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Evidence of widespread, synchronous, disturbance-initiated
forest establishment in Westland, New Zealand.

Andrew Wells, Glenn H. Stewart, and Richard P. Duncan*

Mature stands of trees dominate Westland forests and young stands are relatively
scarce. To examine this pattern, we collate previously-gathered data on the age and
diameter of trees in 60 forest stands from throughout Westland, and use these data to
estimate the dates at which approximately even-aged cohorts of trees were initiated by
major disturbances. The ages of the oldest tree in each of 80 cohorts were combined to
give a picture of the timing of cohort establishment and the history of major disturbance
in the Westland region.

We identified two periods of greatly increased cohort establishment in the last 600
years, at c. 200-300 and 500-550 years ago. During these periods over 70 % of the
cohorts we examined were initiated. These establishment periods were consistent
across all six canopy species in the study, throughout north, central, and south Westland,
and across a range of landforms. Our results suggest there have been two major pulses
of tree regeneration in Westland over the last 600 years, although the longer and most
recent pulse may reflect two separate pulses. Many cohorts contained independent
evidence of a catastrophic origin following major disturbances such as floods and
landslips, and we suggest that the pulses of cohort establishment reflect periods when
there was a marked increase in the frequency or intensity of major natural disturbances
throughout Westland. Adjusting for the time taken for trees to grow to coring height
and for a delay in colonisation following disturbance, we estimate that there were
episodes of major natural disturbance throughout Westland around 250-350 and 550-
600 years ago. These dates closely coincide with estimates of the timing of two of the
three last major movements of the Alpine Fault, and less closely coincide with inferred
nationwide periods of increased storminess.
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INTRODUCTION

Pioneers, explorers, and scientists in Westland early this century made two general observations
about the structure of the forests. First, they noted the wide distribution of stands of similar-
sized trees and speculated on their formation. The diaries of explorer Douglas in the 1890s
record his observations of even-sized stands of trees in the valleys and his speculation that
they were the result of synchronous tree regeneration on surfaces exposed by landsliding
(Douglas, in Holloway 1957). Similarly, the first scientists to study Westland's lowland
Dacrydium cupressinum (rimu) forests proposed that their even-sized structure was a
consequence of even-aged development of trees established in windthrow openings
(Hutchinson 1932). More recently, studies of forest age structure in Westland have verified
that many of these even-sized stands are even-aged (Norton 1983; Stewart & Rose 1989;
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Duncan 1993; Cornere 1992; Rogers 1995), and it is now widely recognised that many
forests of long-lived trees consist of a mosaic of relatively even-aged patches or cohorts of
trees that have established in openings formed by natural disturbances such as windstorms or
landslides (Veblen & Stewart 1982; Melick & Ashton 1991; Veblen et al. 1992, 1994).

Second, early observers in Westland noted that there was a dominance of mature stands of
large trees and a lack of small to intermediate sized trees, particularly among conifer species
(Cockayne 1928). This apparent gap in the size distribution of some species led several
authors to speculate that there had been a failure in tree regeneration in the past, resulting in
a 'regeneration gap' for coniferous species in the region (Holloway 1954; Wardle 1963).
Explanations for past regeneration failure here included climatic cooling, decreased
precipitation, and an increase in the frequency and severity of droughts (McKelvey 1953;
Nicholls 1956; Grant 1963; Wardle 1963).

The more recent observation that most New Zealand conifers regenerate in relatively
even-aged cohorts following natural disturbance can explain the lack of small to intermediate
sized trees in individual mature stands (Veblen & Stewart 1982). However, it does not
explain why there appears to be a regional over-abundance of mature cohorts of trees in
Westland (e.g., Wardle 1974). For disturbance to explain this regional pattern would require
periods in the past during which cohort-initiating disturbances were more frequent than
during recent times. That is, it would require major disturbances initiating a regionally-
synchronous pulse of tree regeneration followed by long periods of only localised disturbance
and associated regeneration. Studies of disturbance history at such a regional scale have been
undertaken overseas (e.g., Heinselman 1973; Hemstrom & Franklin 1982; Foster 1988) but
not in Westland, despite the fact that region-wide disturbances have been hypothesised to
have influenced forest structure in this area (Wardle 1980; June 1982; Haase 1991).

In this study we collate data on stand age and diameter structures from throughout
Westland to try and identify periods of region-wide tree establishment that could indicate
periods of frequent and/or widespread disturbance. Dates at which relatively even-aged
cohorts of trees established are inferred from pulses in tree recruitment identified from tree
age and diameter data. A picture of regional regeneration history is developed by combining
the dates of cohort establishment from throughout Westland. We discuss mechanisms to
explain this regional forest structure and regeneration history, particularly in relation to the
notion that there have been periods of active landscape disturbance in Westland in the past.

THE STUDY AREA
This review covers all land to the west of the Main Divide from the Buller River in the north
to the Cascade River in south Westland. One site from immediately east of the Main Divide
was also included (Unknown Stream, Veblen & Stewart 1982). All districts of the region
have a common geological history in that movements of the Alpine Fault and glacial activity
have combined to shape the landscape (Whitehouse 1988). Lowlands are dominated by
piedmont moraine deposits separated by outwash surfaces, floodplains and blocks of dissected
hill country (Mew & Palmer 1989). Upland areas are contained in river valleys flowing from
the Southern Alps, and are often steep and highly dissected by water erosion and mass
movement. Mean annual precipitation is high, rising from about 2500 mm at the coast to up
to 12 000 mm in the frontal ranges of the Southern Alps (McSaveney et al. 1978).

In central Westland the forest canopy on lowland terrace and moraine surfaces is dominated
by Dacrydium cupressinum, with Prumnopitys ferruginea and Weinmannia racemosa forming
a discontinuous subcanopy (Norton et al. 1988). Floodplains are dominated by the conifer
Dacrycarpus dacrydioides on silty deposits, and Podocarpus hallii and Prumnopitys taxifolia
on coarse alluvium (Wardle 1974). Forests of the uplands and steep valley sides are dominated
by stands of the angiosperm trees Metrosideros umbellata and W. racemosa, and the conifers
Libocedrus bidwillii and Podocarpus hallii (Wardle 1980). Species of the angiosperm tree


