Lincoln
’University

Te Whare Wanaka o Aoraki
CHRISTCHURCH<NEW ZEALAND

Lincoln University Digital Thesis

Copyright Statement
The digital copy of this thesis is protected by the Copyright Act 1994 (New Zealand).

This thesis may be consulted by you, provided you comply with the provisions of the Act
and the following conditions of use:

« you will use the copy only for the purposes of research or private study

« you will recognise the author's right to be identified as the author of the thesis and
due acknowledgement will be made to the author where appropriate

« you will obtain the author's permission before publishing any material from the
thesis.



Coexistence, dynamics and disturbance history of
mixed conifer, beech, and hardwood forest,

north Westland

A thesis
submitted in partial fulfilment
of the requirements for the Degree of
Doctor of Philosophy
at

Lincoln University

by

Stephen C. Urlich

Lincoln University

2000



i
Abstract of a thesis submitted in partial fulfilment of the requirements for the
Degree of Doctor of Philosophy

Coexistence, dynamics and disturbance history of mixed conifer,
beech and hardwood forest, north Westland

by Stephen C. Urlich

Mixed conifer, beech and hardwood forests are relatively common in Aotearoa/ New
Zealand, but are not well studied. This thesis investigates the coexistence, regeneration
dynamics and disturbance history of a mixed species forest across an environmental

gradient of drainage and soil development in north Westland.

The aim was to investigate whether conifers, beech and non-beech hardwood species were
able to coexist on surfaces that differed in their underlying edaphic conditions, and if so to
understand the mechanisms that influenced their regeneration on both poorly drained and
well drained soils. The site selected was an area of high tree species diversity on a lowlaﬁd

- 0.8 km? post-glacial terrace at the base of Mount Harata in the Grey River Valley.

My approach was to use forest stand history reconstruction at two spatial scales: an
intensive within-plot study of stand dynamics (chapter 1) and a whole-landform approach
(chapter 2) that examined whether the dynamics identified at the smaller within-plot scale

reflected larger patterns across the terrace.

In chapter 1, three large permanent plots (0.3-0.7 ha) were placed at different points along
the drainage gradient, one plot situated in each of the mainly well-drained, poorly drained
and very poorly drained areas along the terrace. Information was gathered on species age
and size structures, spatial distributions of tree ages, species interactions, microsite

establishment preferences, patterns of stand mortality, and disturbance history in each plot.

There were differences in stand structure, composition and relative abundance of species
found between the well drained plot and the two poorer drained plots. On the well drained
site conifers were scarce, the beeches Nothofagus fusca and N. menziesii dominated the
canopy, and in the subcanopy the hardwood species Weinmannia racemosa and Quintinia
acutifolia were abundant. As drainage became progressively poorer, the conifers

Dacrydium cupressinum and Dacrycarpus dacrydioides became more abundant and
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occupied the emergent tier over a beech canopy. The hardwoods W. racemosa and Q.
acutifolia became gradually less abundant in the subcanopy, whereas the hardwood

Elaeocarpus hookerianus became more so.

In the well drained plot, gap partitioning for light between beeches and hardwoods enabled
coexistence in response to a range of different sized openings resulting from disturbances
of different extent. In the two more poorly drained plots, species also coexisted by

partitioning microsite establishment sites according to drainage.

There were several distinct periods where synchronous establishment of different species
occurred in different plots, suggesting there were large disturbances: c¢. 100 yrs, 190-200
yrs, 275-300 yrs and 375-425 yrs ago. Generally after the same disturbance, different
species regenerated in different plots reflecting the underlying drainage gradient. However,
at the same site after different disturbances, different sets of species regenerated,
suggesting the type and extent of disturbances and the conditions left behind influenced
species regeneration at some times but not others. The regeneration of some species (e.g.,
N. fusca in the well-drained plot, and Dacrydium in the poorer drained plots) was periodic
and appeared to be closely linked to these events. In the intervals between these
disturbances, less extensive disturbances resulted in the more frequent N. menziesii and
especially hardwood regeneration. The type of tree death caused by different disturbances
favoured different species, with dead standing tree death favouring the more shade-tolerant
N. menziesii and hardwoods, whereas uprooting created a mosaic of microsite conditions
and larger gap sizes that enabled Dacrycarpus, N. fusca and E. hookerianus to maintain

themselves in the poorly drained areas.

In chapter 2, 10 circular plots (c. 0.12 ha) were placed in well drained areas and 10
circular plots (c. 0.2 ha) in poorly drained plots to collect information on species
population structures and microsite preferences. The aims were to reconstruct species’
regeneration responses to a range of disturbances of different type and extent across the
whole terrace, and to examine whether there were important differences in the effects of

these disturbances.

At this landform scale, the composition and relative abundances of species across the

drainage gradient reflected those found in chapter 1. There were few scattered conifers in
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well drained areas, despite many potential regeneration opportunities created from a range

of different stand destroying and smaller scale disturbances.

Three of the four periods identified in chapter 1 reflected distinct terrace-wide periods of
regeneration 75-100 yrs, 200-275 yrs and 350-450 yrs ago, providing strong evidence of
periodié ’large, infrequent disturbances that occurred at intervals of 100-200 yrs. These
" large, infrequent disturbances have had a substantial influence in determining forest
history, and have had long term effects on forest structure and successional processes.
Different large, infrequent disturbances had different effects across the terrace, with the
variability in conditions that resulted enabling different species to regenerate at different
times. For example, the regeneration of distinct even-aged Dacrydium cohorts in poorly
drained areas was linked to historical Alpine Fault earthquakes, but not to more recent
storms. The variation in the intensity of different large, infrequent disturbances at different
points along the environmental drainage gradient, was a key factor influencing the scale of
impacts. In effect, the underlying edaphic conditions influenced species composition along

the drainage gradient and disturbance history regulated the relative abundances of species.

The results presented here further emphasise the importance of large scale disturbances as a
mechanism that allows coexistence of different tree species in mixed forest, in particular
for the conifers Dacrydium, Dacrycarpus and the beech N. fusca, by creating much of the
environmental variation to which these species responded. This study adds to our
understanding of the effects of historical earthquakes in the relatively complex forests of
north Westland, and further illustrates their importance in the Westland forest landscape as

the major influential disturbance on forest pattern and history.

These results also further develop the ‘two-component’ model used to describe
conifer/angiosperm dynamics, by identifying qualitative differences in the impacts of
different large, infrequent disturbances across an environmental gradient that allowed for
coexistence of different species. In poorer drained areas, these forests may even be thought
of as ‘three-component’ systems with conifers, beeches and hardwoods exhibiting key
differences in their regeneration patterns after disturbances of different type and extent, and

in their microsite preferences.

Keywords: forest disturbance, Alpine Fault, earthquakes, storms, coexistence, regeneration

dynamics, conifer, beech, hardwood, north Westland, Aotearoa/ New Zealand.
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CHAPTER ONE

Dynamics of mixed conifer/ beech/ hardwood forest,

north Westland, Aotearoa/ New Zealand.

Abstract

I investigated the dynamics of conifers, beeches and hardwoods to see whether they
were stably coexisting in an old-growth temperate rainforest in north Westland, Aotearoa/
New Zealand. I reconstructed the stand history of three mixed species stands across a soil
drainage gradient by examining tree population structures, spatial analyses of tree age
distributions, microsite preferences, species interactions and disturbance history on an 0.8
km’ post-glacial terrace, from well drained soils on the terrace edge, to poorly and very
poorly drained soils towards the terrace centre. The aims were to examine the role of
disturbances in influencing underlying species distribution patterns along the drainage
gradient, and to determine whether the main overstorey species (the emergent conifers
Dacrydium cupressinum, Dacrycarpus dacrydioides, canopy beech Nothofagus fusca, N.
menziesii and subcanopy non-beech hardwoods Weinmannia racemosa, Quintinia
acutifolia and Elaeocarpus hookerianus) were successfully able to replace themselves.

I found species distributions were influenced by the underlying drainage gradient,
and there were differences in stand structure and composition between well- and poorly-
drained surfaces. On the well drained site, N. fusca and N. menziesii were dominant in the
canopy, W. racemosa and Q. acutifolia were abundant in the subcanopy, and conifers were
scarce and scattered. On poorer drained sites, Dacrydium and Dacrycarpus were abundant
and typically emergent over a beech dominated canopy with hardwoods prevalent in the
subcanopy. Hardwood composition also changed as drainage deteriorated with E.
hookerianus becoming more abundant with W. racemosa and Q. acutifolia less so.

Where they were locally abundant, all the main overstorey species showed
population structures suggesting they successfully regenerated at different times over the
last 400 yrs. However, individual species had different sets of regeneration requirements,
and were able to coexist by differential establishment after disturbances of different extent

across the drainage gradient.
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In the poorer drained areas, the long-lived Dacrydium was mostly found in discrete,

relatively even-aged patches (often > 1000 m?) in response to large dlsturbances There
have been relatively few Dacrydium trees recruited into the canopy in the last 200 yrs. The
shorter-lived Dacrycarpus had more frequent and recent establishment than Dacrydium,
trees were recruited into the canopy after large disturbances and in a gap-phase manner
after smaller and more frequent disturbances. On well-drained sites, the scattered trees and
saplings of both conifer species were restricted to wet forest floor depressions.

Nothofagus fusca also had discontinuous age structures in poorer drained areas and
groups of similarly-aged trees were found on elevated sites. Intermittent N. fusca
regeneration occurred after extensive uprooting in the poorly drained plot, and, in the
absence of competing hardwoods in the very poorly drained plot, more frequent
regeneration occurred in smaller canopy openings. On the well drained site, the N. fusca
population comprised two even-aged patches of different age; the population was
dominated by an extensive even-aged patch that established following blowdown c. 100 yrs
ago. Nothofagus menziesii had more all-aged population structures than N. fusca across the
drainage gradient. Regeneration occurred in a range of patch sizes in response to
disturbances of different extent and type.

The subcanopy hardwood W. racemosa had all-aged populations in both the well
drained and the poorly drained plot indicating continual patterns of stem recruitment,
particularly during periods of less extensive disturbances at times when N. fusca and
conifer recruitment was comparatively low. Quintinia acutifolia trees were recruited after
a range of disturbances on the well-drained site particularly on rotting stumps, and in the
poorly drained plot establishment occurred in small gaps formed by the death of single
trees. In both poorer drained plots, E. hookerianus trees established on forest floor sites
and were periodically recruited into the overstorey in response to canopy openings along
with Dacrycarpus.

Evidence from tree population structures, annual growth-ring releases and the
spatial distribution of tree ages indicated three major periods of synchronous establishment
following disturbances that occurred in more than one plot: 275-300 yrs, 190-200 yrs and
100-125 yrs ago. An older pulse of establishment 375-425 yrs ago was identified from
population age structures and the spatial distribution of tree ages. Species regeneration
patterns differed after these different events in the following ways:

1. There was differential species establishment in response to the same disturbance
across the plots. This reflects the strong gradient in drainage and soil development across
the terrace. Following a large disturbance c. 275-300 yrs ago, N. fusca, N. menziesii, Q.
acutifolia and W. racemosa regenerated on the well drained site. ar<
regeneration of conifer species, Dacrydium, Dacrycarpus, Liboced.

Podocarpus hallii, occurred in the very poorly drained plot.
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2. Different suites of species established after different disturbances on the same site.

On the very poorly drained surface following the extensive pulse of conifer regeneration
275-300 yrs ago, subsequent and less extensive disturbances resulted in mainly N.
menziesii and N. fusca regeneration, as better drained microsites became available, along

with the hardwood Elaeocarpus hookerianus.

3. The type of tree death and the resulting microsite conditions influenced the
establishment of different sets of species at different times. Following standing tree death
in the poorly drained plot, the relatively shade-tolerant species N. menziesii, W. racemosa
and Q. acutifolia established together during a period of less extensive disturbances 100-
300 yrs ago. After more extensive uprooting at the same site in the last 100 yrs,
Dacrycarpus, E. hookerianus, N. fusca and N. menziesii were recruited into the overstorey
in abundance, suggesting species partitioned establishment sites with respect to the amount

of overhead cover.

4. After the same disturbance, species partitioned establishment sites according to
substrate drainage characteristics (e.g, logs and mounds versus forest floor, and within
forest floor microsites possibly along a gradient of peat texture) with conifers and E.
hookerianus confined to forest floor sites often around uproot pits, and the beeches and

other hardwoods on elevated sites.

These results suggest that species coexist by: (1) differential response to
disturbances of varying extent, (2) fine-scale differences in the regeneration niche with
conifers on poorly drained sites (forest floor, pit edges) and beeches and hardwoods on
better drained sites (logs, mounds, and stumps), and (3) the availability of suitable
microsites resulting from different forms of tree death.

Keywords:
Disturbance, coexistence, drainage gradient, regeneration niche, beech, conifer, hardwoods,

mixed species forest, spatial patterns, microsites, north Westland, Aotearoa/ New Zealand.

Nomenclature:
Allan (1961) with changes suggested by Connor and Edgar (1987) and Hill and Jordan
(1993).



1 INTRODUCTION

One of the interesting questions in Southern Hemisphere forests surrounds the
dynamics between the broad groups of conifers and angiosperms; specifically, are the
southern’conifers being replaced by angiosperms and whether it is possible to determine if
replacement processes are happening fast enough to be detectable (Enright er al. 1995).

In Aotearoa/New Zealand, angiosperms have typically been divided into two
different forest types, the beech (Nothofagus) species and broadleaved non-beech
hardwoods (Wardle, 1991). “This is due to the distinct set of morphological, biological and
ecological attributes that set beech apart from other angiosperms, such as differences in
growth form, canopy position, longevity, pollination vectors, seed type and dispersal
mechanisms (Wardle, 1991; McGlone et al. 1996) and mycorrhizal associations (Baylis,
1980; Francis and Read, 1994). Dynamics between beeches, hardwoods and conifers
where they co-occur have been traditionally viewed as unstable in Aotearoa, and most
research into the dynamics of these mixed stands has been addressed from an
invasion/succession perspective (Cockayne, 1926; Wardle, 1980; June, 1982; Allen, 1987;
Rogers, 1989; Haase, 1989). This may also be in part due to long-standing biogeographical
debates over the disjunct distributions of some of these species (Cockayne, 1926; Wardle,
1963, 1980, 1991; June, 1982; McGlone, 1985; Allen, 1988; Haase, 1990; Wardle and Lee,
1990; Leathwick, 1995, 1998).

Nevertheless, the interactions between conifers, beeches and hardwoods are unclear
and poorly understood (Ogden and Stewart, 1995; Ogden et al. 1996), despite these mixed
stands covering over 1 million hectares across a range of landforms, particularly at low
elevations (below 600 m) (Wardle, 1984; Newsome, 1987). Moreover, there has been a
general lack of research into whether species are coexisting or whether replacement
processes are occurring in these forests (¢f Lusk and Smith, 1998). There are few studies
that have extensive age and spatial information on the regeneration dynamics of these
groups of species where they co-occur, especially on lowland terrace landforms and along
environmental gradients (Veblen and Stewart, 1981, 1982; Stewart, 1986; Allen, 1988;
Rogers, 1989), and in lowland stands where the conifers, Dacrydium cupressinum (rimu)
and/or Dacrycarpus dacrydioides (kahikatea) (both Podocarpaceac), are a major
component (c¢f June 1982; Duncan, 1991, 1993; Lusk and Smith, 1998).



1.1 Succession or coexistence?

Historical interpretations of observed discontinuities in conifer size structurés led to
ideas that conifers were being replaced by more evolutionary advanced angiosperms
(Cockayne, 1928, Wormsley, 1958, Robbins, 1962). Climate change was proposed as one
mechanism to account for the apparent replacement of conifers by angiosperms (Holloway,
1954; Wardle, 1963; June, 1982). However, other workers noted that size discontinuites in
conifer populations were not unusual and could be explained by altemmative local
mechanisms, such as periodic establishment in response to increased light availability in
the canopy (Whitmore, 1966; Gray 1975; Clayton-Greene, 1977).

Other workers noted the apparent variation in the distribution and abundance along
environmental gradients between conifers and angiosperms, and partitioning of
environmental conditions was hypothesised to promote coexistence instead of succession
(Regal, 1977; Bond, 1989). Bond’s classic ‘tortoise and hare’ analogy described the
dynamics between the generally slower growing, longer-lived conifers and the faster
growing angiosperms. Functional constraints on conifer growth rates restrict conifers to
sites, or successional stages, which lack intense competition in the regeneration phase;
therefore these groups can coexist as the angiosperm (hares) capture the more favourable
sites, whilst the conifers (tortoises) are more restricted in their distributions and slowly
plod away on more infertile sites. However, in Aotearoa, conifers can also regenerate on
relatively fertile alluvial surfaces, landslide debris or recent ash deposits (McKelvey, 1963;
Wardle, 1974; Veblen and Stewart, 1982; Stewart and Rose, 1989; Duncan, 1993), and
have been described as ‘long-lived pioneers’ that can occupy sites for many centuries after
establishment following large disturbances (Ogden and Stewart, 1995). It is not
uncommon for two or three generations of angiosperms to grow up and die during the
lifespan of one long-lived conifer.

An alternative explanation of coexistence has therefore been proposed that
describes mixed conifer and angiosperm stands as ‘two-component’ systems, where groups
occupy different strata of the forest and exhibit different regeneration patterns in the same
stands in response to natural disturbances (Veblen and Stewart, 1982; Ogden and Stewart,
1995). Under this model, conifers and angiosperms regenerate in response to natural
disturbances of different scales (Ogden, 1985; Ogden and Stewart, 1995). The emergent
conifers typically have discontinuous age and size populations consistent with a light-
demanding regeneration response to infrequent, large-scale disturbances, whereas the

broadleaved subcanopy and canopy angiosperms usually have less size discontinuities and
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all-aged structures suggesting more continual recruitment in response to more frequent

disturbances (Ogden et al. 1996). In this respect, the ‘two-component’ model may not be
entirely mutually exclusive from the ‘tortoise and hare’ hypothesis of coexistence; in that
large disturbances could provide an equivalent release for conifers from intense
angiosperm competition in the juvenile phase allowing them to successfully regenerate, as
poor enVironmental conditions are predicted to do (Bond 1989).

Coexistence theory is premised around the idea of different species having a
different niche, which is a multi-dimensional concept describing an individual species need
and use of resources, its environmental tolerance, and its habitat requirements (Hutchinson,
1957, 1959). Species avoid competitive-exclusion (sensu Gause,>1934) and generally
coexist by inhabiting different niches in the same environment. Species have a
fundamental niche where they can potentially inhabit, and a realised niche where they may
be restricted by competition from other species, by physiological limitations in response to
environmental conditions, chance occurrences, or by biogeographical influences
(Hutchinson, 1957; Crawley, 1997). Where different species can potentially occupy the
same niche in the same environment, variability in disturbance regimes (frequency,
intensity and type) can allow for coexistence by providing much of the variation in light
and soil conditions that species respond to differentially (Connell, 1978; Huston, 1979).

The influence of natural disturbances in structuring forest communities has been a
key area of research in Aotearoa, and other southern lands, in understanding processes of
succession, replacement, community composition and dynamics (Foweraker, 1929;
Hutchinson, 1932; Veblen and Ashton, 1978; Veblen and Stewart, 1982; Ogden, 1985;
Stewart, 1986; Veblen and Lorenz, 1987; Read and Hill, 1988; Burns, 1991, 1993; Lara,
1991; Lusk and Ogden, 1992; Veblen et al. 1992; Duncan 1993; Ogden et al. 1996). The
effects of disturbances that occur across different parts of the landscape at different times
create a spatial mosaic of patches that are in a constant state of dynamic change. This has
given rise to the patch dynamics perspective in community ecology where disturbances
influence the availability of resources to plants through mortality, and affect interactions
between different species, either at a fine scale (e.g., canopy gaps), a stand scale, the
landscape level or at a regional scale (Pickett and Thompson; 1978; Runkle, 1982; White
and Pickett, 1985; Veblen, 1992; Wells, 1998).

1.2  Gaps and regeneration

Under the patch dynamics model, species have been characterised as having a

regeneration mode in response to different disturbances: catastrophic, gap-phase, and
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continuous (Veblen and Stewart, 1980; Veblen, 1992). Inferences into mixed species

dynamics can be gained from examination of different species regeneration modes, and
close examination of different species regeneration patterns using analysis of stand age
structures and the spatial distributions of tree ages (Henry and Swan, 1974; Oliver and
Stephens, 1977; Duncan and Stewart, 1991). Species dependent on catastrophic
disturbaﬂce mostly exhibit an even-aged population structure over large areas in response
to the sudden release in resources caused by these events (Veblen and Stewart, 1980;
Veblen, 1992). Gap-phase regeneration refers to species that reach the canopy in smaller
canopy openings caused by the death of few trees (e.g., gaps < 1000 m” and < 10 treefalls -
Rebertus and Veblen, 1993); and this can be recognised in smaller patch sizes and less
discontinuities in age structures. Species that can respond to very small openings or grow
up under the canopy can be said to show a continuous mode of regeneration. However,
these are not fixed modes as species can show different regeneration patterns in the
presence and absence of other species across environmental gradients (Veblen, 1989;
Veblen et al. 1992).

Aside from a species regeneration mode, at a finer scale species can be said to have

“a regeneration niche that they occupy after disturbance (sensu Grubb, 1977). Disturbances
influence coexistence and species diversity by providing much of the environmental
variation to which species respond differentially, particularly in the regeneration niche in
terms of microsite type and availability (Grubb, 1977; Whittaker and Levin, 1977; Duncan,
1993). Differences in microsite establishment preferences can enable species to coexist,
with elevated and non-elevated microtopography providing a mosaic of regeneration
opportunities in time and space, and the availability of certain microsites can allow species
to establish at the edge of their environmental tolerance ranges where ordinarily they would |
be excluded (Grubb, 1977; Harper, 1977; Beatty, 1984; Nakashizuka, 1989; Adams and

Norton, 1991; Putz and Sharitz, 1991; Duncan, 1993; Gray and Spies, 1997).

The spatial and temporal effects of disturbances can also maintain species diversity
by creating heterogenous light conditions after treefall. This has a spatial dimension in the
regeneration niche in terms of light availability from gap size and within-gap position, with
species coexisting by partitioning a broad gradient from gap centre (shade intolerance) to
gap understorey or edge (relative shade tolerance) (Ricklefs, 1977; Hartshorn, 1978;
Denslow, 1980; Orians, 1982; Brokaw, 1985; Swaine and Whitmore, 1988; Whitmore,
1989; Runkle et al. 1995; Runkle et al. 1997; but see Brown and Whitmore, 1992; Sipe
and Bazzaz, 1995; Busing and White, 1997). There is also a temporal dimension with the
influence of changing conditions in gaps, due to the age of gaps and the ability of species to

survive periods of suppression (Poulson and Platt, 1989; Runkle et al. 1995).
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However, other workers argue that the concept of the regeneration niche does not

by itself provide a complete explanation for coexistence in mixed conifer/angiosperm
stands, and differences in species life histories expressed during the adult stages need to be
considered (Lusk and Smith, 1998). Species that persist due to longer life-spans may
compensate for lower juvenile survivorship as sooner or later sporadic opportunities for
recruitrhent will occur (Shmida and Ellner, 1984; Veblen, 1986), an explanation invoked
by Lusk and Smith (1998) for the coexistence of scattered, long-lived conifer Dacrydium
trees in a well-drained mixed species hillslope forest in south Westland dominated by

beech and hardwoods.

1.3  Landscape and soils

At a broad regional scale, species distributions are a reflection of variation in
abiotic gradients such as climate, latitude, altitude, aspect, slope, landform, parent material,
soils and drainage (Whittaker, 1956; Wardle, 1984; Huston, 1994). In Westland, Aotearoa,
past studies have demonstrated a close relationship between vegetation patterns with
different landforms and stages of soil development (Wardie, 1977, Reif and Allen, 1988;
DeVelice et al. 1988, Norton and Leathwick, 1990; Stewart et al. 1993). At a landscape
level, beech and hardwood species dominate on hillslopes and better drained soils, and
conifers occur more frequently on poorly drained sites, particularly on terraces (P. Wardle,
1980; J. Wardle, 1984; Smith and Lee, 1984; Stewart et al. 1993; Leathwick, 1995).
Increasing surface age and leaching of nutrients under high rainfall regimes result in
corresponding changes in vegetation observed in soil chronosequences, with conifers
becoming dominant in deep peat filled depressions or gley podsol soils in south Westland
(Smith and Lee, 1984; Sowden, 1986).

In Westland, drainage is a key environmental variable in influencing soil
development and forest pattern (Mew, 1975; Simmons, 1982; Rogers 1995; Almond,
1997), and there appears to be a good relationship between soil drainage on terraces and the
vegetation sequence, with soil fertility being less important than drainage in determining
forest pattern (Mew, 1975). The general pattern of soil development with age goes from
free-draining alluvial and colluvial sediments, to yellow-brown earths on recent terraces
and river flats (Ross et al. 1977). Changes in soil permeability with increasing rainfall
promote greater leaching and podsolisation as soils develop (Tonkin et al. 1985). Gley
podsols occur on the flat surfaces of intermediate and higher terraces, and on older terraces

soils are generally leached and poorly drained in areas, often composed of gley soils, gley
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podsols and peats (Mew, 1975; Mew and Leamy, 1977). The distribution of different soils

on these terrace landforms is complex, often passing from one to another in less than a
metre (Campbell and Mew, 1986). The explanation for this heterogeneity is due to
differences in parent material, topography, geomorphology and vegetation; disturbance also
truncates soil development by retarding or redirecting soil pedogenesis after the uprooting
of trees aﬁd associated soils (Campbell and Mew, 1986; Adams and Norton, 1991; Stewart
et al. 1993).

Forest composition in relation to landforms and soil types has been described at
various sites in north Westland, with changes in species composition reflecting increasing
soil development and deteriorating drainage (Ross et al. 1977). The Dacrycarpus -
Nothofagus fusca (red beech - Nothofagaceae) forest type reaches its maximum
development on recent alluvial deposits of river flats, and fertile silty loams on low terraces
and valley floors (Morris, 1959; Mew, 1975; Ross et al. 1977). Nothofagus menziesii
(silver beech) is found on wetter, poorly drained terraces, and on the more poorly drained
intermediate and high terraces Dacrydium, Libocedrus bidwillii (kaikawaka -
Cupressaceae), and Weinmannia racemosa (kamahi - Cunionaceae) are common (Morris,

1959; Wardle, 1984).

1.4  Disturbance and gradients

Species distributions are also influenced by processes such as the dynamic impacts
of disturbances at different points along environmental gradients (Romme and Knight,
1981; Harmon et al. 1983). Understanding how species distributions are influenced by
these processes is an increasingly interesting area of ecological research, particularly with
respect to coexistence between different species. Several studies have examined how
successional patterns and species interactions were influenced by the effects of different
types of disturbances, and their interaction with broad scale environmental gradients. For
example, Romme and Knight (1981) found that the distributions of spruce, fir and pine
species were influenced by the frequency of fire, and rates of secondary succession along a
topographical gradient in Wyoming, US. Harmon et al (1983) studied the influence of
human modifications to the disturbance regime (fire frequency, logging and exotic species
invasions) in the US Great Smoky Mountains, and found these influences caused shifts in
species composition across broad topographic, elevation and moisture gradients. In Japan,
eight canopy species coexisted due to the interaction between windfall and logging impac;ts

across a topographic moisture gradient (Ishizuka and Sugawara, 1989). Across a broad



10
Trans-Andean geographical rainfall gradient, fire, earthquakes, logging and grazing

influenced the dynamics between different canopy species in different places (Veblen,
1989; Veblen et al. 1992). These authors found the beech N. dombeyi, and conifer
Austrocedrus chilensis, regenerated in different ways in response to variation in canopy
openings caused by different disturbances, depending on the composition of the forest
understofey at different points along the gradient, and post-disturbance conditions such as
the availability of suitable microsites. In wetter species diverse lowland forests, large
disturbances (e.g., fire) resulted in even-aged N. dombeyi and A. chilensis establishment,
with little subsequent recruitment in the absence of further large disturbances, and smaller-
scale gap-phase processes favoured the regeneration of more shade-tolerant hardwood
species. In contrast, in drier upland forests with fewer broad-leaved hardwoods, stands
dominated by mixed N. dombeyi and A. chilensis regenerated more frequently in small gaps

(Veblen et al. 1992).

1.5  Study Aims

My study aimed to address questions of coexistence between conifer, beech and
hardwood species, by determining whether these forests were in compositional equilibrium
(sensu Veblen, 1992). My approach was to examine the regeneration patterns and
dynamics of different species at different scales, along an environmental gradient in
drainage and soil development in north Westland. 1 investigated the impact of different
disturbances on species distributions at different points along the gradient at a within stand
scale and at the whole landform scale, to understand how these groups responded to
disturbances, and the subsequent availability of suitable establishment sites. Therefore,
this thesis is structured in two parts reflecting examination of dynamics and disturbance
history at the within stand plot scale (chapter 1) and the whole landform scale (chapter 2)

My objective was to understand the relative roles of environmental (soil drainage)
conditions (Bond’s ‘fortoise and hare’ hypothesis) and disturbance history (Ogden and
Stewart’s ‘two-component’ model) in determining species composition and abundance
along the drainage gradient.

To address this, in chapter 1 at the within stand scale, 1 conducted an intensive
study of stand development patterns, recruitment dynamics and disturbance history in three
large plots, situated at different points along the gradient in drainage and soil development

from well drained to very poorly drained soils.
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Specifically at the three positions along the soils/drainage gradient I:

| 5

2.

3.

4.

examined patterns of stand development.
reconstructed and examined the nature of historical disturbances.

investigated the patterns of individual species recruitment, specifically to
understand how each species has responded to disturbances; and

examined how the conditions created by disturbances of different type and extent
influenced compositional variation across the drainage gradient.

In chapter 2, I investigated whether the patterns and processes identified in these

large plots reflected processes occurring at a whole landform scale.

Plate 1: Stand structure in a poorly drained area of north Westland with Dacrycarpus dacrydioides and
Dacrydium cupressinum emergent over a Nothofagus fusca and N. menziesii canopy.
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2, METHODS

2.1  Study site
Mount Harata, in the north Westland region of the South Island (42/ 22’ S, 171/ 51’

E) is a granitic dome located in the Upper Grey River Valley above the confluence of the
Big Grey and Clarke Rivers, approximately 15 km from the Alpine Fault and c. 30 km
south of Reefton (Stewart e al. 1993) (Fig. 1). Annual rainfall at the site is likely to be
around 2500 mm (Stewart et al. 1993).

The lowland forests at the base of Mount Harata (200-300 m a.s.l) comprise
relatively high tree species diversity for Westland, and this area is where elements of
distinctly different forest types from the north and south come together in the Grey Valley.
To the north, extensive beech stands dominate the nearby Maruia Valley and Rahu Saddle
c¢. 20 km away, with Nothofagus solandri var. cliffortioides (mountain beech), N. ﬁlica,
and N. menziesii abundant on a range of sites, with conifers and hardwoods less common
and generally restricted in their distributions (Wardle, 1984). To the south, the conifers,
especially Dacrydium cupressinum and Dacrycarpus dacrydioides, and non-beech
hardwoods, particularly Weinmannia racemosa and Quintinia acutifolia (Westland
quintinia), dominate on the glacial moraines, outwash and recent alluvial terraces of central
and south Westland, in the zone where beeches are absent for ¢. 150 km (Cockayne 1926,
Wardle, 1963). To the west on the seaward site of the Paparoa range, podocarp/ hardwood
and mixed podocarp/beech/hardwood stands are common on karst bedrock derived
surfaces (DeVelice et al. 1988).

Mount Harata therefore, represents a key site for the study of mixed species
dynamics and for addressing coexistence questions in the ecologically diverse north
Westland region. Mount Harata was selected due to the range of conifer, beech and non-
beech hardwood species found on a range of soil types (Stewart et al. 1993). These authors
described relatively intact, unlogged vegetation sequences and associated soil variability on
terraces (except for the most recent terrace which is grazed), fans, and forested hillslopes
from the Grey River to mid elevations on Mount Harata. On the very well-drained
hillslopes and terrace side-slopes, N. truncata (hard beech) dominates in association with
Metrosideros umbellata (southern rata), Q. acutifolia and also N. fusca on the gentler

slopes (Fig. 1). Conifers are uncommon and are scattered across the hillslopes.
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Figure 1: Location map of Mount Harata study area, north Westland, South Island, with the spatial extent of
forest types across different landforms identified by Stewart et a/.(1993) (used with author’s permission).
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A large post-glacial terrace of Otiran age (c. 14000 yrs B.P- Bowen, 1964) situated

120 m above the Grey River (300 m a.s.]) was considered suitable for study (Fig. 1). This
c. 1 km long by ¢. 800 m wide terrace has broad variation in soil types and drainage, and at
least eight conifer, three beech, and three abundant non-beech hardwood species (Stewart
et al. 1993). Soils of the terrace edges are predominantly well-drained yellow-brown earth
soils (Aﬁaura series) and there are some associated patches of imperfectly- and poorly
drained gleyed yellow-brown earths. Moving toward the terrace centre, well-drained soils
grade into poorly drained gley soils (Maimai series) and fluid minerally peats (Rotokuhu
series), and eventually into very poorly drained organic peats (Kini series) close to the
terrace centre.

The most abundant conifers found across the terrace are Dacrydium and
Dacrycarpus with lesser numbers of Prumnopitys ferruginea (miro), Podocarpus hallii
(Hall’s totara) (all Podocarpaceae) and Libocedrus bidwillii. Other conifers are also
present but were almost exclusively confined to the most extremely poorly drained deep
peats near the terrace centre: Phyllocladus aspleniifolius var. alpinus (mountain toatoa),
Lagarostrobos colensoi (silver pine) and Halocarpus biformis (pink pine) (all
Podocarpaceae) are associated in these areas with the beech N. solandri var. cliffortioides
(Fig. 1 - Forest Type Al).

Structurally, Dacrydium and Dacrycarpus are commonly emergent over a canopy
of beeches and a hardwood sub-canopy across the terrace, and therefore these were the
main conifer species studied (Plate 1, Fig. 1 - Forest Types B1 and B2). Beeches were very
abundant with N. fusca and N. menziesii found across the terrace on a range of soils (Forest
types B1, B2, B4), except in the most extremely poorest drained soils where N. solandri
var. cliffortioides dominated (Fig. 1). Due to thé abundance of N. fusca and N. menziesii in
a range of well drained and poorly drained soils across the terrace, these were the beech
species studied. The three main non-beech hardwood species studied were the abundant W.

racemosa, Q. acutifolia and Elaeocarpus hookerianus (pokaka -Elaeocarpaceae).

2.2 Plot selection

Three rectangular permanent sample plots were established on differently drained
areas in different forest types identified by Stewart et al (1993) (Fig. 1). Plot A (50 m x 60
m) was located in very poorly drained soils near the terrace centre in forest type B2,
characterised by dominant Dacrydium, Dacrycarpus, N. fusca and N. menziesii with

associated E. hookerianus (Figs. 1 and 3 in Stewart et al. 1993). Plot B (100 m x 70 m),
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halfway between the centre and terrace edge, was situated in the extensive forest type B1

on poorly drained and very poorly drained soils, dominated by N. menziesii and N. fusca
with associated Dacrydium and Dacrycarpus. Plot C (50 m x 60 m) was located in forest
characterised by dominant N. fusca, W. racemosa, Q. acutifolia and N. menziesii trees on
well drained soils near the terrace edge (forest type B4) with scattered, emergent
Dacrydium. Data were collected over three years from 1996 to 1998. For ease of sampling

each plot was sub-divided into 5 x 5 m contiguous subplots.

2.3 Stand structure

To investigate population dynamics of overstorey tree species, I measured the
diameter at breast height (dbh), 1.4 m tall from the point of establishment of each tree > 5
cm dbh. Where there was more than one leader I measured the dbh of the largest one.
Trees were grouped into 10 cm size classes (e.g., 5-14.9 cm dbh, 15-24.9 cm dbh, e;c.) to
aid in interpretation of size-class frequency histograms. I recorded the spatial Iocation of
all saplings (<5 cm dbh, > 1.4 m tall) of the main overstorey species. Seedling densities
were recorded in 0.2 m? quadrats in each contiguous 5 x 5 m subplot (see section 2.8).

To determine population age structures, I cored every tree > 10 cm dbh and every
second tree from 5 to 10 cm dbh. Increment cores were extracted from 1 m above
establishment point. For trees > 50 cm diameter, two cores were often taken for better age
resolution. Cores were mounted, air dried, then progressively sanded with increasingly
finer grit sandpaper until the growth rings were clear and distinguishable. Cores were aged
by counting each individual ring, each ring was assumed to be annual. Other studies have
either demonstrated annual ring production or assumed annual ring growth (for Dacrydium
see Franklin, 1969, Stewart and White, 1995; Dacrycarpus - Duncan, 1993; N. menziesii -
Norton, 1983a; N. fusca - Runkle et al. 1997; L. bidwillii - Norton et al. 1987), although
missing and false rings have sometimes been recorded for these species (Norton er al.
1987). Cores were extracted from the longest radius of the trunk as this was less likely to
underestimate age, especially for Dacrydium (Stewart and White, 1995). No correction was
made for age to coring height, therefore ages will be underestimates of the true age.

For cores that missed the pith but had visible arcs, Duncan’s (1989) geometric
model for calculating the missing portion was used. Cores that had arcs > 50 mm from the
pith were rejected. For cores that were rotten and were short of the chronological centre
(27 cores), age was estimated by assuming the distance to the geometric centre also

represented the distance to the chronological centre (Norton et al. 1987). Cores that were <
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70% in length to the estimated geometric centre were rejected (48 cores) and ages were

estimated from age/ diameter relationships within each plot.

To investigate the accuracy rate of cores in terms of the distance from the pith, the
proximity of the pith for > 1700 trees was examined (Fig. 2). Over 84 % of cores either
hit the pith or were within a radius of 10 mm with relatively few short cores (< 5%), which
enabled‘ é robust interpretation of age structures. Trees were grouped into 25 yr age classes
for the beeches and podocarps up to 300 yrs old, and 50 yr age-classes thereafter. The
clarity and distinction of rings varied in many W. racemosa cores, making it difficult to
confidently place this species in 25 yr classes. Hence, to minimise possible counting errors
50 yr age classes were considered more appropriate for analysing population structures.

As a measure of canopy density, overhead canopy cover was subjectively estimated
in one of three classes above each tree and sapling, and for seedlings above all quadrats in
each subplot. These were open (<1/3 canopy cover), intermediate (1/3-2/3) and closed
(>2/3). Trees were also subjectively classified within one of four height tiers: understorey

(2-5 m), sub-canopy (5-15 m), canopy (15-25 m) and emergent (>25 m).

100 1 (n=1752)
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Figure 2: Relative frequency (%) of cores of all tree species in distance classes representing distance from
pith (chronological centre) for cores with arcs for trees in north Westland.

2.4  Stand history

To detect and date past disturbances, I examined changes in radial growth patterns
that could provide evidence of tree growth responses to disturbances (Lorimer, 1985;
Lorimer and Frelich, 1989). This method enables the detection and reconstruction of the

historical frequency and intensity of disturbances; for example, evidence of widespread
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extensive disturbance would be preserved in a rapid increase in radial growth patterns that

would be synchronous for trees that survived the disturbance. _

Disturbances are defined for the purpose of this study as “a discrete, punctuated
killing, displacement of one or more individuals (or colonies) that directly or indirectly
creates an opportunity for new individuals (or colonies) to become established’ (Sousa
1984: 356). Disturbance type simply means the agent of disturbance (storms, earthquakes,
drought etc), extent or scale refers to the spatial area disturbed; frequency refers to the
number of disturbances in a given period; magnitude refers to intensity (strength or
physical force unleashed) and severity is the impacts on the individual or community
(White and Pickett, 1985; Romme et al. 1998).

For consistency across plots, I selected N. menziesii for the examination of tree ring
releases because it was the only species that met a range of a priori criteria. First, this
species was abundant in all three plots with a number of trees older than 200 yrs. Second,
N. menziesii has clear annual rings with minimal false or missing rings demonstrated from
previous cross-dating and chronology production (Norton, 19834). Third, previous studies
of radial growth patterns have shown N. menziesii to be sensitive to a range of different
sized canopy openings from disturbances that differed in intensity and extent (Stewart and
Rose, 1990; Runkle et al. 1997).

I defined a growth release as a > 200 % increase in mean ring width when
consecutive 5-year means were compared. These were grouped into decades as a measure
of canopy disturbance frequency (see Lorimer and Frelich, 1989). This was because (with
the exception of the well-drained plot) trees were not cross-dated, and errors in absolute

age of about + 0-5 yrs are therefore possible because of locally absent or false rings.

2.5  Spatial analysis of tree age distributions

The spatial position (x, y co-ordinates) of all trees (>5 cm dbh) and saplings (<5 cm
dbh, > 1.4 m tall) of each canopy species were mapped. To identify even-aged patches of
trees that had established in response to historical disturbances (Lorimer, 1985), I used the
techniques outlined in Duncan and Stewart (1991) to examine the spatial distribution of
individual species tree ages. This method has previously been successfully applied in
South Island beech and conifer forests in detecting different aged patches of trees (Stewart
and Rose, 1990; Duncan and Stewart, 1991; Duncan, 1991; Van Uden, 1998).

In detecting even-aged patches of trees, a measure of spatial autocorrelation in tree

ages would suggest they are grouped together in a non-random manner; ie, spatial
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autocorrelation tests the independence of observed values in one area against those in a

neighbouring locality (Sokal and Oden, 1978). The detection of a significant spatial
structure involves constructing a spatial correlogram using a coefficient (Morans I) of
association to test for deviation from a random distribution (Legendre and Fortin, 1989;
Upton and Fingleton, 1985; Duncan and Stewart, 1991). Spatial correlograms were
constructed and the shape of the correlogram was interpreted for significant spatial
structure (Legendre and Fortin, 1989). If species ages showed a deviation from the random
distribution, which is in effect the null hypothesis (Upton and Fingleton, 1985), then
variables are significant spatially autocorrelated. This is done by measuring distances
between neighbouring points in 3 metre distance classes, or 4 metre classes if sample size
was not large enough, to give at least 20 pairs of neighbouring points which is the
minimum for interpretation of significant deviation from the null hypothesis (Legendre and
Fortin, 1989). Negative deviation represents distance between patches of different age,
whereas positive deviation represents trees of similar age that are positively associated, i.e.,
they are grouped together in patches (Duncan and Stewart, 1991). To determine whether
correlograms were statistically significant, a global test of significance was performed
using the conservative Bonferroni method (Legendre and Fortin, 1989).

If individual correlograms were significant, the methods outlined in Duncan and
Stewart (1991) were followed to determine patch composition, size and location.
Ordination analysis of tree ages was performed to investigate the spatial extent and
distribution of even-aged patches by constructing a matrix of association (Bray-Curtis
similarity measure), and non-metric multi-dimensional scaling was performed to arrange
these association measures in a two-dimensional graph (analysis in PATN statistical
package - Belbin, 1989). To ensure an additional measure of objectivity in grouping trees
of each patch, dendrograms were constructed to cluster together trees of similar age and
spatial location using agglomerative hierarchical clustering (UPMGA) in the PATN
analysis programme (Belbin, 1989).

2.6  Spatial patterns of tree dispersion

The spatial distribution of trees was investigated for significant univariate spatial
patterns. This was also performed for saplings. The distance between each tree was
analysed using the function K(f) (Ripley, 1977) to see whether trees were clumped,
randomly distributed or uniformly spaced (see Duncan, 1991). The function K(¢) uses each

tree-tree distance to provide a measure of spatial patterns at distance ¢ for each species
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within stands (Ripley, 1977, Upton and Fingleton, 1985). Duncan’s spatial analysis

programme (1990) was used to test whether these spatial patterns deviated from a null
hypothesis of a random distribution by using Monte-Carlo simulations to generate random
co-ordinates. The resulting 95 % or 99 % confidence envelopes generated were examined
to see whether values of K(r) were above (i.e., clumped distribution) or below (uniform or
regular distribution) the confidence envelopes. This method has been used to study spatial

patterns in south Westland conifer/ hardwood forests (Duncan, 1991; Rogers, 1995).

2.7  Spatial interactions between species

To investigate the spatial patterns for trees and saplings of different species relative
to one another, a bivariate measure of spatiél association was calculated also using
Duncan’s (1990) spatial analysis programme. The location of pairs of species was
analysed using the function Kj; (f) which examines the spatial independence of each
species at distance ¢ (Lotwick and Silvermann, 1982; Upton and Fingleton 1985). Monte-
Carlo simulations were used to generate random pairs of co-ordinates and investigate
deviations from the null hypothesis of independence. Confidence intervals at either 95 %
or 99 % levels generated were calculated from 19 or 99 toroidal shifts between species
(Lotwick and Silvermann, 1982; Upton and Fingleton, 1985). Values of K, (t) which were
above the confidence envelopes showed species to be positively associated with respect to

each other, and below the confidence envelopes species were negatively associated.

2.8 Patterns of microsite establishment

Microsite establishment sites (forest floor, pits, mounds, stumps, logs, and tree
ferns) for all trees and saplings were recorded by visual assessment. Mounds were defined
as clearly elevated surfaces above the forest floor such as an uprooted soil mass, or the
litter cone of a dead standing tree or stump. Stumps were the decaying wood of dead or
snapped trees. Log establishment sites were defined as visible remnants of fallen boles, or
where these had decayed and there was clear evidence in the tree growth form, i.e., arched,
elevated roots with a gap between the trunk and the forest floor surface. Pits were visible
depressions in the ground formed by uprooted trees. Tree ferns were the fibrous trunks or
bases of Dicksonia squarrosa and Cyathea smithii. Forest floor was the surface of the
forest. If the microsite establishment site was not clearly identifiable and able to be

confidently determined, the microsite type was recorded as forest floor; for example, some
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Dacrydium trees in the very poorest drained peats had extensive, spreading root plates and

it was unclear on what microsite type they had originally established on. ,

To measure seedling densities in each plot and their microsite establishment sites, I
placed a 0.2 m* (0.6 m x 0.33 m) quadrat on each microsite type in every contiguous 5 m x
5 m subplot. Where there was more than one microsite of a particular type, the microsite
sampled ’was randomly selected by throwing the quadrat high into the air, and then moving
it to the closest microsite of each type from where it landed. If a particular microsite were
absent within a 5 m x 5 m quadrat, no quadrat was able to be taken for that microsite (cf
Duncan et al. 1998).

For seedlings that established on logs, the decay class of each log was visually
assessed in one of four classes adapted from Stewart and Burrows (1994). Decay class L1
was recent logs that were characterised by intact outer bark. Decay was more advanced in
class L2, bark had detached and moss cover had advanced (<50% of the log). L3 logs had
greater sapwood decay, loss of some structural integrity was apparent and abundant moss

covered the log (>50%). Class L4 logs were visibly rotten and had lost their structural

integrity.

2.9  Spatial patterns of mortality

In each plot, dead spars and logs were mapped along with their mode of death
(dying standing, bole snap, uprooted) and identified to species where possible.
Identification proved problematical for well decayed logs, so several lines of evidence were
assessed to identify species: bole diameter, length and buttressing of bole, identification of
remaining bark, smell and the colour of wood, and comparison with better preserved
specimens of different species (Stewart and Burrows, 1994). The diameter of dead stems
was recorded, or reconstructed where portions of the bole or stump were missing. It should
be recognised that there are some limitations to this data. Some species decay faster than
others after the same disturbance, and some boles decay faster than others depending on
whether boles are lying in water or elevated above the soil surface (Stewart and Burrows,
1994). Therefore, the composition of species in coarse woody debris may not truly reflect
past forest composition, and spatial patterns of mortality are limited by identification.
Nevertheless, this information was gathered across the entire area of each plot so key
overall spatial patterns of mortality could be detected, and any random sampling errors

minimised.
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2.10 Soil and drainage patterns

To obtain a measure of soil variability and drainage within each plot, augur bores
were taken at the intersection of each 10 m x 10 m grid to determine depth to gravels,
drainage and soil profile morphology. Soil pits were dug along at the intersection of 20 m
x 20 m points to describe the soil profile morphology and variability in each plot. Soil
series names were recognised according to the study of Grey Valley soil types by Mew and
Ross (1980). Drainage was assessed from examination of soil profile development in three
classes: very poorly drained, poorly drained, well drained (see appendix). Classes were
assessed from those devised by Taylor and Pohlen (1970) and the Canadian Soil Science
Drainage Assessment Criteria (1987) with some modifications.

To examine subsurface differences in peat texture in plot A, samples were collected
from four pits across a 60 m transect at 15 m intervals. Samples were taken at different
depths in each pit where there was a distinct change in soil profile morphology.- The
proportion of organic matter to mineral material was determined by loss of organic matter
on ignition (Allen, 1974). Peat samples were placed in small crucibles and put into ovens
for 48 hours at 100°C. After removal from the oven, samples were immediately placed in
a desiccator to avoid moisture accumulation, then weighed (the crucibles were weighed
beforehand). Samples were then placed in a blast furnace at 550° C for at least 4 hours to
burn off organic matter. Samples were removed from the oven, immediately placed in a
desiccator to avoid moisture accumulation then reweighed to ascertain the relative
proportion of organic material to mineral material. In a number of samples, remaining
mineral material was clearly identifiable as blue-grey silt, in others only ash remained with

no mineral materia} visible.
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3. RESULTS

31 VERY POORLY DRAINED STAND - PLOT A

3.1.1 Stand composition, structure and soils

Conifers

The conifers Dacrydium cupressinum and Dacrycarpus dacrydioides had the largest
basal areas in this plot, and occupied the canopy and emergent tiers (Table 1). Of the other
conifers, there were only two live Libocedrus bidwillii and three Podocarpus hallii, although
17 dead L. bidwillii and 6 dead P. hallii stems were identified, which indicates they were

more abundant in the past.

Beeches

Nothofagus fusca and N. menziesii were also significant components of this plot.
Both species had similar stem densities and basal area, and mainly occupied the canopy and

sub-canopy (Table 1).

Non-beech hardwoods

Elaeocarpus hookerianus was the only abundant non-beech hardwood present,
although lower in density and basal area compared with the conifer and beech species. The
other hardwood, Weinmannia racemosa, was scarce with only two trees and two saplings.

There was a dense understorey of the tree ferns Cyathea smithii and Dicksonia squarrosa.

Table 1: No. trees (>5 cm dbh) in different height tiers, basal area, and and no. identified dead stems in 0.3 ha
plot A, Mt Harata. All values converted to a per hectare basis.

Species Understorey  Subcanopy Canopy  Emergent | Total | Dead Basal
(2-5m) (5-15m) (15-25m) (>25m) | stems | stems area

/ha | /ha m’ ha

Dacrydium 3 27 50 57 137 40 17.2
Dacrycarpus 3 17 40 80 140 80 13.7
N. fusca 33 23 70 3 129 43 9.1
N. menziesii 57 50 63 170 97 9.6
E. hookerianus 13 60 10 83 3 34
L. bidwillii 3 3 6 57 0.5
P. hallii 3 3 3 9 20 0.7
Total 674 340 54.2
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Plot A was dominated by very poorly drained deep Kini peats and Rotokuhu peats
varying in depth to underlying gravels from 50 cm to 115 cm, with a mean depth-of- 77 cm
(soil series names after Mew and Ross, 1980). Kini peats typically had a common horizon
sequence of O (> 50 cm) overlying a thin Bg horizon over gravels, Rotokuhu peats had an O
layer (20-50 cm) overlying a Bhr layer comprising fluid peat with incorporated mineral
material (see appendix for detailed soil profile descriptions). The abundance of Kini peats
placed this plot in the very poorly drained part of the drainage sequence. It was located
close to the transition to deeper extremely poorly drained basin peats near the plot centre,

where forest composition and structure markedly changed.

3.1.2 Stand size and age structure

Conifers

Dacrydium cupressinum ranged in age from 95-275 yrs but had a unimodal age
distribution with c. 50%. of live stems aged 225-275 yrs and progressively fewer stems in
younger age classes, suggesting a relatively even-aged population (Fig. 3a). The size class
distribution also suggested an even-aged population with > 60 % stems in the 35-64.9 cm
diameter classes and few smaller trees (Fig. 3b). The majority of dead stems (66%) were
also between 35-64.9 cm dbh, most of these were scattered throughout the plot and had died
from being uprooted, suggesting random mortality had occurred within the even-aged
population. Only three saplings were present, and there was only one aged tree < 100 yrs
old, suggesting that conditions in the plot have been unfavourable for recent Dacrydium
establishment and recruitment.

Tree age ranges for the emergent Dacrycarpus dacrydioides were similar to
Dacrydium with the ages of cored trees ranging from 93-323 yrs, with several older trees
387 yrs and 430 yrs (Fig. 3c). Unlike Dacrydium, the Dacrycarpus age distribution had
several peaks evident: 300-325 yrs, 250-275 yrs and 150-200 yrs. Dead standing stems were
evenly spread throughout the size classes 15-55 cm dbh (Fig. 3d), age/ diameter regressions
suggest these were probably aged between 150-310 yrs making a definitive interpretation of
the age structure difficult at this stage (appendix: Table A1). There were more Dacrycarpus
trees in smaller size classes compared with Dacrydium, and 10 times the number of saplings
that were probably < 100 yrs, suggesting more recent recruitment than Dacrydium (Fig. 3d).

There were few live L. bidwillii and P. hallii in the plot, the two surviving stems of

each species ranged from 228 to 320 yrs. Saplings and small diameter stems were scarce,
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and dead stems were of a similar diameter to live stems suggesting small, even-aged

populations (Figs. 3k and 31).

Beeches

The beech had different size and age structures from the conifers. Few beech trees
were older than 250 yrs and there were more beech trees in younger age classes, and more
numerous saplings than the conifers (Fig. 3). The cored Nothofagus menziesii trees ranged
in age from 25-384 yrs, and the age distribution had a discontinuous structure with distinct
peaks evident in the 300-325 yrs, 175-200 yrs and 25-50 yrs classes (Fig. 3e). Dead stems
were concentrated in the 15-45 cm dbh classes; age/diameter regressions suggest these were
probably aged between 125-247 yrs when mortality occurred (Fig. 3f).

Nothofagus fusca trees had a similar diameter range to N. menziesii (5-75 cm) with
many stems in the smallest size classes (Fig. 3h). However, in contrast to N. menziesii, most
trees were < 175 yrs old with two distinct peaks evident in the 125-175 yrs and 25-50 yrs
age classes (Fig. 3g). Most dead stems were between 21-31 cm dbh, which age/ diameter
regressions suggest were aged between 97-131 yrs when mortality occurred (appendix:

Table Al).

Non-beech hardwoods

The cored Elaeocarpus hookerianus trees ranged in age from 81-270 yrs, and the age
distribution resembled the N. fusca age distribution with a clear peak in the 125-175 yrs age
range, and with few stems > 225 yrs. There were 22 saplings which age/diameter

regressions suggest were aged between 65-80 yrs (Fig. 3j).

Several peaks in the age-class distributions coincided across the species. For
example, Dacrydium and Dacrycarpus both have peaks c. 250-275 yrs. Likewise
Dacrycarpus and N. menziesii (175-200 yrs), N. fusca and E. hookerianus (125-175 yrs) and
N. fusca and N. menziesii (25-50 yrs) share similar peaks. It is possible that these
coincidental peaks in the age distributions reflect episodes of establishment in response to
infrequent canopy disturbance. The ages of all trees were summed to help recogniSe
consistent periods of simultaneous establishment within the plot (Fig. 4). There were
several major age peaks that suggested distinct upsurges in establishment occurred at

different times in the plot: ¢. 300-325 yrs, 225-275 yrs, 125-200 yrs and 25-50 yrs ago.
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Figure 3: Age- and diameter-class frequency dxstribulions for the main overstorey species in plot A (L. bidwillii and P.
hallii diameter class only). Unfilled bars in age class diagrams represent estimated ages for unaged trees. Unfilled bars in
size class diagrams represent diameter class of dead stems, 0-5 cm = saplings in the size class diagrams.
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Figure 4: Grouped age-class frequency distribution for the main overstorey species in very poorly drained plot
A (Dacrydium, Dacrycarpus, N. menziesii, N. fusca, E. hookerianus, L. bidwillii and P. hallii).

3.1.3 Spatial distribution of tree ages

I constructed spatial correlograms to look for evidence of patchiness in tree age
distributions, to see whether the apparent coincidental peaks in age for different species
represented spatially distinct groups of similarly aged trees. All species showed evidence of
patchiness in their spatial structures although they were not globally significant (Fig. 5).
Nevertheless, correlograms for Dacrydium (Fig. 5a), N. menziesii (Fig. 5c), and N. fusca
(Fig. 5d) showed evidence of similarly-aged trees grouped together at short distances, all
had significant positive values at short distances (c. 1-12 m depending on species), and
negative values at larger distances indicating the distance between patches of different age
(c. 24-45 m). The correlogram for Dacrycarpus was similar in shape to Dacrydium and
showed a structure indicating relatively even-aged trees were grouped together at short
distances, although this was not statistically significant (Fig. 5b). A correlogram was not

constructed for E. hookerianus, as there were too few trees to test for spatial structure.
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Figure 5: Spatial correlograms of tree ages for (a) Dacrydium cupressinum (b) Dacrycarpus dacrydioides (c)
N. menziesii and (d) N. fusca. Horizontal lines of significance at o = 0.05 level for individual distance classes.

Conifers

The Dacrydium correlogram suggested there were even-aged patches of trees (Fig.
5a). Subsequent cluster analysis identified two groups, the first aged 151-275 yrs, and the
second aged 95-213 yrs (Fig. 6; Table 2). These two groups were spatially separated, the
first located pﬁmarily in the centre and right of the plot (Fig. 6a), and the second found
mostly in the upper left of the plot (Fig. 6b). The age distributions of the two groups
overlapped but were significantly different, suggesting the groups established at different
times in response to different disturbances (two-tailed Kolmogorov-Smirnov test = 0.74,
P<0.001).

Groups of even-aged Dacrycarpus trees were also evident from the correlogram
(Fig. 5b). Three distinct age groups were identified from the cluster analysis: 322-430 yrs,
218-323 yrs and 93-215 yrs (Fig. 7; Table 2). The three groups were mostly separated with
the oldest group comprising 3 trees located toward the top of the plot (Fig. 7a), the group
218-323 yrs occurred in clumps on either side of the plot centre (Fig. 7b), and the youngest
group was concentrated in the lower left and top right of the plot (Fig. 7c). The distribution
of tree ages in each group were significantly different (between groups 1 and 2

Kolmogorov-Smirnov (K-S) test = 1, P<0.001; groups 2 and 3, K-S test = 0.87, P=0.03).
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Beeches

The N. menziesii correlogram suggested there were even-aged patches of trees (Fig.
5c). Four different aged groups were identified from the cluster analysis: 315-384 yrs, 174-
252 yrs, 65-147 yrs and 25-80 yrs (Table 2) and these groups were spatially discrete (Fig. 8).
The oldest group, comprising just four trees, was located in the top centre of the plot (Fig.
8a), the group 174-252 yrs was confined to the left of the plot with one outlier in the bottom
right (Fig. 8b), the group 65-147 yrs was mostly around the centre of the plot (Fig. 8c), and
the group 25-80 yrs was located in the upper centre and top right of the plot (Fig. 8d). There
was some age overlap but the distribution of ages in each group was significantly different
(between groups 1 and 2 two-tailed K-S test = 0.87, P<0.001; between groups 2 and 3, K-S
=1, P<0.001; between groups 3 and 4, K-S = 1, P<0.001).

Patchiness in tree ages was also evident from the correlogram for N. fusca (Fig. 5d).
Subsequent cluster analysis identified three discrete age groups: 251-276 yrs, 128-173 yrs,
25-122 yrs (Fig. 9, Table 2). These groups were mostly separated spatially, with the group
251-276 yrs comprising just two trees in the far left of the plot (Fig. 9a), the group 125-173
yrs located in the lower left and far right (Fig. 9b), and the youngest group (22-122 yrs) was
mostly in the top right and top centre of the plot (Fig. 9c). Tree age distributions for each

group did not overlap.

Non-beech hardwoods

Cluster analysis of E. hookerianus identified two discrete age groups, the first 237-
270 yrs and the second 81-185 yrs (Table 2). These groups were spatially discrete, the
oldest group was in the top centre, and the youngest group was in the centre and right of the

plot (Figs. 10a and 10b). Tree age distributions for each group did not overlap.

For each species, age ranges of different groups appeared to generally reflect the age-
class peaks identified in Figs. 3 and 4, further suggesting that there were distinct periods of
establishment in the plot. For different species, patches with broadly corresponding age
ranges were placed into four age groups (Table 2). Within these four broad groups, the
spatial distribution of each patch of trees was compared to see whether trees of different
species were recruited at similar times in the same part of the plot. These groups are shown
on the stem maps in Figs. 6 - 10, and they appeared to overlap spatially.

Almost all trees in group 1 (aged > 300 yrs) comprising Dacrycarpus and N.
menziesii were found in the close proximity in the top centre of the plot, their ages also

overlapped suggesting relatively synchronous establishment (Figs. 7a and 8a).
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Trees in group 2 (mostly aged between 175-275 yrs) were numerous (54), and
located in different parts of the plot from group 1 suggesting a distinct pulse of
establishment. Dacrydium trees were mostly clustered in the centre with no interspersed,
older surviving trees, suggesting a pulse of establishment in a large, discrete opening in the
canopy (Fig. 6a). There were several Dacrydium trees located close to the plot edges,
outside the plot there were many similar-sized Dacrydium in close proximity suggesting a
more extensive even-aged patch. Dacrycarpus were in a different part of the plot to
Dacrydium (Fig. 7b) and were negatively spatially associated (Table 3), suggesting
partitioning of establishment conditions after disturbance.

Corresponding to the establishment of trees in group 2, were aged trees of two other
surviving conifer species, P. hallii (228 yrs and 273 yrs) and L. bidwillii (246 yrs and 320
yrs) indicating establishment occurred also around the same time as the other conifers.
These were mapped along with the identified dead stems of each species (Fig. 11), P. hallii
were located in the far right and L. bidwillii in the centre and right side only. A gcnerél lack
of young stems or saplings in the last 200 yrs suggests establishment has been infrequent for
these species.

The maximum N. menziesii age of the 174-252 yrs group was within 25 yrs of
Dacrydium in group 2, however the peak in its age-class distribution (175-200 yrs class) was
offset by c. 50 yrs compared to the conifers in group 2. Most trees (75%) were <225yrs old.
There are two possibilities to explain this offset: either there was a delay in N. menziesii
establishment, or trees were slower growing to coring height, after whatever initiated the
upsurge in conifer recruitment c. 275-300 yrs ago; or alternatively N. menziesii
establishment and recruitment into the canopy also occurred in response to another event (s).
The peak in the N. menziesii age-class distribution 175-200 yrs ago coincided with a peak in
the Dacrycarpus age-class distribution (Figs. 7c and 8b), and also reflected the general ,
upsurge in recruitment evident in the combined age-class distribution 175-200 yrs ago (Fig.
4). This suggests that whilst some N. menziesii establishment may have been linked to
whatever initiated conifer recruitment c. 275-300 yrs ago, its subsequent pulse of
recruitment into the canopy could be due to a separate occurrence around 200 yrs ago.
Hence, N. menziesii 174-252 yrs were placed in group 3 along with Dacrycarpus of similar
age.

Trees in group 3 (mostly aged 125-200 yrs) were also widely distributed throughout
the plot, but differed in their distribution from group 2. Dacrydium trees were clumped in
the upper left of the plot, spatially separated from most trees of other species, suggesting

establishment occurred in a discrete opening in the canopy (Fig. 6b). This patch could also
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be part of a larger patch outside the plot. Dacrydium trees in group 3 were negatively
associated with N. fusca and E. hookerianus of similar age (Table 3).

In contrast, the other species in group 3 had spatial patterns more consistent with
establishment in smaller canopy openings in different parts of the plot. Dacrycarpus were
mainly situated in the bottom left and upper right of the plot mainly in groups of two or
more trees (Fig. 7c). Nothofagus menziesii were confined to the left of the plot only (Fig.
8b). Nothofagus fusca and E. hookerianus were found mostly together in the bottom left,
centre and bottom right of the plot (Fig. 9b, 10b), and although there were differences in
their distributions, they were positively associated at short distances (Table 3). Nothofagus'
fusca was distributed in a series of distinct clumps of between 2 to 6 trees in the lower half
of the plot, suggesting establishment in a series of similar-sized canopy openings.
Elaeocarpus hookerianus were more widely distributed, both in small clumps close to N.
fusca, and individually in the centre and right of the plot amongst the older Dacrydium and
Dacrycarpus trees.

Trees in N. menziesii group 4 (65-147 yrs) had also established in similar areas to N.
fusca and E. hookerianus of group 3 (Fig. 8c), and were positively associated at short
distances (P<0.05, n= 32; P<0.05, n=34). The age-class distribution of trees in N. menziesii
group (4) suggested delayed and protracted establishment in small canopy openings after N.
fusca and E. hookerianus (Fig. 8c). |

Table 2: No. of trees and age range of different groups in plot A, mean age (+ s.d.) and maximum distance
between trees.

Groups Species No. Agerange Mean age + Max. distance
Trees (yrs) 1s.d. (yrs) between trees (m)
1 Dacrycarpus 3 322-430 380 + 54 31
1 N. menziesii 4 305-384 331 +36 18
2 Dacrycarpus 15 218-323 267 + 31 61
2 L. bidwillii 2 246-320 283 + 37 30
2 N. fusca 2 251-276 263 + 18 10
2 P. hallii 2 228-273 - 251 +23 25
2 E. hookerianus 3 237-270 250+ 18 58
2 Dacrydium 30 151-275 228 + 35 68
3 N. menziesii 21 174-252 207 +22 55
3 Dacrycarpus 24 93-215 158 + 32 73
3 N. fusca 20 128-173 148 + 11 60
3 Dacrydium 11 95-213 144 + 35 43
3 E. hookerianus 22 81-185 128 +29 57
4 N. menziesii 12 65-147 116 + 23 48
5 N. fusca 17 25-122 46 + 28 55

5 N. menziesii 14 25-80 37+ 16 50
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Figure 8: Stem maps and age-class frequency distributions for N. menziesii age groups (a) 305-384 yrs (b)
174-252 yrs (¢) 65-147 yrs and (d) 25-80 yrs. Unfilled bars are estimated ages.
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Figure 9: Stem maps and age-class frequency distributions for N. fusca age groups (a) 251-276 yrs (b) 128-
173 yrs and (c) 25-122 yrs. Unfilled bars represent ages estimated from age/diameter regressions.
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Figure 10: Stem maps and age-class frequency distributions for E. hookerianus age groups (a) 237-270 yrs
and (b) 81-185 yrs. Unfilled bars represent ages estimated from age/diameter regressions.
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Figure 11: Stem map of live and dead L. bidwillii and P. hallii (n=28).

There were comparatively few trees < 100 yrs with only the beeches showing a
number of similarly-aged trees in group 5 (Table 3). Trees of N. menziesii and N. fusca
were in the upper centre and right of the plot. Most N. menziesii stems were either clumped
among dead L. bidwillii stems in the right or spread out on logs and mounds underneath the
older Dacrydium canopy in the plot centre (Fig. 8d). The N. fusca trees were clumped on
mounds around the oldest Dacrycarpus/ N. menziesii trees, and spread out amongst the dead

L. bidwillii in the right of the plot (Fig. 9c).

Table 3: Patterns of association between groups of trees (>5 cm dbh) of different species derived from the
function K12(f). + and - denote significant (P<0.05) positive and negative associations for distances # up to
10m; dot indicates no significant association after testing between groups.

SPECIES Dacrycarpus
Group 2

Dacrydium
Group 2

Dacrycarpus N. menziesii N. fusca E. hookerianus
Group 3 Group 3 Group 3 Group 3
Dacrydium . .
Group 3
Dacrycarpus
Group 3
N. menziesii
Group 3
N. fusca +
Group 3

N. menziesii
Group 5
N. fusca .
Group 5
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3.1.4 Microsite differences within each group

Dacrycarpus trees in group 1 had established on forest floor sites, whereas N.
menziesii were all on elevated logs and mound sites (Table 4). In group 2, most
Dacrycarpus trees were on forest floor sites along with c. 50 % of Dacrydium trees in this
group, the yremaining Dacrydium had elevated root plates (15). It was unclear whether these
elevated, spreading surface root plates which extended up to 2 m from the base of each tree,
indicated establishment on material that since decayed. Another possibility is these root
plates were a morphological response to heavily saturated peats by offering structural
support after forest floor establishment, or were a response to anaerobic conditions in the

subsurface environment.

Table 4: Numbers of trees of each species established on different microsites for each approximately even-
aged group identified from the spatial analysis of tree age distributions.

Group Species Elevated  Elevated Non-Elevated Total
Logs Mounds Forest floor N
1 Dacrycarpus 3 3
1 N. menziesii 1 3 4
2 Dacrycarpus 1 14 15
2 N. fusca 1 1
2 E. hookerianus 1 2 3
2 Dacrydium 2 28 30
3 N. menziesii 11 8 2 21
3 N. fusca 10 8 2 20
3 Dacrycarpus 2 22 24
3 Dacrydium 1 10 11
3 E. hookerianus 4 18 22
4 N. menziesii 9 2 1 12
5 N. fusca 3 14 17
5 N. menziesii 3 10 1 14

There was a gradient in organic matter in soil pits across the plot with the highest
concentrations of organic matter (Kini peats) in the centre of the plot (Table 5), which
broadly coincided with the distribution of Dacrydium in group 2 (Fig. 6a). Increasing
amounts of mineral material in peats in the other areas of the plot (Rotokuhu peats) broadly
coincided with the distribution of Dacrycarpus in group 2 (Fig. 7a, Plate 2).

Soil samples were taken from within 1 metre of 10 randomly selected Dacrydium
and Dacrycarpus from group 2. The proportion of organic matter to mineral material was

greatest underneath Dacrydium (10-25 cm depth: range 72.3-96.4 %; 25-40 cm depth: 44.6-91.7
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%), whereas the proportion of organic material decreased with more mineral (silt) material in
the peats towards the outsides of the plot underneath Dacrycarpus trees (10-25 ¢m depth:
range 46.7-84.6 %; 25-40 cm depth: 35.6-81.4 %).

Although sample size was limited, there was a significant difference between the
organic matter concentration at different depths between species, with Dacrydium found in
peats with higher organic contents (Kruskal-Wallis test of mean organic matter concentration
between species: 10-25 cm depth X?=5.50, P=0.019, 1 d.f.; 25-40 cm depth, X?=4.48, P=0.034, 1
d.f.). This suggests that as the concentration of organic material increases Dacrydium
becomes more abundant and Dacrycarpus less so. However, peat textural differences alone
can not fully explain the distribution of these species within the plot, as there was some
overlap, with both species occurring on peats with similar proportions of organic material.
This suggests that other factors are also influencing their successful recruitment into the
canopy, although textural differences may be a factor separating species in the most organic
peats.

In group 3, establishment site differences were apparent between the species (Table
4). Elevated sites on these very poorly drained sites appear critical for enabling beech
establishment, almost all the beeches were on elevated sites, with > 50 % of N. menziesii and
N. fusca on logs. However, the conifers and hardwoods had established on forest floor sites,
along with the hardwood E. hookerianus.

Most N. menziesii and N. fusca trees in group 5 were on elevated mounds with
proportionately fewer trees on logs compared to N. menziesii and N. fusca trees in group 3,
and N. mengziesii in group 4 (Table 4). Elevated mounds were characterised by a L, F and H
layer (litter, fermentation and humic layer) over an O or peat horizon, compared with forest
floor and pit sites that generally have a saturated O layer only. The L, F, H layer is created
by better drainage due to elevation, and are therefore not permanently saturated and are

likely to be more aerated and warmer than the forest floor O layers.
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Table 5: Analysis of organic matter content of 4 soil pits across a transect in plot A at Mt Harata. Co-ordinates
along transect, depth to gravels, brief soil description and percentage organic matter taken from samples in
each layer. % organic matter represents absolute minimum of organic matter content after ignition.

Pit Co- Depth to Soil layer Brief Description % organic
No. ordinates gravels (cm) depth (cm) material
1 x=5 50 5-10 Very strongly decomposed layer 76.1
y =20

10-25 Very strongly decomposed dark brown with 59.6
black concretions, slightly sticky

25-40 Lighter brown in colour, fewer roots 474
2 x=20 80 5-10 Very strongly decomposed dark brown/ 94.8
y =24 black material
10-25 Weakly decomposed fine leaves, twigs, 96.6
intact pieces of wood, dark brown
25-40 Very wet fluid soil, abundant live roots 74.8
down to gravels
3 x=35 80 5-15 Very strongly decomposed dark brown/ 99.3
y =20 black material
15-40 Weakly decomposed fine leaves, twigs, 99.2
intact pieces of wood, dark brown
40-65 Semi-decomposed material, mushed up 99.2
pieces of wood, bad smell, chocolate brown
4 x =55 60 5-8 Very strongly decomposed dark brown with 84.3
y =20 black concretions, slightly sticky
8-30 Weakly decomposed fine leaves, twigs, 71.4
intact pieces of wood, greyish brown
30-60 Very wet fluid soil, abundant live roots 54.1

Plate 2: Residue after ignition of peats from pit 1 (left) and pit 3 (right) in plot A. Note the blue-grey material
from pit 1 are fine silt grains that were incorporated into the peat. The brown colour of material in pit 3
represents ash from organic material with few silt grains visible.
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3.1.5 Patterns of tree ring release and species recruitment

The episodic nature of tree recruitment that coincided for different species suggests
that disturbances causing openings in the canopy are the likely causal explanation for
patterns of synchronous tree recruitment evident in Figs. 3 and 4. From the distribution of
the four gfoups in Table 2, it appears that these periodic disturbances had differential effects
in different parts of the plot during the last 300 yrs.

The most extensive event in the last 300 yrs was the disturbance (s) that resulted in
the plot-wide (and probably beyond) synchronous establishment of predominantly conifer
species in group 2 c. 275-300 yrs ago. However, there were only three N. menziesii with
sufficiently long ring series to accurately determine the exact timing of this event, and
releases were found in two of them in the decade between 270-280 yrs ago. The oldest trees
for each species in group 2 were similar in age being clustered between 252-276 yrs (Table
2), with the exception of Dacrycarpus, which had a maximum age of 323 yrs (Fig. 7d).
However, there is > 30 yr gap from the three oldest trees to the main peak in the
Dacrycarpus age distribution; the next oldest Dacrycarpus tree is 278 yrs, suggesting these
three trees > 300 yrs may have represented advanced regeneration. Six of the Dacrydium in
group 2 branched as low as 6-10 m, which was unusual for this species that typically has a
tall straight bole with an emergent crown, suggesting lack of interspecific competition under
open conditions.

The delay in N. menziesii recruitment compared to the conifers in group, may well
also reflect response to a subsequent disturbance (s). I examined the patterns of annual
growth ring release in N. menziesii to investigate whether there were major periods of tree
ring growth releases that coincided with upsurges in tree recruitment, which could indicate
evidence for the timing of past disturbances (Fig. 12). Periods of release were considered
significant if they were present in > 20% of all trees measured. Most N. menziesii trees with
sufficiently long ring series were concentrated in the left of the plot, reflecting the
distribution of N. menziesii trees > 150 yrs old (Fig. 8b). This meant that the spatial
distribution of releases could not be used in interpreting the extent of disturbances that
occurred throughout the plot at different times, so individual species spatial distributions
were used instead. Cores were not cross-dated so the actual timing of events was also
unable to be accurately ascertained.

The largest peaks in releases were found in the periods 190-220 yrs, 140-160 yrs, 70-
90 yrs, and in the last 50 yrs (Fig. 12). Several peaks in releases coincided closely with
upsurges in species establishment within the plot suggesting these periods reflected the

timing of past disturbances. For example, two of these periods 190-220 yrs and 20-50 yrs
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corresponded with the upsurges in establishment 175-200 yrs and 20-50 yrs ago evident in
the combined species age-class distribution in Fig. 4. The period 140-160 yrs ago coincides
with the upsurge in the N. fusca and E. hookerianus age-class distributions in group 3. In
between these periods there were releases in > 10 % of trees suggesting periods of less
extensive disturbance.

The releases 190-220 yrs closely coincided with the increase in N. menziesii
establishment and recruitment in group 3. The seven N. menziesii that were older than 220
yrs were pre-existing saplings that probably established after the disturbance c. 275-300 yrs
ago, but experienced a significant growth release between 190-220 yrs ago enabling their
recruitment into the canopy. Evidence for this was found in the sudden and abrupt increase
in ring width that was sustained for a period of time after initial slower growth (Fig. 13).
The disturbance (s) also enabled an additional pulse of D. dacrydioides recruitment into the

canopy, explaining the corresponding peak in their age-class distribution in group 3 to N.

menziesii.
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Figure 12: Temporal distribution of growth releases in each decade over last 220 yrs (n= 20 trees). Filled bars
are relative proportion of trees with releases in each decade, solid line is total no. of cores measured in each
decade.
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The subsequent peak in releases commencing 150-160 yrs ago coincided with the
abrupt upsurge of recruitment into the overstorey of N. fusca and E. hookerianus trees in
group 3. These trees had established in other parts of the plot to N. menziesii in group 3, and
were mostly younger, suggesting the releases 140-160 yrs ago reflected a distinct
disturbance event (s) to the understorey or canopy which facilitated N. fusca and E.
hookerianus recruitment into the overstorey.

The periods of significant release identified in Fig. 12 represent disturbances that
were less extensive in their effects on species recruitment than the disturbance c. 275-300
yrs ago. Two lines of evidence support this: first, establishment of trees in groups 3 and 5
were in separate parts of the plot, and secondly trees in groups 3, 4 and 5 had generally
established in canopy gaps between and around older trees.

The releases in the last 90 yrs were found in most N. menziesii trees; however, the
youngest groups of stems were in the top right of the plot (group 5) on mounds around the
bases of dead standing conifers Libocedrus bidwillii and Podocarpus hallii (Figs. 8d, 9¢ and
11). Both N. menziesii and N. fusca trees in group 4 show significant positive associations
with dead L. bidwillii and P. hallii at very short distances (N. menziesii 1 & 4 m, P<0.05, n=
37; N. fusca 2-3 m, P<0.05, n=40). This could possibly reflect the changing establishment
opportunities in the plot with increasing microsite availability around the mounds and bases

(litter cones) of dead trees as the older trees die, particularly L. bidwillii in the same area of

the plot.
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Figure 13: Examples of N. menziesii cores in plot A showing substantial synchronous growth increases c. 190-
200 yrs ago (represented by arrows) after release from slower initial growth.
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3.1.6 Current regeneration patterns

Patterns of microsite establishment for saplings of different species reﬂeétéd fhose
found for trees of different species, with the conifers and E. hookerianus mostly on non-
elevated sites, and the beeches on elevated microsites (Table 6). Saplings of all species were
clumped in their distribution (appendix: Table A2), except Dacrydium for which there were
too few saplings to test.

In a similar pattern to the distribution of trees in group 4, saplings of both N, fusca
and N. menziesii were positively associated with dead standing trees (V. fusca at 1m, 3-5 m,
P<0.01, n=341; N. menziesii 2 & 5m, P<0.01, n=85). Nothofagus fusca saplings also have a
positive association with the litter cones of live Dacrycarpus > 250 yrs old (P<0.01, n=290).
Conditions are similar on these humic cones or mounds built up from leaf litter, twigs and
sloughed bark under live Dacrycarpus > 250 yrs in terms of an available L, F, H layer.
These live Dacrycarpus trees commonly exceed 30 m in height with a sparse open canopy,
allowing light to penetrate to the humic litter cones.

In contrast to sapling establishment patterns, seedlings of all species established on a
range of microsites, with the exception of L. bidwillii for which no seedlings were found
(Table 6). Only Dacrydium seedlings showed a non-random positive association with any
particular microsite (tree fens X* = 10.70, P<0.01, 1 d.f.), although most E. hookerianus
seedlings were found on non-clevated sites. However, Dacrycarpus, N. fusca and N.
menziesii seedlings were abundant on different microsites. This suggests that other factors
other than germination, inhibit beech species from reaching sapling size on non-elevated

sites and conifers on elevated sites.

Table 6: Comparison of number of saplings (<5 cm dbh, >1.4m tall) and seedlings (<1.4m tall) £+ 1 s.d. of
different species across different microsites in plot A (all values converted to a per hectare basis).

Species Forest Floor Logs Stumps Mounds Tree ferns TTL (ha™)

Dacrydium Sapls 7 3 10
Seedl 95 +18 160 +8 287 +14 980 +49 370£19 2114+ 108

Dacrycarpus Sapls 113 113
Seedl 31816 +1591 4733 +236 3220+161 2943 1147 3042 42742 + 2137

L. bidwillii Sapls 3 3 6

N. fusca Sapls 7 223 43 643 916
Seedl 1580 +79 517 £26 360 +£18 7+1 2464+ 124

N. menziesii Sapls 7 40 20 170 237

Seedl 6636 +332 1273 +64 11746 2156 +108 7+1 10183+ 511

E. hookerianus Sapls 60 3 3 66
Seedl 1580 +79 40 +2 157 +3 20+1 1697+ 85




3.2 POORLY DRAINED STAND - PLOT B

3.2.1 Stand composition, structure and soils

Dacrydium cupressinum had the largest basal area of any species in this plot,
although there were relatively few stems (Table 7). The other conifers Dacrycarpus
dacrydioides and Prumnopitys ferruginea had low basal area and stem density. No live or
dead Libocedrus bidwillii or Podocarpus hallii were found in this plot.

Both Nothofagus menziesii and N. fusca stems were abundant and the beech species
had the highest stem densities in this plot (Table 7). Stems of the non-beech hardwood
Weinmannia racemosa were also abundant. Other non-beech hardwoods Quintinia
acutifolia and Elaeocarpus hookerianus, were also present, but in low densities.

Structurally, Dacrydium, and to a lesser extent Dacrycarpus, were emergent over a
canopy dominated by N. fusca and N. menziesii (Table 7). The subcanopy tier comprised
abundant N. fusca, N. menziesii and W. racemosa, with associated Dacrycarpus, Q.
acutifolia and E. hookerianus, over an understorey of young beeches, hardwoods and tree
ferns (Dicksonia squarrosa and Cyathea smithii).

The most abundant identifiable dead stems were Dacrydium and N. fusca, with
fewer other conifers and N. menziesii (Table 7). No dead hardwoods were identified

although there were often dead and rotten leaders attached to live W. racemosa.

Table 7: No. of trees (>5 cm dbh) in different height tiers, basal area of live stems, and no. identified dead
stems within 0.7 ha plot B. All values converted to a per hectare basis.

Species Understorey Subcanopy Canopy Emergent | TOTAL | Dead | Live Basal
(2-5m) (5-15m) (1525m) (>25m) | stems/ | Stems Azrea
ha /ha m°/ ha

Dacrydium 1 11 41 53 44 249
Dacrycarpus 11 21 4 9 45 24 4.0
P. ferruginea 7 7 9 23 7 1.4
N. menziesii 46 96 71 1 214 19 11.1
N. fusca 27 74 47 6 154 56 7.1
W. racemosa 33 104 9 146 7.0
Q. acutifolia 9 13 22 1.8
E. hookerianus 14 7 21 0.5
Total 678 150 57.8
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Soils in this plot were a mixture of poorly drained peaty gley soils and very poorly
drained mucky, fluid Rotokuhu peats with incorporated mineral material (see appendix).
Although there were both poorly and very poorly drained soils in this plot, I placed this plot
in the ‘poorly drained’ part of the terrace drainage sequence due to the general lack of Kini
peats and the presence of relatively shallower peaty-gley soils. The peaty-gley soils
typically had a horizon sequence comprising an O layer (20-50 cm in depth), over Ah, Bg
and C layers. From soil pits and augur bores (n= 39) these peaty-gley soils were generally
shallower in depth to gravels (mean depth 62 cm) than the deeper Rotokuhu (n= 31) peats
(mean depth 80 cm - ANOVA between depths F-ratio 62.77, P<0.001, n= 70). The
Rotokuhu peats were mainly found in a band in the left of the plot, whereas the less poorly
drained shallower peaty gley soils mostly occupied the right side of the plot. This spatial
pattern could indicate a subsurface physical feature influencing drainage, such as an old
stream channel forming an underlying depression in the left of the plot. The main stream

flowing across the terrace now runs c¢. 100 metres farther east and parallel to this peat band.

3.2.2 Stand age and size structure

Conifers

The multi-modal age distribution for Dacrydium had a discontinuous structure with
three peaks evident in the 300-350 yrs, 600-650 yrs and 800-850 yrs classes, suggesting a
population composed of relatively even-aged groups of trees (Fig. 14a). The cored trees
ranged in age from 287-1052 yrs. The Dacrydium size-class frequency distribution also
had a discontinuous structure with most trees in larger size classes (> 45 cm dbh) and few
smaller diameter trees (Fig. 14b). The lack of trees < 300 yrs suggests conditions have
been unfavourable for recruitment into the canopy during this time, although there are a
number of saplings which age/diameter regressions suggest were < 60 yrs old (appendix:
Table B1).

Other species with shorter longevity show age patterns that could be attributable to
distinct pulses of recruitment and/or mortality at more frequent intervals in the last 400 yrs.
The age distribution of the emergent Dacrycarpus had a discontinuous structure with most
(c. 90 %) trees either < 100 yrs or > 300 yrs old suggesting intermittent recruitment into the
canopy (Fig. 14c). The cored trees ranged in age from 30-417 yrs. The Dacrycarpus size
structure also had a discontinuous distribution with most trees < 21 cm dbh and prolific

saplings, and a gap to the larger trees > 43 cm dbh (Fig. 14d).
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There were few scattered Prumnopitys ferruginea (16) and the cored tree ages
ranged from 35-635 yrs. Recruitment into the canopy was sporadic with one or two trees
recruited into the canopy per century, only three individuals were recruited into the canopy

in the last 100 yrs and there were no saplings present. Trees were scattered within the plot.

Beeches

In contrast to the conifers, beeches and non-beech hardwoods were more numerous
and substantially more stems were recruited into the canopy over the last 250 yrs (Fig. 14).

The multi-modal age distribution for N. menziesii had a discontinuous structure
with several peaks evident in the 50-100 yrs, 175-200 yrs, 250-275 yrs and 350-400 yrs age
classes, suggesting either a population reflecting distinct periods of recruitment and/or
mortality (Fig. 14e). The cored trees ranged in age from 25-368 yrs. The size-class
frequency distribution had most trees in smaller size classes and decreasing numbers of
trees in larger size classes (Fig. 14f). Over 200 saplings were found which age/ diameter
regressions suggest were < 70 yrs (appendix: Table B1).

The N. fusca age-class frequency distribution also had a discontinuous pattern with
most trees in younger age classes (Fig. 14g). The cored trees ranged in age from 25-423
yrs (Fig. 14g). There were several older trees > 300 yrs old with a gap in ages of ¢. 100 yrs
until about 225 yrs ago when establishment of stems recommenced. Most trees (c. 90%)
were < 100 yrs, which may reflect most of the population having arisen abruptly
commencing c¢. 100 yrs ago, or it may suggest a pattern of more continuous recruitment
and/or mortality. The N. fusca size class distribution shows a much steeper reverse ‘J’
shape than N. menziesii with decreasing numbers of trees in larger size classes (Fig. 14h),
which could also reflect recent establishment of a large, relatively even-aged population, or
alternatively indicate a continuous recruitment pattern with high mortality in smaller size
classes. There was prolific recent sapling establishment (> 300), which age/diameter

relationships suggest were < 50 yrs in age (appendix: Table B1).

Non-beech hardwoods

The cored W. racemosa stems ranged in age from 50-440 yrs, and the majority of
the population were aged between 100-200 yrs (Fig. 14i). This could reflect a large pulse
of stem recruitment commencing 200-250 yrs ago with comparatively less subsequent
establishment in the last 100 yrs, although there were 34 saplings not aged that
age/diameter regressions suggest were < 90 yrs. The size class distribution had a similar
shape to the age distribution with a peak in the 15-24.9 cm class suggesting a distinct

period of stem initiation (Fig. 14j). There were fewer saplings than the beeches and
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conifers. The largest living leader of each W. racemosa was cored; however, this does not
necessarily reflect the actual establishment age of the tree. Weinmannia racemosa can
resprout as old leaders die and rot away, and it is not uncommon to see a main leader in an
advanced state of decay with young, vigorous leaders growing from the base. New leaders
can also be produced alongside older, intact stems in response to more recent canopy
openings. Nevertheless, this species appears to have different age patterns to the beeches
and conifers, with proportionately more stems aged between 100-200 yrs ago, when beech
and conifer recruitment was comparatively low. Intriguingly, there has been significantly
less new establishment of W. racemosa trees in the last 100 yrs than the beeches. This
pattern is also reflected in the size class distribution as there were substantially less
saplings and small stems (< 15 cm dbh) in this plot than the beeches and Dacrycarpus (Fig.
14j).

There were few stems of the other hardwoods Q. acutifolia and E. hookerianus
(Table 7); these ranged in age from 50-250 yrs for both species. There were also few
saplings recorded (6 and 22 respectively) indicating recent recruitment for these species has

been infrequent in the plot.

Tree age distributions for several individual species suggested that there had been
distinct periods of establishment within the plots over the last 900 yrs. Therefore, to
investigate whether there were distinct periods of stem establishment, I combined the ages
of all conifers, beeches and hardwoods together (Fig. 15a). There were five main periods
where there was a distinct upsurge in stem establishment in the plot over the last 900 yrs:
'50-100 yrs, 200-250 yrs, 350-450 yrs, 600-650 yrs and 800-850 yrs. Several of these
periods were also evident as peaks in individual species age-class distributions, suggesting
there were periods where there were pulses of establishment of different sets of species at
different times. For example, coinciding with a beak in the Dacrydium age distribution
350-400 yrs ago, there is a peak of similarly-aged Dacrycarpus and N. menziesii trees, with
several N. fusca (Fig. 14). Commencing c. 100 yrs ago there was a coincidental upsurge in
Dacrycarpus, N. menziesii, and N. fusca establishment, and between 200-250 yrs there was

an increase in N. menziesii and W. racemosa stems.

3.2.3 Spatial distribution of tree ages
I constructed a spatial correlogram of the tree ages for all species combined, to look
for evidence of patchiness in tree age distributions, and to see whether these pulses of

establishment represented spatially distinct groups of similarly-aged trees (Fig. 15b).
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Figure 14: Age- and size- class frequency distributions for the main overstorey species (> 30 trees) found in
plot B. Unfilled bars in the age diagrams represent ages estimated from age/ diameter regressions for unaged
trees. S = saplings in size class diagrams. All regressions significant at P<0.01 (appendix: Table B1).
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Figure 15: (a) Grouped age-class frequency distribution for all species in poorly drained plot B (Dacrydium,
Dacrycarpus, P. ferruginea, N. menziesii, N. fusca, W. racemosa, Q. acutifolia, and E. hookerianus). (b)
Spatial correlogram of tree ages for all combined species tree ages. Horizontal lines of significance at a =
0.05 level for individual distance classes. Bonferroni correction test globally significant at oo = 0.01 level
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The correlogram for all species combined showed patchiness in tree age
distributions and was globally significant (Fig. 15b). Positive values at small distance
classes indicated that trees of similar age were grouped together at short distances, and
negative values at larger distances reflected the distance between patches. A further
positive value at distance class 30 suggested there was some distance between patches of
similar age across the plot. Coi'relograms for the main tree species (> 30 individuals) were
then constructed for Dacrydium, Dacrycarpus, N. fusca, N. menziesii and W. racemosa.
Orily the Dacrydium, Dacrycarpus and N. menziesii correlograms showed evidence of
significant spatial structures that suggested patchiness in tree age distributions, and these
were all globally significant (Figs. 16a-c). These three correlograms all had significant
positive values at small distance classes indicating that trees of similar ages were clustered
together at short distances, and significant negative significant values at larger distances

reflecting distances between patches of different age.
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Figure 16: Spatial correlograms of tree ages for (a) Dacrydium cupressinum (b) Dacrycarpus dacrydioides
and (¢) Nothofagus menziesii. Horizontal lines of significance at oo = 0.05 level for individual distance
classes. Bonferroni correction test Dacrydium and Dacrycarpus globally significant at o, = 0.01 level, N.
mengziesii significant o. = 0.05. For Dacrydium distance classes 23-25 (88-100 m), and for Dacrycarpus
distance classes 13-16 (72-100 m), were excluded as there were less than 20 pairs of neighbouring points.

Conifers

The Dacrydium correlogram suggested there were even-aged patches of trees (Fig.
16a). I mapped the trees that comprised each modal peak as well as the age class either
side, to give a maximum span of 150 yrs for each possible cohort. The three groups of
different aged trees were found to be spatially separated in different parts of the plot (Fig.
17). These distinct age groups reflect relatively even-aged cohorts that were recruited into

the canopy at different times.
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Trees in the oldest group (784 - 1052 yrs) had a peak evident in the 800-850 yr
class, and were extensively distributed in the towards the lower half of the plot except in
the far right (Fig. 17a). Nine of the 13 trees were short cores with rotten centres, although
two cores that hit the pith were aged 826 yrs and 840 yrs respectively.

Most trees in the second group (553-723 yrs) were aged between 600-650 yrs, and
were found in two clumps, one in the top left and the other in the far right of the plot (Fig.
17b). Both these clumps adjoined more extensive stands of relatively similar-sized
Dacrydium trees that lay outside the plot boundaries.

Trees in the youngest Dacrydium patch showed a bell-shape distribution peaking in
the 300-350 yr class, the oldest trees were 373 yrs and 398 yrs (Fig. 17c). These trees were
densely packed in a small discrete patch situated in the top right of the plot, along with an
outlier of 472 yrs (denoted by the symbol V - Fig. 17c¢).

For Dacrycarpus, three groups of relatively even-aged trees were identified from
cluster analysis: 30-102 yrs, 153-201 yrs and 303-417 yrs (Table 8). The oldest group
(303-417 yrs) were found mainly in the top right of the plot (Fig. 18a). Most of these trees
were located together with the similarly-aged 300-400 yrs Dacrydium patch suggesting
relatively synchronous establishment.

The four trees in the group (153-201 yrs) were located around the plot centre (Fig.
18b). In the youngest group (30-102 yrs), most trees were concentrated in three small
clumps in the centre of the plot, with scattered individuals found in the far right and far left
of the plot (Fig. 18c). Within this age grouping, there was no further separation of ages
into younger and older groups, with tree ages in the three small clumps ranging from 30-82
yrs, 40-72 yrs and 39-102 yrs. The distribution of this youngest group in relatively distinct

clumps may well reflect establishment in discrete canopy gaps.

Beeches

The correlogram for N. menziesii suggested there were even-aged patches of trees
(Fig. 16c). I mapped the four modal peaks evident in the N. menziesii age-class
distribution: 25-124 yrs, 125-199 yrs, 200-299 yrs and 325-400 yrs, that corresponded to
the main peaks identified in Fig. 15a, and the age range of the distinctive age groups
identified for Dacrycarpus in Fig. 18 (Fig. 19). A cluster analysis of N. menziesii ages
produced four very similar groupings of similarly-aged trees that were spatially clumped,
and stem maps showed them to be distributed in the same areas (appendix: Fig. B1);
however, for clarity the maps of the modal peaks are presented. Trees in each of the four

groups were clumped together, often in small groups, and were mainly found in different
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parts of the plot, reflecting pulses of recruitment into the canopy in response to
disturbances at different times (Fig. 19).

Trees in the oldest group, 330-368 yrs, were located in the centre and right of the
plot (Fig. 19a). There were two trees situated close to the 300-400 yrs Dacrydium patch
(Fig. 17c), and several were located close to Dacrycarpus of similar age in the lower right
suggesting relatively synchronous establishment (Fig. 18a).

Trees in the group 205-281 yrs were located in three different clumps in different
parts of the plot, suggesting establishment in canopy gaps commenced around the same
time c. 280 yrs ago (Fig. 19b). Trees located in small clusters in the lower right, and in the
far left of the plot, were surrounded by old-growth emergent Dacrydium, suggesting
establishment in small canopy gaps (Figs. 17a-b). These trees had all established on log
microsites in the lower right of the plot, and on mounds and logs in the far left. Trees in
the upper centre were amongst the 300-400 yrs Dacrydium and Dacrycarpus patch,
suggesting either delayed establishment to whatever initiated conifer establishment, or
more likely establishment in response to subsequent canopy openings. All six trees were
on elevated sites favouring the latter explanation.

The upsurge in establishment around 200 yrs ago for N. menziesii predominantly
occurred in the left of the plot, and stems were in clumps amongst oldest Dacrydium cohort
(Fig. 19¢). The other distinct cluster of seven trees established in small clumps amongst
the youngest Dacrydium cohort in the upper right of the plot, also suggesting response to
small canopy openings amongst surviving trees.

There was a major upsurge in recruitment beginning around 125 yrs ago, which
peaked in the 50-75 yrs class (Fig. 14¢). Trees in the gronp 25-125 yrs mainly distributed
in discrete small clumps between surviving trees throughout the plot, particularly large

conifers in the centre and right of the plot (Fig. 19d).



o

- (a) Group 1: 784- 1052 yrs (n=13)

0 (=13
04
& 4
.
Ew . ° $
g & =s
g F3
8% * &
20 .
°
.
10
.
¢ .
o L T e o cu ™ U T R s B e ¢ Lo
0 20 4 v L] %0 100 MW 2D IO 40 IO K0 W AD o
Distance (m) Age claem (yrs)
b) Group 2: 553 - 723 yrs (n= 12
L) P = yrs ( ) . 4 e
L]
L
L]
60 4 . o
50 -
Ew g
g =
& $
L] * *
20
10
0 T £ o —r T T Tt tt—rrTr
0 20 40 p. 60 80 100 W 20 30 40 SO &0 A0 @0 S0+
Distance (m) #p deen (yrg)
- (c) Group 3: 287 - 472 yrs (n=13) 10+ =13
Ly
A A
0 " a
A v =
A
50 A
Y A
Ew
3 g
¢ 5
- | -]
8% 2

Distance (m)

Figure 17: Stem maps and age-class frequency distributions for Dacrydium showing spatially separated
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Figure 19: Stem maps for N. menziesii age groups mapped from their modal age peaks

in Fig. 14a.
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Table 8: No. of trees and age range of different groups, mean age (+ s.d) and maximum distance between trees.

Groups Species No. Agerange Mean age + Max. distance -
trees (yrs) 1s.d (yrs) between trees (m)
1 Dacrydium 13 784-1052 865+ 92 80
2 Dacrydium 12 553-723 633 + 48 100
3 Dacrydium 12 287-398 334 + 31 50
3 Dacrycarpus 8 303-417 373 +46 75
3 N. menziesii 6 330-368 352+ 15 50
4 N. menziesii 19 205-281 239+ 23 25
5 N. menziesii 41 125-197 163 + 22 90
5 Dacrycarpus 4 153-201 181 +20 45
6 N. menziesii 84 25-124 77 +22 40
6 Dacrycarpus 20 30-102 52+ 19 95‘

Nothofagus fusca trees were distributed throughout the plot with notably few stems

amongst the 300-400 yrs Dacrydium/ Dacrycarpus patch in the top right of the plot (Fig.

20). Trees are clumped together within the plot particularly trees < 125 yrs concentrated

around the plot centre (Fig. 20).

These trees appeared vigorous, and were clustered

together along with trees of the youngest Dacrycarpus group in relatively recent canopy

openings formed by the uprooting of large boles, particularly around the plot centre. About

80% of N. fusca trees had established under open conditions in canopy openings (Table 9).
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Figure 20: Stem map for N. fusca (n= 108).
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Non-beech hardwoods

Weinmannia racemosa trees were widely distributed throughout the plot (Fig. 21a).
The few W. racemosa stems that established in the last 125 yrs were scattered around the
plot, compared with the beeches and Dacrycarpus, which were more densely clumped

towards the plot centre, suggesting there were differences in regeneration strategies in

response to canopy openings (Fig. 21a).
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Figure 21: (a) Stem map for W. racemosa (n= 102). (b) Stem map of the non-beech hardwoods Q. acutifolia
and E. hookerianus, and the conifer P. ferruginea. The area between the solid lines broadly depicts the main

area of very poorly drained fluid Rotokuhu peats that run in a continuous band through the left side of the
plot.
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Elaeocarpus hookerianus and Q. acutifolia were mainly located in the left of the

plot in an area dominated by the very poorly drained Rotokuhu peats (Fig. 21b). Trees of
E. hookerianus were found in two main clumps in the lower centre and upper left of the
plot. Nine of the 10 trees in the lower centre which ranged in age from 35-117 yrs were
situated close to, and were of similar age, to the youngest group of Dacrycarpus,
suggesting establishment occurred around the same time (Fig. 18c). In contrast, most Q.
acutifolia trees (66%) in the left of the plot were aged between 128-220 yrs and were

situated close to N. menziesii trees of similar age in group S (Fig. 19c¢).

Table 9: No. trees for each of the most abundant species in overhead cover classes in plot B.

Species Open Intermediate Closed Total
Dacrydium 36 2 38
Dacrycarpus 21 5 6 32
N. menziesii 94 24 32 150
N. fusca 82 16 10 108
W. racemosa 50 28 24 102

3.2.4 Spatial patterns and species interactions

Dacrydium cupressinum trees were distributed in clumps at mid- to large distances |
reflecting a population composed of large patches (Table 10). Dacrycarpus dacrydioides,
N. menziesii and N. fusca all had similar patterns of clumping at small and large distances
reflecting their patchy distribution throughout the plot and establishment in different sized
canopy gaps (Table 10). Both N. menziesii and Dacrycarpus trees had also established in
areas with open or intermediate overhead canopy cover (Table 9). Weinmannia racemosa
trees were clumped at short distances but randomly distributed at mid to large distances
suggesting establishment in small groups. There were less W. racemosa than other species
in the open overhead cover class (Table 9), possibly suggesting that they were recruited
into a range of canopy openings.

There appeared to be two broad groups of species recruited at different times. One
group comprised a pulse of similarly-aged Dacrycarpus, N. fusca, N. menziesii and E.
hookerianus that established c. 100 yrs ago. The prolific establishment of these species
appeared to reflect a prevalence of canopy gaps created by ongoing canopy collapse of the
oldest two Dacrydium cohorts in the last century. Three large (c. 100 cm) dbh Dacrydium
trees died in early 1998 (subsequent to being tagged and cored), and 31 dead large diameter

Dacrydium boles were also identified on the forest floor in various stages of decay.
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The other group of species comprised N. menziesii, W. racemosa and similarly-aged
Q. acutifolia, which had a corresponding upsurge in recruitment around 250 yrs ago mainly
in the far left of the plot. Nothofagus menziesii and W. racemosa were positively
associated at short distances, and W. racemosa was also positively associated with Q.
acutifolia at short distances (Table 11).

Many W. racemosa stems were located amongst older, emergent Dacrydium trees,
however, they were sparsely distributed in the areas of dense N. fusca and Dacrycarpus
agéd < 100 yrs particularly around the plot centre (Fig. 21). Weinmannia racemosa stems
were found to be negatively associated with Dacrycarpus and N. fusca at short distances,
and also with the other subcanopy hardwood E. hookerianus (Table 11).

There are also structural differences between species with W. racemosa mainly
occupying the subcanopy and often exhibiting a characteristic twisting, angled, multi-
leadered growth form, compared to N. fusca and Dacrycarpus trees which typically had
one straight leader and occupied the canopy or emergent tier (Table 7). This growth form
in the subcanopy may allow W. racemosa to take advantage of small light openings; for
example, W. racemosa trees had a significant positive association with emergent
Dacrydium trees (Table 11), establishing on the humic litter cones around the tree bases
which have formed from centuries of litter fall, twigs, sloughed bark and moss. In contrast,
N. fusca, Dacrycarpus and E. hookerianus trees were negatively associated with

Dacrydium at short distances (Table 11).

Table 10: Patterns of spatial dispersion for trees (> 5 cm) and saplings (>1.4 m ht, <5 cm) by species. Letters
indicate significant (P<0.05) deviation from a random distribution at distance ¢ based on values of the
function K{(t): C = clumped distribution: . = random distribution. Only distances up to 20 m presented.
Spatial correlograms were only constructed for species with > 30 individuals.

t (metres)
Type Species 1 5 10 15 20 n
trees  Dacrydium cupressinum ....... ... CCCCCCCCCC 38
sapl  Dacrydium cccececececececcececcecececceccececcecce 49
trees  Dacrycarpus dacrydioides ccecececececececcececcece ... . 32
sapl  Dacrycarpus cccecececeececececcecececceccec 299
trees  Nothofagus fusca ccccecceeceecececececceccec 108
sapl  N. fusca ccccecececececececcececceccec 202
trees  Nothofagus menziesii ccececeeececececcecececcecececceccce 150
sapl  N. menziesii ccceceececeeccececcececcececcec 301
trees  Weinmannia racemosa .Ccccccc... . 102

sapl  W. racemosa cccceceeeececececececceccec 35
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Table 11: Patterns of association between groups of trees (>5 cm dbh) and between saplings (<5 cm dbh.,
>1.4 m tall) of different species derived from the function K12(f) + and - d