leaves), The inclusion of stem material in
the estimate of N concentrations in the biomass component
possibly  caused  the  similarity  observed  between  the
concentrafion values for this clement in the biomass and
necromass of this species,
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Differences in mineral content between living and dead
material for the island plants were greatest for K; on a
weight basis much more (2-8 times) K than N was removed
from senescing leaves. presumably by both retransiocation
and leaching. This is similar to observations on plants from
tundra (Wielgotaski ef al. 1975, Chapin ef al. 1975, Dowding
ef al. 1981) and sub-Antarctic (Walton & Lewis Smith 19800)
regions.

Ca concentrations were always higher in the aboveground
necromass than in living shoots of the island plants. Mg
levels were similar in the two phytomass components, except
that for P. cookii they were higher, and for Agrostis
mageliznica they were lower, in the necromass than in the
biomass.

Comparison with planis from tundra and tundra-like sites

N, P, K and Ca concentrations in leaves of A. selago and
B. penna-marina and current year shoots of Aecaena
magellanica at the three Marion lsland sites were in the
lower part of the ranges reported for dicotyledonous species
at South Geargia (Table 4). Maximum concentrations of aill
nutrients found for Acaena magelianica a1 South Georgia
were higher than those exhibited by the same species at
Marion Istand. For N, P and K, the differences between the
two. islands might be due to an earlier commencement of
sampling at South Georgiz (November) than at Marion
Island (December). Taken inte consideration with the
possibility that vegetative activity starts Jater in the season at
the colder South Georgia Tsland this means that the ranges
of plant nutrient concentrations reported for that island
inciuded values for much younger tissue than was sampled in
this study.

There were substantial inter-site differences in plant Ca
concentrations at South Georgia {Pratt & Lewis Smith 1982,
Lawson 1983), mainly related to corresponding differences
in soil Ca Jevels, which ranged from the low values found at
Marion Island to high values (up to 52 mequiv 100 g™ far
cutrophic seepage slopes (Brown & Veum 1974). The higher
Ca levels reported for the South Georgia plant species,
compared to those in the Marion Island plants, probably
reflect the higher Ca status of some of the South Georgia
soils.

Maximum N, P and K concentrations in fronds of the fern
B. penna-marina were considerably higher than those in
fronds of Polystichum mohrigides at South Georgia. In both
instances the concentration maxima were determined on
young fronds. Mg and Na concentrations were also higher
for B. penna-marina than for P. mohrioides fronds.

Shoot N concentrations for P. cookif and Agrostis
magellanica at Marion Island were lower than for
Deschampsia  anmtarctica,  Juncus  scheuchzerioides  and
Phlewn alpinum at South Georgia but were similar to
cancertrations in the other graminoid species at that istand.
P concentrations in the two Marion Island grasses were in
the lower part of the range exhibited by grasses at South
Georgia. Shoot K and Ca levels resembled those of the
South  Geargia  graminoids, except for the kigh
conrcentrations in J, schewchzerioides at a eutrophic seepage
siopc. P. eookii exhibited similar, but Agrostis magelianica
higher, Na levels to those in the South Georgia species,
again with the exception of high Na concentratien in J.
scheuchzerioides at the eutrophic site.

Concentrations of N and P found for the green portions of
the Marion Island dicotyledonous species (and B. penna-
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marina) were simifar to those reported for Besla and Salix
species and ericaceous dwarf shrubs at Scandinavian sub-
Arctic tundras, dwarf shrub tundras of the Khibini
Mountains (Kola Peninsula) and western Siberia and at the
Barrow Arctic tundra (Tabie 4). They were also within the
range of N and P values reported for a wide variety of other
tundra and forest tundra sites {Rodin & Bazilevich 1967).
Leaf (or shoot) K concentrations for the island
dicotyledonous species were, in many instances, higher than
for shrubs and forbs at these northern hemisphere tundras,
[n contrast, Ca levels were mostly lower in the island plants,
Mg concentrations were higher than those generally found in
northern tundra plants but were similar to concentrations
reported for dicotyledonous species at Barrow and for
Vaccinium myriitlus at the Khibini Mountains. Na levels in
the Marion Island species were higher than those generally
found for northern hemisphere tundra plants. :

Shoot nutrient levels in Acaena magellanica, A. selago
and B. penna-marina were higher than those reported for
Cealluna vulgaris and Erica tetralix at ericaceous bogs and
wet heaths in England. Shoot P and Ca concentrations in the
island species were higher than, but N, K and Mg
concentrations were similar to, these in  dwarf-sheubs
(mainly C. vuigaris and Erica spp.) at the Glenamoy blanket
bog. :

N and P concentrations in the aboveground paris of living
shoots of Agrostis magellanica at the tjacldmark site and of
P. cookil at the two fernbrakes were in the lower part of the
range reported for graminoid species from northern
hemisphere subpolar regions, Shoot N levels in the two
island grasses were similar to, but P greater than, those for
Molinia caerulea, Schoenus nigricans and Eriophorum
vaginatum from British bogs and heaths, K levels in P,
cookti and Agrostis magellanica were higher than those in
monccotyledonous species at northern hemisphere tundra
and  tundra-like areas, except for the eutrophic
Fennoscandian tundra mires. Shoot Ca levels in both Erasses
were: substantially lower than for most monocotyledonous
species at Fennoscandian tundras, for graminoids at the
alpine tundra at the Khibini Mountains or for grasses at the
montane grassland at Snowdonia. They were similar to
values reported for grasses and sedges at Barrow, Devon
Island and heaths and bogs in Eagland but were greater than
the Ca concentrations in S. migricans or M. caerufea at
Glenamoy. Shoot Mg concentrations for the two island
grasses were within the range of those exhibited by
graminoids fram these various tundra and tundra-like sites.

Ca:K ratios in the shoots of P. cookii {0.08-0.10) and
Agrostis magellanica (0.05-0.08) were much lower than for
shoots of Acdena magellanica (0.27-0.89) or leaves of A.
selago (0.25-0.71) or B. penna-marina (0.20-0.96); a similar
difference  has generally been observed between
monocotyledonous and dicotyledonous species at many
tundra, temperate and tropical areas (Rodin & Bazilevich
1967, Allen et al. 1974, Wielgolaski er af. 1975). However
Ca:K ratios for the island species were mostly lower than for
plants of similar life-forms at these areas. They were similar
to those in plants of British bogs and heaths and the high
Arctic tundras at Deven Island and Barrow but were in the
lower part of the range exhibited at the Fennoscandian and
Agapa sub-Arctic sites and at most of the sites represented
in the data presented by Rodin & Bazilevich {1967).

Because of the greater importance of K relative to N in
the Marion Island species, low N:K concentration ratios
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were found in their leaves and shoots. N:K ratios were
mostly < 1 for the two grasses and 1 to 2 for the
dicotyledonous species and B. penna-marina. The latter
values are lower than the N:K ratios observed for most
shrub and dwarf-shrub species at tundra and tundra-like
ecosystems but are within the range of those found for
Arctic and sub-Arctic forb species {e.g. Chapin er al. 1975,
Vassiljevskaya et al. 1975, Wielgolaski er afl. 1975).
Aboveground N:K concentration ratios in the two grass
species at the fjacldmark and fernbrake sites were mostly
lower than for grasses from northern tundras.

Seasonal changes

Three of the five species occurring at the {jacldmark and
fernbrake sites were sampled only from December to April
(or May) so the fult seasonal varialion in their nutrient
concentrations was not abserved. Overall, however, age-
related changes in the aerial plant biomasses at the
fijacldmark and fernbrake sites were the same as those
observed at the mire-grasstands (Smith 1987a}, South Georgia
{Wailton & Lewis Smith 1980, Pratt & Lewis Smith 1982)
and temperatc and subpolar sites of the northern
hemisphere (Wiclgolaski e af. 1975, Chapin ef af. 1975,
Dowding et af. 1981), i.e. N, P and K decreased and Ca (in
some cases also Mg} increased as the season progressed.

There were 2z few exceptions to this pattern. A
conspicuous one was the marked increase in N, P and K
concentrations in leaves, stems and roots of A, selugo during
late summer and winter {Fig. 1, 3 and 4), when growth in
this species had ceased (Smith [986). This suggests that late
summer and winter, when demand for nutrients by growth is
declining or absent, is a period of active uptake and
accumulation of nutrients in A. selago. This accords with the
hypothesis put forward by Dowding et al. (1981) that the end
of the growing season, when. the aboveground plant paris

are senescing, forms an important period of natrient

acquisition for tundra plants.

K concentrations in the belowground standing crop of B.
penna-marina increased during late summer and winter at all
three sites (Fig. 7). P. cookif roots and stem bases showed a
similar trend of increasing K concentrations during late
summer and early winter (Fig. 14}). Accompanying increases
in N or P, where they occurred, were insignificant. This may
indicate either that K is more readily available than N and P
in the soils during winter or that during the earlier part of
the season, when there is a greater rate of growth {and a
higher leaf biomass}, the demand for K is greater than that
of N and P. The demand for K may alsc be high because of
a necd to replace that tost by leaching in the high-rainfatl
envitonment. fr situ leaching studies have not been
performed for any of the island species but soaking green B.
penna-maring fronds in distilled water causes an immediate
increase in Na concentrations in the water, foliowed by slow
increases in K concentrations. Very small amounts of NH."-
N were detected in the water after 12 hours but inorganic P
was not found even after 24 hours of soaking. Organic N and
P were not tested for. [F it is assumed that during speing and
summer the demand for K by B. penng-maring (and P.
cookii) greatly exceeded that for N and P (as suggested by
their low N:K ratios) then, in winter, when this demand
decreased (or ceased altogether), K levels could be expected
to accumulate in the roots and rhizomes, the major storage
organs in both species. This implies a rapid decrease in

belowground K levels when aboveground demand increases
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in spring and early summer. An exceptionaily marked
decrease in K concentration was, in fact shown by the roots
and rhizomes of B. penna-inarina between September and
December. Nutrient data was not collected for P. cookii
during that period.

Ca concentrations in B. penna-rmaring fronds increased
with age (Table 3) but Ca concentrations in the leaf biomass
as a whole for this species decreased during winter
(espectally late winter) at all three study sites (Fig. 5). This
ts difficult to explain and suggests that new leaves werc
produced in winter. However, this is not supported by the
leaf biomass dynamics (Smith 1987c) or by observations
made during teaf-tagging studies. Assuming Lhat the average
frond age in the biomass actually decreased in the biomass
during winter due to sencseence of older fronds (which have
the highest Ca conceatrations) does not account for the
extent of the decrease in biomass Ca concenirations,
although it might explain why the sharp decline in biomass
N, P and K levels in the second half of summer and during
autumn did not continue into winter (Fig. 3}.

Conclusions

There were no conspicuous seasonal patterns in the
concentrations of any of the soil nutrients considered in this
study. The fjaeldmark soils were less organic, had a higher
pH and possessed higher levels of exchangeable Ca but
lower levels of available K, N or P than the two fernbrzkes.
This accords with the relative positions of the Marion Istand
fiaeldmark and fernbrake sites along Principal Componemnt
Analysis gradicnts based on microclimate. soil and
vegetation data for 2 wide variety of sub-Antarctic and
northern hemisphere tundra and tundra-like sites (cf.
Figures 6, 7 and 8 in French & Smith 1985). There, the
fernbrakes were placed further toward the positive ends of
vector T (warm, wet, organic, acid, high N to cold, dry,
mineral, alkaline, low N gradient) and vector T (wet,
organic, eutrophic to dry, mineral, oligotrophic) than were
the fjagidmarks.

Differences in plant nutrient concentrations between the
fjaeldmark, open- and closed fernbrake sites were fairly
consistent. N, P and K concentrations mostly decreased in
the order, closed fernbrake > open fernbrake > fiaeldmark.
Ca and Mpg concentrations werc generally higher in plant
tissue from fjaeldmark and open fernbrake than from closed
fernbrake. These differences reflected the “relative
availability” of soil nutrients, as indicated by their
exchangeable concentrations, at the three sites. Tissue
concentrations of most natrients in planis from the'
fjactdmark and fernbrake communities were higher than in
plants from the island’s mire-grasslands. Mostly, this may be
ascribed to differences in life-forms (i.e. dicots versus
monocots) at the two groups of sites. However, P, K, Mg
and Na concentrations in the grass Agrostis magellanica were
considerably higher at fjacldmark than at mire-grasslands.

N, P and K concentrations in the photosynthetic parts of
the two dicotyledonous species at the fjaeldmark and
fernbrake sites (and the fern Blechnum penna-marina, which
at these sites behaves ecologically like a dwarf-shrub) are
similar to those in dwarf-shrubs and shiubs at northern
hemisphere  tundra  and  tundra-like communities; K
concentrations in the island species arc in many instances
higher than these in tundra species, Mg and Na levels in the

dicotyledonous specics (and the fern) are greater than those
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generally  reported  for tundra plants. In contrast, Ca
concentrations in all of the island species considered in this
study are markedly lower than for most plants from tundra
and tundra-like aress,

For most of the species studied, a substantial proporiion
of the early-season aboveground biomass consisted of leaves
which had overwintered so the nuirient concentrations in the
biomass at that time did not reflect those in young tissue and
the truc magnitudes of age-related nutrient concentration
changes could not be assessed. However, seasenal changes
in nutrient concentrations of the aboveground biomass of
the fjaeldmark and fernbrake species generaily reflected the
age-related changes and were similar (o those for the mire-
grassland plants and for plants from other subpolar and
more temperate vegetation types, i.e. N. P and K decreased
and Ca (sometimes also Mg) increased as the season
progressed.
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