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Alluvial grasslands in south-eastern New Zealand: vegetation
patterns, long-term and post-pastoral change

Susan Walker*, William G. Leef

Grasslands in alluvial systems are studied in 12 valleys and intermontane basins in
south-eastern New Zealand Vegetation patterns and their environmental determinants
are described overall, and in five different valley groups ("clusters") Data from
grazing-exclosures are used to examine effects of the cessation of grazing on vegetation,
and long-term plots and management-induced contrasts at fencehnes are used to examine
grazing effects Climate (minimum temperature of the coldest month and rainfall) and
landscape position are the determinants of the primary vegetation gradient A secondary
vegetation gradient represents vegetation modification (I e , the degree of exotic species
dominance) in alluvial systems Exclosures indicate post-pastoral decreases in exotic
species dominance, in terms of abundance, in two alluvial sites, and increased exotic
dominance in three alluvial sites In terms of species numbers, a decrease in exotic
proportion is indicated at one site, and an increase is indicated at four sites Differences
between the exclosed and continually grazed vegetation in native species richness, and
in the amount and proportion of native btomass, are negatively related to the biomass of
exotic species present in the ungrazed vegetation, and are not related to the environmental
characteristics of the sites Historic data are insufficient to identify general trends in
grazed alluvial grasslands In three sites for which data are available, the dominance of
exotic species had increased, and the proportional contributions of all native species,
and of native grasses, had decreased with time In terms of species number, however,
proportions of native species had increased at two sites, and decreased at one site
Widespread and well established exotic grasses appear to have reached their potential
environmental range in the alluvial systems studied, but the more recent invader,
Hieracium pdosella, may not yet occupy its potential range The practicability of post-
pastoral conservation of native vegetation in alluvial systems might be indicated by the
identification of modification thresholds However, threshold identification requires
data from a greater number of long-term plots than presently exists in southern alluvial
grasslands
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INTRODUCTION
Alluvial grasslands in the eastern South Island of New Zealand are natural to frost- and
disturbance-prone parts of the landscape, and, unlike hill-country grasslands, were probably
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non-forested prior to Polynesian settlement. Because they are located on gentle terrain and
have moderate to high soil nutrient levels, they have been disproportionately targeted for
settlement, oversowing, topdressing, and, in some cases, dredging and sluicing for gold, over
the last 150 years. Because of these developments, they are presently under-represented in
the conservation estate. Moreover, there is little knowledge of present-day vegetation patterns,
of the extent of exotic invasion, or of potential outcomes of post-pastoral conservation
management in New Zealand alluvial grasslands.

Alluvial systems worldwide show diverse physical and vegetation properties, each being
strongly influenced by the particular geological setting and the alluvial characteristics of the
catchments (e.g., Morrice et al. 1997). However, they also share certain features. Species
composition, diversity and community structure in alluvial systems are related to habitat
variability, which is in turn determined by hydrological conditions and fluvial dynamics
(Robach et al. 1997; Scott et al. 1997; Tremolieres et al. 1998). Because active riverine
alluvial systems are subject to frequent disturbance by flooding, depositional processes such
as siltation and debris avalanching, seasonal waterlogging and drought, their landforms are
intermittently reshaped and gaps are created for the establishment of pioneer species and
communities. This may result in a diverse range of communities, at various stages of
recovery from disturbance, distributed on landforms of various types and ages (e.g., Robach
et al. 1997; Schnitzler 1997 re Rhine Valley forest, Europe; Girel & Manneville 1998 re
Rhone Valley fen, Europe). Natural disturbance leads to nutrient-enrichment of alluvial soils,
which may contrast markedly with older, leached, and more acidic soils of adjacent non-
alluvial landforms (e.g., Peres 1997). Primary productivity may therefore be higher than on
adjacent hillsides (Means et al. 1996), and plant assemblages may be distinctive (e.g.,
Witkowski & O'Connor 1996 re African savanna woodland; Awimbo et al. 1996 re New
Zealand West Coast forests)

Alluvial systems are vulnerable to catchment land-use disturbance. Retained, agriculturally
derived nutrients in alluvial soils can alter their nutrient balance (Vanoorschot et al. 1997),
while human agency may also change natural flow variability, leading to altered floodplain
and channel characteristics, even in geologically stable areas (Stromberg et al. 1996; Phillips
1997). Worldwide, the vegetation of most alluvial systems has been modified to some extent
by the impacts of catchment agriculture, forestry, and/or water management activities.

Flood-prone serai alluvial habitats in eastern South Island, New Zealand, are the recent
product of Pleistocene tectonic uplift, ice-ages, and glacial retreat. Climate shifts in the
Holocene, which led to significant changes in forest range and composition (McGlone et al.
1993), no doubt also influenced alluvial systems. Tall shrubland communities might have
developed under a moist mid-Holocene climate (c. 7000 to 5000 yr. B.P.) on stable, older
alluvial surfaces (including Phyllocladus alpinus, Carmichaelia species, small-leaved Olearia
and Coprosma species, Melicytus alpinus and thickets of Discaria toumatou; Wardle 1991),
but shorter, more open shrub-grassland vegetation would have developed in the late Holocene
as the climate became drier (McGlone & Moar 1998).

Unprecedented large-scale deforestation of eastern South Island catchments followed the
arrival of Polynesian people around 750 BP (e.g., McGlone & Basher 1995; Wilmshurst et al.
1997). Other previously non-forest ecosystems such as alpine mires were altered by accelerated
runoff and nutrient enrichment at this time (McGlone et al. 1997), and alluvial systems were
probably similarly modified (Kirch 1996 describes changes to alluvial systems following
Polynesian colonisation of the Cook Islands c. 2500 to 1800 years B.P.).

Further environmental changes were brought about by European pastoralists after about
1850, through increased fire frequencies and introductions of mammalian herbivores and
exotic plant species (Wardle 1985). Native herbaceous and woody species that rapidly and


