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Change in Undisturbed Vegetation on the Coastal Slopes of Subantarctic
Macquarie Island, 19801995

Abstract

The vegetation of 30 undisturbed permanent guadrats on the steep coastal slopes
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i which temperatures rose briefly then declined, precipitation increased and rab-

bit grazing pressure decreased. Previous investigators of the plant ecology ol the
istand have suggested o successional sequence, in the absence of disturbance,
towards total dominance of the two major plant species on the coastal slopes, the
all tussock-forming grass Poa foliosa and the megaherb Srilbocarpa polaris, with
a concomitant reduction in the diversity of subordinate species. Our observations
demonstrate a more complex reality. [Densc {all tussock grassland became more
open, resulting in an increase in quadrat spectes richness. The more open tussock
grassland on the upper slopes became more dense, with a concomitant decrease
in quadirat species richness, The large herb S0 polaris changed little 1y its abun-
dance over the period, perhaps reflecting a need {or disturbance for jts expansion.
The opening of dense stands of P. fofiosa may be part of a previously unrecorded
endogenons successional process, while the closure of open stands of Poa could
be a response o improved growth conditions, including relief from rabbit grazing
and the relatively high temperatares in the nital years of monitoring, but may

also be endogencus tn origin.

Introduction tation change has been documented by Scott (1985, 1995) on

Subantarctic Macquaric Tsland (54°30°8, 158°56°E) has a
cool, moist, and windy climate, and no permanent ice or snow

land slips of various ages on the steep slopes ol the escarpment
of the plateau, and by Copson and Whinam (1998) for the mid-
. L . o altitude plateau, two of the main environments affected by rabbit
cover due 1o s position immediately nord of the Antarctic Polar . . ] L.
- e . .. . grazing. Studivs have algo been comducted aleng an altitndinal
IFront. The astand is an clongated plateau 1ising 10 a maxmmum =
of 433 m. surrounded by an escarpment, or steep coastal slopes,
FOO--250 n1 in height. The mam plant communities are [eldmark.
short grassiand, herbfield, mires, and all wssock grassland (Sel-
Rirk eo all, 19905

A cubstantial increase i air teperatures occurred on Mac-
quaric lsland between the late 19405 and the nuad 1980y (Fag. |
Adamson et al, 1988; Tweedie and Bergstrom, 20003, a phe-
nomenon also noted for other subantarctic islands {e.g., Smith
and Stecnkamp, 1999; Chown and Smith, 1993; Frenot et al.,
FOUT)Y. However, both summer and annual temperatures tended

aradient to simulate the effcels of climatic warming (Tweedic
and Bergstrom, 20001 The control permaneat guadrals in the
fand slip succession studies of Scott (1985, 1995), monitored
every Tew years from 1980 onveards, are used in the present

paper to determine vegetation change, relatively independent of
the influence of land slips, that wok place on the escarpment of
the plateau in the period between 198081 and 199495,

The steep coastal slope vegewation is dominated by cither
or both af the @l tussock grass Poo fofivsa, and the large-Jeaved
farb Stilborarpa polaris, with smaller grasses. forbs, and bryo-
phvies as understory (Tavior 1955; Sclkiz‘k et al.. 1990; Scott
1995). Exceptions are recent fand slips, rocky outcrops, and ar-

to decrease on Macquarie Isiand after the mid 1980s high (Mg,

i1}, Sununer wemperatires show the same tendencies as annual ) ' A
eas of short grassland on somne slopes. Given that both Poa jo-

tiosa and Sulbocarpa polaris are eaten by rabbits and are capable
of forming closed stands, previous jnvestigators have suggested

temperatwres, while having a grealer varinion around the mean
(Fig. 13 The annual precipitation recorded for Macquarie Tsland
s steadily increased shice the 1970s (Fig. 1), This has also

been the case with summer precipitation,

The introduced rabbil, Orvotolagus cuniculus, decined in
numbers from 150,000 in 1977-78 (Copson et al.. 1981} 10 ap-
proximately 50.000 botween 980 and 1984 with an average of
betwean 5000 and 15000 from 1985 w0 1994 {Fig. 2; Copson
and Whinam, 2001). ax a result of the deliberate introducuon of
myxomatosis and s regular use in subsequent years 10 control
population numbers.

The impact of these environmenta) changes on the vegeta-
tion of the island seems likely to have varied hetween vegetalion
types due 1o factors such as altitude and rabbit habitat prefer-
ences (Copson el al, 1981; Copson. 1984 Scott, 1988). Vege-
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a successional seguence, in the absence of disturbance. towards
dommance of these two speetes, or towards the ulimaie domi-
nance of Poa foliosa (Taylon 1955: Ashton, 1965; Copson, 1984:
Scott, 1983). The complete dominance of one or both of these
species could theoretically be expecied o reduce the diversity
of subordinate species and thus the species richness of the veg-
ctation at the guadrat scale (Conneli, 1978).

The permanent quadrais used in the present study showed
no signs of disturbance by rabbits or other agenis over ihe peried
of monitoring. The research was intdated as a latitudinal study
of succession on land slips, with the undisturbed quadrals being
controls. There were thus no @ priori hvpotheses on the nature
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FIGURIEE 1.

Changes in annual precipitation, mean annual temperature, and the mean temperature for

January, February, and March for Macquarie Islond between 1950 and 2000 (Bureaw of Meteorology,
unpublished}. The nwo vegetation sampling times are shown as dashed vertical lines.

i expected vegelation change in undisturbed vegetation in the
nedinm term. However, the following a posteriori hypotheses
alght have been thought appropriate at the time in the contexl
of previous work and ecological theory: directional change in
he vegetation over time, increased dominance of Poa foliosa
ndior Stiltbocarpa polaris, and decreased species richness at the

juadrat scale.

Methods
SELD DATA COLLECTION

In the summer of 1980-81 data from a total of 150, 1 X |
r quadiats wers collected from the uadisturbed vegelation ad-
acent to S0 areas of disturbed vegelation in coastal slope tall
ussock grassland, Quadrals were marked with wooden slakes.
n the summer of 1994-95 data were collceted from a subset of
hese quadrats. Because time of the year has an influence on the
aver of some of the plants in the coastal slope vegetation, the
inal selection of permanant quadrats for analysis was restricted

to those {rom which data were recorded in summer (December—
Februaryy in both 198081 and 199495, Permanent quadrats
with any signs of rabbit grazing or other disturbance during the
time period were exciuded. The rabbil signs included scats, bur-
rows and/or obviously grazed plants. Other disturbances includ-
ed the coliapse of Poa peat pedestals and other mass movement.
The number of times thal guadrats were revisited between 1980~
81 and 1994-95 varied, with all being visiled several times be-
tween the two summers. A total of 30 permanent quadrats were
chosen for the ensuing anaiyses (Fig. 3). The majority are at the
southern end of the island, consistent with the relative lack of
rabbit grazing disturbance on coastal slopes in the far south com-
pared to elsewhere on the island during the monitoring period
{Scolt, 1988).

The following data were collected from each guadrat at
both times by the one observer. Species abundance was noted
using a visually estimated 6-point cover-abundance scale: 1 =
219 2 = 5% 3 = 5-20%; 4 = 20-509%; 5 = 50-75%, 6 =
>75%. Species nomenclature of vascular plants follows that of
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FIGURE 2. Changes in estimated annual rabbii numbers on

Macquarie Island 1974-2000 {Copson and Whinam, 2001). The
nwo vegetaiion sampling times are shown as dashed vertical
lines.

Australian  Government Publishing Service (AGPS) (1990).
Bryophytes were identified to species level where possible
(Scott, 1995). Some bryophytes were identified to generic level
only (e.g., Metzgeria sp.), or grouped as “spp.”” il there was a
possibility of several species being involved (e.g., Brachythe-
ciwm spp.). The histing of Megaceros sp. and Riccardia sp. as a
single entily, “Megaceras/Riccardia,” is an acknowledgment of
inconsistent field identification of these species, which boti have
similar moist habitats. Only one lichen, the foliose taxon Pelrig-
era sp., was recorded. The category “‘other mosses” included
ail those mosses which were not identified or were extremely
rarc.

Mean vegetation height was estimated and placed into the
following classes: 1 = 0--5 cm; 2 = 6-10 cmi; 3 = 11-30 o
4 = 3170 cm; 5 = 71-100 cm. Cover estimates of bhare ground
and rock were made using the same 6-point scale as for the
ftoristic data.

Data on altitude, aspect, slope, and peat depth were ob-
tained for each quadrat in 1980-81. Altuwude was measured ap-
proximately using a Thommen 2000 pocket altimeter-baromeler.
Aspect and slope were measured using a compass and pocket
clinometer respectively. Peat depth, excluding litter, was mea-
sured by taking three depth measurements per quadrat with a 1
m peat prebe and then calculating the mean. The means were
placed in the following classes: 1 = 0-10 cm; 2 = 11-20 cm;
3 o= 2150 cm; 4 = 51-100 am; 5 = =100 cm.

DATA ANALYSIS

The presence/absence floristic data for the quadrats, com-
prising both 1980-81 and 1994-95 recordings, were converted
o an initial sorted table using the polythetic divisive procedure
in TWINSPAN (I1ili, 1979). Botl the taxa and the quadrats were
then resorted by eye, and the resulung rearrangement led 1o the
selection of the four group classification preduced by TWIN-
SPAN. Shifts of permanent guadrats from group to group over
the monitoring period were recorded.

The floristic abundance data were ordinated using nonmet-
ric muliidimensional scaling adopting the default options in DE-
CODA (Minchin, 1991). The direction of movement of perma-
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FIGURE 3. Locations of the permaneni guadrats on Mac-

gquarie lsland.

nent quadrats in the ordination space over the measurement pe-
riod was graphed.

Pearson’s product woment correlation coefficient was used
o test the significance of linear relationships between environ-
mental and vegetation variables and the abundances of the more
frequent taxa. Oneway ANOVA was used to determine the re-
lationships between classificatory groups and environmental and
vegetation variables.,

Frequency and mean abundance for each species were cal-
culated for the two sels of measurements, and tabulated to show
direction of trends in species abundance over the period (in-
crease, decrease, or constant). The number of taxa in each quad-
rat was counted. This is henceforth called species richness.

Results
VARIATION IN THE VEGETATION

Four classificatory groups were discriminated (Table 1)
Poa foliosa and the small leafy liverwort Lophocolea bidentata
were almost ubiguitous (Table 1). Poa foliosa increased 1n doim-
inance through the sequence of communites, apart from Group
2 where Stfbocarpa polaris was codominant. Group [ was the
richest in species, and had the second lowest stature (Table 2).
The most faithful and constant taxa in this community were San-
ionia uncinata, Thuidium furfurosum, Breutelia spp., and Epi-
lobiwm peduncilare, small understory species characteristic of
drier short grassland communities (Scott and Kirkpatrick, 1994)
as well as P. foliosa~dominated tall tussock vegetaton. Fesfuca
coniracta, s short grass species which refiects relatively dry
warm conditions in the Subantarctic, was more abundant in this
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TABLE [

Sorted table showing the time of date collection and the cover of taxa in quadrats (1 = <1%; 2 = 159, 3 = 6-23%;
4 = 26-50%; 5 = 51-73%;: 6 = >75%)

Group
Date?

Hyphum $p.
Colobenthus affinis
Colula plumosad
Pleurophylfum hookeri
Foa anhua

Brywm argentewn
MegacerosfRiccardia
Colobanthus muscoides
Metzgeria sp.
Epilobiwm brunnescens
Sanionia uncinald
Thuidivm furfurosum
Festuca coniracta
Agrostis magellanica
Acaena spp.

Luzula crinia

other mosses
Lpilabium pedunculare
Peltigera sp.
Stilbocarpa palaris
Lophocolea bispinosa
Ranunculus crassipes
Cardamine corymbosa
Lephocolea bidentata
Poa foliosa
Achrophyllum dentatum
Broachytheciun spp.
Bartramia papiilaa
Breutelia spp.
Stetlaria parviflora
Afarchantia berterogna
Ceralodorn purpureus
Callitriche antarctica

321-333
3331-333
2212332
33131322
-1-1121
2323322

2l-mr
2322222
-1i11nt
2113221
2866543

1--=211331-T-momemr
11121133234311-1211-
1-13113322-12-131-31
i---31111222221111213

Loi-1ipe=-r--=1--2-2-
R 1---1
fomeelommmnemleo1-22-

-5345633454441433444
2132--1222-221-21332
431111123142321222-2
113111131 --1111312222
111-311121-2122112-1
4-843134324446466545
---------- 11~-11-111%1
S22 ---117231
2mm o 21-1-1-11111

1231132~  112Zcmencommeecoeeeno s
L, i I i Rl
eeeellento- [E
~-222222232 B R i

--=22-21--- 1123-1-1213~-11~----1=-~
22122221112 11--133-1-33--31-1---1-
2321113-222 1E1112331133322311-1010
555666566556 6666655666606 B666G6860
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~=11-11--21 LT D LT
1% SR

[V -
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A1 = 1980, 2 = 1995.

community than elsewhere. In Group 1 the relatively high abun-
dance of these understory species reflects a short open 2. folivsa
canopy characteristic of higher altitude coastal slope vegetation.

Group 2 was next richest in species and the second tallest
in stature after Group 4 (Table 2). The only largely constant and

TABLE 2

Mean characieristics of the classificatory groups, showing
P values from oneway ANOVA

Communily
1 2 3 4 P
Altitude 89 87 57 58 G.056¢
Aspect (degrees) 206 257 149 142 0.000
Slope (%) 31 33 37 33 0.257
Peat depth? 3.0 a3 3.5 3.7 0.033
Bare ground® o1 15 0.2 0.3 0.000
Rock cover? 0.0 0.1 0.1 0.} 0,729
Yegetation height? 37 4.1 35 4.7 0.006
Species richness 4 12 192 7 0.000
Ordination score axis 1 1.10 124 0.56 0.32  0.000
Ordination score axis 2 1.26 0.67 .36 077 0.000

s Means of the classes described in the Methods section.

faithful species was S. pelaris (Table 1} which codominated with
P. foliosa. The moderate frequency of bryophytes such as Ach-
rophylium dentarwm and Brachythecium spp. indicate a slightly
moister understory environment than in Group 1. Group 3 was
less rich in species and had a shorter stature than Groups 1 and
2 {Tabie 2). It had no constant and faithful species, but was
intermediate in its composition between Groups 2 and 4. Group
3 had a slightly more open P. foliosa canopy @nd a more abun-
dant and varied understory vegetation than Group 4. Group 4
was the least species rich of the communities with the greatest
vegetation height (Table 2). It represents the closed P. foliosa--
dominated tall tussock grassiand vegetation of sheltered lower
altitude slopes described by Taylor (1955) and Ashton (1963).
It had no constant and faithful species {Table 1). The four groups
separated well on the two axis ordination (Table 2}

ENVIRONMENTAL RELATIONSHIPS

The vegotation groups did net significantly differentiate on
altitude or slope (Table 2). There was significant differentiation
on aspect, with Groups 1 and 2 occurring on southwest-facing
slopes and Groups 3 and 4 on southeast-facing slopes (Table 2).
Peat depth was significantly differentiated between groups,
steadily increasing through the sequence of commuunities, while

T, B. KIRKPATRICK AND J. F. Scorr /303
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TABLE 3

Correlations benween environmental variables, vegetarion variables, and the most frequent laxa

alt aspoci slope peatd veght baregr nichness
Aspect G.477 X 0032 =158 ~0.348 0370 0.305
Stope 0082 (136 X - (30§ 0.092 ~{L117 =009
Peat depth -0 158 0350 ~0.308 X 0.399 0.006] —03334
Vegetation height - (.340 =07 0.092 0.399 X =021 (b 563
Bare ground [ORF) .58 =017 0.061 0214 X 0.206
Richness §.305 0455 — (M1 {1354 -0} 365 02006 X
Avaena spp. 0,505 (4400 =110 ~0.177 {358 G.294 0,580
Agrasis megellancs .357 0.580 -{). 389 —0.270 .87 3 0.245 G570
Cetrdumine corymbasu 0208 0068 0,304 {151 0043 2151 (1358
Epdlobim pedunculore 0152 ~(.067 0085 ~0.1§1 (308 -~),242 (3338
Festuoa contracia 0129 (1.383 = (1346 -0 284 0,503 (1.057 506
Luzufer erinia 0.237 0548 (1254 {1263 {450 [SANE] Gt |
Foa foliosn =007 ~0.428 (7.360 0.172 (503 (LA (429
Ranuncidus erassipes 0.2066 .36 —L167 ~0.058 ~{.278 0,159 0.557
Stithocarpe polarts 0.243 .G8& -0.238 -(.273 =GRS 0.549 0377
Achrophyitum dengatum 0,243 =157 0175 G.008 0,196 —0.267 = (L0779
Brachxtheciion spp. 0259 — (1289 3.024 0.210 0.205 =303 - {1264
Lopiweolea bidenniea {11066 0266 0.055 (92 0.028 ~(0.243 6123
Lophocolea bispinosa 0.085 {1343 0.074 - {.082 ~(LG2 (G.325 G468
OGther muosses 0.138 (087 0.019 (1220 —{.241 0,103 G434

© Vahues in Babies have a 2 value of less than .03,

vegetation height varied but was stll significantly differentiated
(Table 2). Bare ground was markedly greater in Group 2 than
the other communities (Table 2}, a characteristic which has been
noted  for mixed Poa-Stilbocarpa (Scon, 1993).
Changes in floristic composition Gwough the communily se-
quence suggest a moisture gradient with communities becoming

vepetation

progressively damper (rom Group I 1o 4,

Altitade, bare growsud, and aspect were positively intercor-
related (Fabie 3). Aspect was also negatively related to vegera-
tion height and positively related 0 species richness Clable 3.
Species richness was positively related o aspect and negatively
refated o vegelation height, while vegelation height was posi-
tively refated to peat depth (Table 3).

Significant correlations between the more abundant taxa
and enviropmental variabies (Table 3) are as follows. Only one
of (he more abundant taxa, Acacna spp.. was significantly cor-
related with altitude, occurring prefercntiallv at higher elevations
(Table 33 Acaena spp., Agrostis magellanica. Festuca contracta.
Luzula crinita, and Stlbocarpa polaris were positively associ-
ated with aspeel, occurring more on southwesterly slopes, while
Poga foliosa had the reverse relationship, oceurring more on
southeasterly slopes. Poa foliosa occurred more abundantly on
stecper slopes, while Ao magellonica preferred shallower slopes.,
Poa foliose and Brachyihechom spp. were negalively correlated
with bare ground, while S pofaris was positively correlated.
None of the more nbundant wxa had a significant relationship

TABLE 4

Transitions beoween classificatory groups J980-.7995

Ciroup (19801981

Group -
(199419933 I 2 3 4
i 1 1 - 3
2 1 7T e 1
3 2 - 7
4 i 2 4
304/ ARCTIC, ANTARCTIC, AND ALPINE RESEARCH

with peat depth. Vegetation height was positivelyv correlated with
Pog folinsa alnmdance, and negaively correlated with Acaena
spp., AL magelianica. P L. crinita, and S, polaris
abundances. Species richness was negalively correlated with P
Joliosa abundance and positively correlaed with abundance of
magellanica, Cardamine corymbosa, I con-

conbracia,

Acaena spp.. A
rracta, Lophocolea bispinosa, L. crinita, other mosses, Rarun-
culus crassipes, and S, polaris.

ATION VARIATION

TIME AN V.

Groups 2 and 4 had more 1980-8] quadrats than 199495
quadrats, white Groups | and 3 had only two 1980-81 quadrats
each (Table 1), sipnifving 2 shift in vegetation conynunity char-
acteristics (owards the latler two conununities. The transition
matrix (Table 4} shows that most of the change in community
composition resulied lrom 11 quadrats in Group 4 shifting wo
Groups 1, 2. and 3 in 1995, mainly 0 Group 3. Overall, 12
quadrals shifled in the dircetion of Group |, or towards the drier
end of the vegelalion centinuum, while 6 quadrats shifted in the
other dircction towards Group 4, or the molster end of the con-
tinuui (Table 4),

Of the 11 quadrats that moved from Group 4, nine had
increased species richness in 1994-95 one was constant. and
oniy one had decreased species richness. This contrasts with the
general situation, in which 12 of the permanent quadras de-
creased in species richness over the monitoring period and 18
were constant or anereased. Inoonly three of the quadrats that
shifted from Group 4 did the major dominant Poa foliosa in-
crease of maintain ds cover In cight guadrats 58 cover de-
creased. Concomitant with this decline in abundance of . folio-
sa, there were consistent increases in the cover of Acaena spp..
Cardamine corymbaosa, Epilobivm pedunculare, Luzula crinita,
Brachythecium spp., Lophocolea bidertata, 1. bispinosa, and
other mosses.

Poa foliosa ncreased or maintained s cover in 19 of the
30 gquadrats and decreased in abundance in 11 quadrats over the
15-yr period. In 9 of these 11 guadrats species richness increased
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TABLE 5

Changes in percentage frequency if) and mean abundance
scores {a) for taxa 1980-81 and 199495,
showing direction of change

f a £ a

1980 1980 1995 1995 r a
Brywm argentewn 33 0.1 0.0 0.9 - -
Poa annua 3.3 0.0 0.0 0.0 - -
Piewrophytium hookeri 3.3 0.1 6.7 0.2 + +
Epilobiam Brunngscens 13 0.0 0.0 0.z +
Hypnum sp. 353 0.0 0.0 0.0 - -
Megaceros/Riccardiu 33 0.0 0.0 0.0 - -
Seellaria parviflora 33 0.0 33 G0 = =
Cotobanthus affinis 6.7 0.1 16.7 0.2 + -
Callitriche antarctica 10.0 o1 6.7 0.1 - -
Cotula plmosa 10.0 0.1 00 0.0 - =
Colobanthus muscoides 1.0 0.1 33 0.0 - -
Muarchantia berteroana 133 6.2 10.0 [t - -
Peltigera $p. 13.3 0.1 233 .4 + +
Cerastium fontanum 107 0.2 3.3 0.0 - -
Caratodon purpurcus 16.7 0.2 3.3 0.0 - -
Thuéidium furfurosunt 16.7 0.2 16.7 0.2 = =
Sanionia uncinaid 20.0 6.2 13.3 0.4 - i
Festuca contracta 20.0 0.3 26.7 0.6 + +
Metzgeria sp. 233 0.3 0.0 0.0 -
Breutelia sp. 26.7 0.3 367 0.0 + +
Eptlobium pedunculare 300 0.4 43.3 1.0 + +
Rartramia papiflaia 0.0 0.3 43.3 0.6 + ER
Lephocolea bispinosa 36.7 0.6 63.3 1.3 + +
Achrophyllum dentatum 40.0 0.4 63.3 o +
Stitbocarpa polaris 43.3 1.6 433 1.5 = -
Luzula crinita 43.3 0.5 600 it - +
Acaena Spp. 467 0.6 63.3 1.2 - +
Agrostis magellanica 50.0 0.8 43.3 1.0 - +
QOther mosses 53.3 0.6 0.8 .4 - -
Brachythecim spp. 63.3 0.8 76.7 1.6 + +
Ranunculus crassipes 76.7 1.1 GG 1.2 - +
Cardaming corymbosa 80.0 0.9 133 1.0 - +
Logphocolea bidentata 93.3 1.1 20.0 1.3 - A
Poa foliosa 96.7 4.9 1H00.0 5.0 + +

over the measurement period. The one quadrat in which species
richness decreased was one of only two guadrats in which S#l-
bocarpa polaris increased its cover over the time period. Species
richness decreased or remained constant over the time period in
12 of the |9 quadrats in which P. foliosa increased or maintained
its cover. Mean quadrat species richness increased from 9.0 o
12.2 where P. foliosa decreased in cover, while it decreased [toms
10.5 10 9.2 in those quadrats in which . foliosa maintained or
increased jts cover. In the three quadrats in which S. pelaris
decreased in cover over the time period species richness in-
creased, from a mean of 8.7 to a mean of 11.3. Where S. polaris
remained constant (eight quadrals) or increased in cover (iwo
guadrats), there was a decline in species richness in five quadrats
and constancy or increase in five quadrats. The mean quadrat
species richness for quadrats with §. polaris declined from 12.1
in 1980 to 11.5 in 1995.

While overall mean quadrat specics richness increased from
0.97 o 10.27 i the period 1980-81 to 199495, the total num-
ner of species recorded in all quadrats declined from 33 27
{Table 5). Taxa which disappeared were Brywm argeniewm and
Poa arnua (both commonly associated with bare ground and

disturbance), Hyprwst sp., MegacerosiRiccardia, Cotula plu-

mosa, and Metzgeria sp.
Sixteen of the 18 permanent quadrais with scores of 075

311

1.0

075

Axig 2

4.5 1.0 1.5

[

Axts 1
FIGURE 4. Movement of permaneni quadrats in foristic or-
dination space. The arrows extend from the 1980 location to the
1065 location, which is marked by their head. The line at 0.75
on axis 2 marks the upper value at which all permanent quadrats
share the same direction.

or less on axis 2 in 1980 had higher scores in 1995 than 1980
(Fig. 4), indicating strong directional change over time in this
sector. Seven of the 12 permanent quadrats with scores greater
than 0.75 on axis 2 in 1980 also had higher scores in 1995 (Fig.
4). :

The vascular piants that increased most dramaticalty in both
mean cover and frequency between the two measuring times
were Colobanthus affinis, Festuca contracta, L. crinita, Epilob-
ium pedunculare, E. brunnescens, and Acaena spp. (Table 5). Tn
addition, 6 of the 14 nonvascular taxa (Peltigera sp., Breutelia
sp., Bartramia papiilata, L. bispinosa, Achrophylium dentatum,
and Brachythecium spp.) showed strong increases (Table 3). The
introduced Cerastium fontanuwm was the only vascular plant spe-
cies to decrease markedly in both cover and frequency (Table
5). One nonvascular plant, Metzgeria sp., exhibited a similarly
marked decrease (Table 5). The prevailing dominant, P. joliosa,
slightly increased botb its frequency and cover, in contrast Lo the
other major dominant of the coastal slopes, S. polaris, which
maintained ils frequency but shightly decreased in cover {Table
5).

Discussion

Environmental variation has a strong relationship wilh var-
iation in the species composition and structure of the escarpinent
vegetation sampled in this study. The asscciation of peat depth
with floristic composition and vegetation height is particulasty
strong (Tables 2, and 3). The independence of peat depth from
the other measured environmenial variables (Table 3} indicales
that the vegelation responses might partly reficct long term fac-
tors of slope stability such as different periods since the last land
siip. Land stips are frequent on the steep vegetated slopes as a
result of seismic activity and heavy rainfall events (Scott, 1988).
Slope instability may he incvitable in Lhis environment given
progressive peat accurnulation {Selkirk et al, 1990). The nature
of the vegetation change with increasing peat depth 1s consistent
with ihe successional sequence on land slips documented by
Scoit (1985). The relatively high cover of bare ground in the
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species-rich Group 2 (Table 2) and in guadrats in which St
bocarpa polaris was present (Table 3}, and the low levels of
bare ground where Poa folivsa was most abundant (Table 3), is
also consistent with this posited successional sequence. The sta-
tistically strong role of aspect in influencing vegetation variation
is likely to be an artifact of the locations of the permanent quad-
rats.

The shift in floristic composition of permanent guadrals on
axis 2 in the ordination space (Fig. 4) indicates highly consistent
directional variation in the vegetation between 1980-81 and
1994-95, particularly in the sector of axis 2 below 0.75, which
includes Groups 2 and 4 (Fig. 4). This directional change occurs
in all parts of the environmentally related continuum, which is
reflected roughly by scores on axis 1. Nevertheless, the degree
and nature of the change varied between those permanent quad-
rats that were relatively species rich in 1980 and contained 5.
polaris (mostly Group 2), and those that were relatively species
poor in 1980 and were dominated almost totally by P. foliosa
(mostly Group 4). The former group of guadrats experienced a
lesser degree of change than the latter, many of which shifted
markedly in the vegetation continuum {Table 4), with a decline
in the abundance of P. foliosa and an associated increasc in
species richness.

The ecological dominance of P, folipsa and 5. polaris is
apparent in the strong increases in the richness of other species
with a decline in either or both of their abundances, compared
Lo & mean decrease in species richness in quadrats in which they
remained constant or increased in cover.

The expected increase in cover of P. foliosa was somewhat
subdued (Table 5). Increases in abundance which occurred where
it bad relatively low cover were almost compensated for by some
decreases in abundance where it had relatively high cover. Some
of the opening out of the P. foliosa tussock grassland may result
from the senescence of long-established individuals, uncompen-
sated by establishment of new scedlings or rhizomatous spread.
Seedlings of P. foliosa have not been recorded in long-undis-
turbed vegetation, although they have been noted from revege-
tating land slips (Scott, 1995).

Like P. foliosa, 8. polaris failed to increase in dominance,
a superficially swrprising result given Hs known positive re-
sponse to exclusion from grazing by fencing (Scoit, 1995; Cop-
son and Whinam, 1998). However, the criteria for selection of
undisturbed sites in 1980 implied that the vegetation included in
the present study was not in the early successional stages after
disturbance. The lack of response of S. polaris to environmental
change in later successional stages suggests that soil disturbance
may be a prereqguisite for its establishment (Scott, 1995), that it
is not highly competitive with P. foliosa in closed cominunities,
and that P. foliosa i1s not highly competitive with #. There is
little evidence of the posited cvclic succession between P. foliosa
and S. peolaris (Ashton, 1965) in the data from the permanent
guadrats. In only 1 of the 10 gquadrals in which there was a
decrease in cover of Poa foliosa was there an associated increcase
of cover in S. polaris. In no quadrat was there an increase of P
Joliosa with a decrease iv S polaris.

Thus, of cur hypotheses, we can confirm only directional
change in the vegetation with time. Increased dominance of P
Jfolicsa andfor S. polaris, and decreased species richness at the
quadrat scale either did not occur or occurred in only a subset
of the quadrats. In reality S polaris changed minimally and two
sets of quadrats behaved very differcntly. Those with initial Tow
cover of P. foliosa gained more cover of the species, with a
concomitant tendency towards a reduction in specics richness,
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while those with an initially high cover of Pea folicsa lost cover
of the species, with a concomitant increase in species richness.

There is widespread and justifiable concern that the nature
and distribution of terrestrial subantarctic ecosystems is chang-
ing with global warming (e.g., Tweedie and Bergstrom, 2000).
However, climatic change 1s not strongly indicated as a cause of
most of the vegetation changes we have documented. Tempera-
tures on Macquarie Island in the late 1980s and early 19905 were
similar 10 those recorded in the 1960s (Fig. 1). However, the
historically very high summer and annual temperatures recorded
for the mid 1980s (Fig. 1) might have been partally responsible
for increases in the cover of P. foliosa in the subset of quadrats
in which it did increase in cover. IUis difficult to relate this warm
period to the decrease in cover of P foliosa in the other subset
The steady increase in annval precipitation from the early 1970s
to the early 1990s {Fig. 1) seems unlikely to have markediy
influenced the changes given that the shifts in florstic compo-
sition were weighted towards the drier end of the vegetation
continvum, uniess there was a decline in peat depth caused by
increased rainfall. Increased erosion secms unlikely given the
drizzly nature of Macquarie Island precipitation and was not ob-
served. Any increase in peat breakdown rates as a consequence
of possibly higher levels of cyclic salts seems likely to have been
more than compensated for by reduced breakdown rates as a
consequence of lower temperatires.

There seems little doubt that a reduction in rabbit grazing
pressure has resulted in increases in cover of P. foliosa and S
polaris, where previously sparse, on parts of Macquarie Island
{Copson and Whinam, 1998), but this relationship cannot ex-
plain the observed reduction in the cover of P. foliosa where it
was initially high in.cover, and the constancy in cover of 5.
polaris. There is also a possibility that those escarpment siles
with no rabbit grazing between 1980--81 and 199495, may also
have been ignored by rabbits in carlier years (Scott, 1988).

Qur observations strongly suggest the existence of a pre-
viously unrecorded late successional stage on the cscarpment,
involving a reduction in P. folicsa cover and slagnation in the
cover of S. polaris. This change may reflect sencscence of the
P. foliosa tussocks and the absence of jts regeneration, and lack
of regeneration of S, polaris, without disturbance. The increase
in P. foliosa cover where it was initially relatively low was an
expected part of the succession, which may have been influenced
in its rate by cither, or both of, a reduction in rabbit grazing
pressure, and initially high temperatures during the monitoring
period.
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