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Holocene vegetation and climate of Stewart Island, New Zealand
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Abstract Stewart Island is the southernmost of the
three main New Zealand islands, and is largely cov-
ered with Dacrydium cupressinum/hardwood forest.
Pollen analyses from three Holocene sites and a
modern pollen rain survey are presented. Stewart
Island had a hardwood forest of Weinmannia
racemosa, Metrosideros umbellata, and abundant
tree ferns from before 9000 BP to 5500-4500 BP
when Dacrydium cupressinum and Prumnopitys
ferruginea rose to dominate the forest reducing the
abundance of Weinmannia racemosa and greatly
restricting Metrosideros umbellata. It is suggested
that mild, cloudy climates during the early Holocene
may have inhibited regeneration of podocarp trees,
and that a change in climatic regime in the mid to
late Holocene brought sunnier, less cloudy condi-
tions. Several woody species absent from the island
but present on the adjacent mainland (Phyllocladus
alpinus, Nothofagus spp., Libocedrus bidwillii) prob-
ably never grew there, and their absence is attributed
to failure to disperse and the limited time that suit-
able habitats have been available.
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INTRODUCTION

Stewart Island, or Rakiura, is the southernmost and
smallest of the three main islands of the New Zea-
land archipelago (Fig. 1). It is less than 35 km from
the southern coast of the South Island, separated by
the shallow (up to 36 m deep) Foveaux Strait that
was dry during the glacial maximum until inundated
by rapidly rising sea levels between 14 000 and
10 000 BP (Cullen 1967). Although modified by fire,
logging, and introduced animals, a consequence of
at least 700 years of Maori and 175 years of Euro-
pean settlement, the island's vegetation patterns are
little altered from their pre-human state (Wilson
1987).

The biogeography of Stewart Island is of consid-
erable interest as several tree and shrub species
(notably Nothofagus solandri var. cliffortioides*,
Nothofagus menziesii, Libocedrus bidwillii, Phyllo-
cladus alpinus, and Halocarpus bidwillii) are absent,
despite being widespread, and in places dominant,
in areas with similar climates and soils on the adja-
cent mainland. Cockayne (1909) suggested that
Nothofagus and other absent genera were poorly
adapted to Stewart Island conditions, and in the
course of the Pleistocene were either eliminated or
failed to colonise. He cited the highly restricted dis-
tribution of some Stewart Island plants (Cordyline
australis, Olearia ilicifolia, and Prumnopitys
taxifolia) as support for his view that the process of
elimination was continuing. Zotov (1938), Willett
(1950), Fleming (1963), Wells & Mark (1966), and
Wilson (1982) all assumed that the cool conditions
prevailing during the glacial maximum (c. 25 000—
14 000 BP) would have been sufficient to eliminate
forest from the island, and that the formation of the
sea strait with the rise in sea level after that time
would have prevented subsequent colonisation by
poorly dispersed species such as Nothofagus
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*Nomenclature follows Allan (1961), Moore & Edgar
(1970), Brownsey et al. (1985), and recent taxonomic
changes listed in Connor & Edgar (1987).
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menziesii. Wilson (1987) has argued for a more com-
plex interpretation, pointing out that the depression
of mean annual temperatures alone during the gla-
cial maximum was not sufficient to eliminate hardy
trees and shrubs. Such trees and shrubs may have
persisted on the island during the glacial maximum
but failed to withstand competition from trees bet-
ter adapted to the mild, wet climates of the Holocene.

Two limited investigations of the vegetation his-
tory of Stewart Island have been published. Cullen
(1967) presented a single pollen spectrum from a
submarine peat dating to the early Holocene in
Paterson Inlet. Bishop & Mildenhall (1994) analysed
five samples from a thin peat layer of late-glacial to
early Holocene age in sand dunes at Mason Bay. As
well, Pocknall (1982) presented modern pollen rain
results from two samples taken from Mt Rakeahua
and Mt Anglem.
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In this paper, we present a modern pollen rain
survey, and pollen analytical investigations of three
Holocene peats from Stewart Island. From this and
previous work, we derive a vegetation and climate
history of the island. Comparison of the environmen-
tal history of Stewart Island with that of nearby sites
in coastal Southland and Fiordland demonstrates
how its island setting and highly oceanic climate
have given rise to its present unique biogeographic
features.

STEWART ISLAND ENVIRONMENT,
VEGETATION, AND HISTORY

The current vegetation of Stewart Island is a com-
plex mosaic of forest, scrub, and open ground. For-
est 10m or more tall covers about 64% of the total
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area. Most of this is podocarp/hardwood forest, with
Dacrydium cupressinum (rimu) by far the most
abundant podocarp emergent, and Weinmannia
racemosa (kamahi) the dominant canopy hardwood.
Hardwood forest without podocarp emergents
(chiefly dominated by Weinmannia racemosa and
Metrosideros umbellata (rata)) accounts for about
3.5% of the land surface. Another 25.5% is covered
by short forest and scrub (woody vegetation 1-10 m
tall) in which Leptospermum, Dracophyllum,
Olearia, and small-statured podocarps are promi-
nent. The remaining 7% is open grassland, herbfield,
sedgeland, fernland, shrubland, wetland, and pre-
dominately bare ground (this last < 1%); important
genera are Chionochloa, Empodisma, Gahnia,
Carex, Gleichenia, Leptospermum, Dracophyllum,
Oreobolus, Donatia, and Baumea. The spatial vari-
ation in plant cover is related to the island's strongly
oceanic, windy climate, its altitudinal range from
maritime cool temperate to upper subalpine, its gen-
erally low but variable soil fertility and pH, and its
wide diversity of soil drainage. Effects of historical
events such as fire, milling, and landslides, which
would tend to obscure the primary pattern, are both
limited in extent and readily identifiable (Wilson
1987).

The present climate at sea level (records from
Halfmoon Bay) is cool temperate (mean annual tem-
perature 9.6°C; New Zealand Meteorological Serv-
ice 1975—1984) and highly oceanic, being humid and
windy and lacking extremes of temperature or sea-
sonal change (mean February temperature 13.1°C;
mean July temperature 6.1°C). Rainfall is evenly
spread throughout the year, ranging from about
1000 mm on some coasts to perhaps 3000 mm over
higher ground. Snow lies only intermittently on the
tops; heavy snowfalls at sea level are very rare. Light
winter ground frosts occur on the coasts, with heavier
frosts inland. There is a marked contrast between the
wind-exposed west- and south-facing slopes, and the
sheltered east- and north-facing ones, both in ero-
sional landform and vegetation. Differential expo-
sure to wind-borne salt is probably a major factor in
determining coastal vegetation patterns.

Soils have developed on Permian to Carbonifer-
ous intrusives of diorite, tonalite, and granite, asso-
ciated in places with schist. Widespread podzolised
yellow-brown earths grade into organic soils which
are extensive in the lowlands south of Paterson In-
let. There are also significant areas of sand and sand-
derived soils, recent alluvium, gley alluvium, and
skeletal upland soils. Blanket peat is extensive in the
south but very local in the north. There are substan-

tial areas of basin peat (e.g., at Toitoi Flat, Rakeahua
Valley, and Deceit Peaks), but raised peat bogs ap-
pear to be restricted to small areas between the north-
east corner of the Mason Bay plains and Freshwater
River.

Maori have inhabited Stewart Island for at least
the last 700 years and almost certainly longer
(Wilson 1987). European contact began with seal-
ing and whaling in the early 1800s and by the 1830s
onwards European settlement was concentrated in
the Halfmoon Bay area (Howard 1940). Timber
milling began in the 1860s but was of limited extent
being concentrated in the Halfmoon Bay-Paterson
Inlet region. Halfmoon Bay itself was still in tall
forest in the early 1870s, forest having been cleared
only a couple of hundred metres back from the beach
(photo in Howard 1940:176). The Halfmoon Bay
township grew slowly, roading only being estab-
lished after 1883. Logging ceased in 1931 and, with
it, major impacts on the vegetation. Since then, the
economy of the 300-400 inhabitants has been based
mainly on fishing and tourism, although there are
limited areas of farmland close to Halfmoon Bay
township and in Mason Bay.

STUDY SITES

Toitoi
Toitoi Flat is a poorly drained depression approxi-
mately 5 km2 in area in the south-east sector of the
island to the east of the Tin Range. Numerous small
streams drain into the depression from the surround-
ing low hills (100—200 m a.s.l.), and from there into
the Toitoi River that flows southwards through a
gorge in the low coastal hills to the sea some 4 km
distant. The depression floor has a complex topog-
raphy of low rises (1.5—3.0 m), basins with lakes and
small tarns, and numerous channels with meander-
ing sluggish streams. Two soils are described from
the depression (Leamy 1974):Toitoi soils are sandy
loams formed on the low rises, and Kini soils are
loamy peats formed in swampy flood plain hollows.
Our observations show that peat and peaty silts fill
hollows and stream channels to depths ranging be-
tween 0.5 m and 2.0 m. The highest and driest areas
within the depression have a dense 2—3 m high scrub
cover mainly of Leptospermum scoparium. Poorly
drained slopes are variously covered by a
tussockland-shrubland of Chionochloa rubra,
Leptospermum scoparium, Dracophvllum
longifolium, Hebe odora, Cassinia leptophvlla,
Coprosma spp.; Empodisma minus-Gleichenia


