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ABSTRACT

Podocarpus totara D. Don (totara), a highly valued, naturally durable coniferous
tree species, is widely distributed in indigenous lowland forest throughout New
Zealand. As harvesting from natural forests has declined there has been increasing
interest in planting and managing totara for timber production. A ‘new’
indigenous forest resource not only gives landowners options for extraction of
high value specialty timber in the long-term, but also fulfils a wide range of other
non-timber objectives, such as increasing biodiversity and enhancing the cultural
and heritage values of our flora. However, there is a lack of quantitative
information on growth, productivity and wood characteristics of totara from
planted stands. Iﬁ addition, there is the potential to manage stands of totara that
have regenerated naturally on farmland in many regions. Aspects influencing the
growth of totara and relevant to management for timber production have been
investigated, including genetic variation, age estimation techniques, growth and

productivity of natural and planted stands, and tree form and wood quality.

Thirty-six provenances of totara planted on a coastal site were assessed almost 11
years later. Some genetic differences between provenances were apparent. Totara
from northern latitudes grew faster and with better stem form than provenances
from more southern locations. There is also considerable variation within
provenances, indicating that improvement of growth and stem form is possible
within local populations. Breeding trials that capitalise on the fairly homogenous
genetic variation in totara are likely to provide significant improvement in

productivity and wood quality, as has been found in other conifer species.

An assessment of increment cores from planted stands of totara of known age was
undertaken to determine accuracy of this method for estimating age, and hence
determining productivity of natural stands of unknown age. Using refinements of
these techniques, increment cores were used to estimate age of a chronological
sequence of naturally regenerating totara-dominant stands in three areas in

Northland where they are a prominent feature on steep, hill country farmland.
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Evaluations of these stands support previous work that totara fits the catastrophic
regeneration mode typical of shade-intolerant species. Clearance of original forest
cover has provided conditions in which totara can successfully colonise open,
grazed, steep slopes dominated by weedy pasture and bare ground, often in
mixture with other unpalatable species such as manuka, kanuka and gorse. With
natural thinning, most eventually develop into single-species, semi-mature stands
that are relatively uniform in stem size and form; such stands have good potential

for management as a future wood resource.

An evaluation of the early performance of totara and other indigenous conifer tree
species planted throughout the country indicates most stands have been
established on sites unsuited to other land uses such as exotic forestry or farming.
In addition, many stands received minimal after-planting care. A preliminary
growth and yield model for totara based on a small number of established
plantations indicates that while total stem volume growth is slow over the first 50
years, yield increases significantly over the following 50 years. A mean basal area

of about 100 m*ha™' and mean volume of 800 m’ha™' are predicted at age 80 years.

Growth of totara in natural stands that developed on steep hill slopes on Northland
farms is considerably slower than in plantations mostly established on better sites.
Plantations had a mean volume of 470 m’ha™’ at 60 years but natural stands were
estimated to take another 40 years to achieve a similar volume. Widely-spaced
trees have a high proportion of multiple stems and coarse branching to low levels
while trees in high density stands have better form. The few log sections sawn
into boards indicate no major problems in timber quality although heartwood

development is usually low.

A descriptive model of totara following four pathways is presented showing
growth and tree form development over time for natural and planted stands that
have established under different conditions. A selected management regime and
preliminary economic analysis for planting a stand of totara is also given. The
timber and other benefits of planting and managing naturally regenerating totara
stands are discussed along with constraints and suggestions for growing totara on

new sites as a long-term specialty timber resource.
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CHAPTER 1

INTRODUCTION

With limitations on harvesting timber from natural forests in New Zealand in
recent years, there has been increasing interest in the planting and management of
indigenous tree species for wood production. Most old-growth indigenous forest
is in Crown ownership and is now protected from logging (Whyte 2000), with
only limited supplies available from indigenous forest in private or Maori
ownership managed on a sustainable basis (Newton 2000). Interest, therefore, has
been increasing in many sectors of the community, including landowners, iwi
(Maori tribal groups), and forestry consultants, and within Government agencies
in developing sustainable management systems for planting and management of
indigenous timber species for market and non-market benefits (e.g., Hughes 1991;
Silvester and McGowan 2000). A ‘new’ indigenous forest resource on previously
milled and cleared land provides not only an option for wood production on
appropriate sites, but also gives numerous other benefits. These include
stimulating interest in New Zealand’s natural heritage and culture, enhancing
biodiversity in a range of landscapes and encouraging the practice of multiple-use
forestry. A sustainable resource of indigenous timber trees gives future
generations of New Zealanders options for meeting some of their cultural, social
and economic needs. Other benefits include less reliance on imported specialty
timbers often harvested from natural forests and encouraging the use of naturally-
durable timbers for specialty uses rather than near-total dependence on locally-

grown exotic softwoods treated with preservatives.

Totara (Podocarpus totara D.Don) is one of our major indigenous conifer species,

widely distributed in lowland forest throughout the country. Other major conifers
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are rimu (Dacrydium cupressinum), kahikatea (Dacrycarpus dacrydioides), matai
(Prumnopitys taxifolia), miro (Prumnopitys ferruginea), kauri (Agathis australis)
and tanekaha (Phyllocladus trichomanoides). These species have been utilised for
a range of purposes by both Maori and European settlers with totara providing
some highly specialised end uses. Only small quantities of totara are now
available from private or Maori land, or from Crown land under the stewardship

of the Department of Conservation for infrequent Maori ceremonial uses.
1.1 USE AND DEMAND

The early Maori quickly appreciated the architectural and carving qualities of
totara. For Maori, both the spiritual significance and practical use of totara had a
“special mythical origin assigned to it” and a status “as the principal member of
the company of rakau rangatira (superior or lordly trees)” (Best 1942). As a wood,
totara was unexcelled, not only through its mana (status) but also through its
physical properties. These included ease of working with stone tools, light weight
and durability. It was extensively used for construction, decorative carvings, and
most significantly, ocean-going waka taua (war canoes). Since the arrival of
European settlers in the late 18™ century, totara from old-growth stands has been
an important special-purpose timber because of its outstanding features of
durability, evenness of texture, ease of working, and lightness of heartwood
(Hinds and Reid 1957). Consequently, it was widely used for exterior joinery as
well as fence posts, battens, buildings, bridges, railway sleepers, foundation piles
and shingles (Duguid 1990; Clifton 1990).

1.2 EXPLOITATION

Concern over exploitation of the indigenous forestry timber resource and
dwindling old-growth forest in many regions was being expressed over a century
ago. In the 1880s the indigenous forests were still regarded as virtually
inexhaustible. By 1900, government officials and some sawmillers were coming
to the view that the indigenous forests were likely to be cut out within 40 or 50
years (Roche 1990). It became obvious that the increasing demand for

construction timber could not be sustained from clearfelling natural stands. In
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addition, there was a gradual acceptance of the need for forest reserves during the
late 19™ century. However, in practice, a distinctive geographical pattern emerged,
as it was generally upland areas that were reserved, these being less suited to
farming (Roche 1990).

A forest plantation industry based on introduced conifers became predominant but
exploitation of the indigenous old-growth forest continued until the late 20%
century. Pressures from informed public debate and environmentalists led to
changes in forest policy (New Zealand Forest Service 1977). However, totara,
along with other major podocarp tree species, was still being felled in Crown
forests in the central North Island in the late 1970s. Environmental groups
protested, some occupying crowns of large totara at Pureora Forest Park to
prevent felling, one of the decisive public actions taken at this time highlighting
exploitation of indigenous forest (Edmonds 1978; New Zealand Native Forest
Restoration Trust 1992). Ultimately this led to public pressure on central
government to cease logging of old-growth indigenous forest on Crown land in
the North Island by the early 1980s and on Crown land in the South Island by
2001.

1.3 EARLY PLANTATION TRIALS

Efforts to establish plantations of indigenous species, including totara, date back
to the 1870s. However, comparisons between indigenous, European, North
American and Australian species indicated that New Zealand species such as
totara grew too slowly (Roche 1990). In a species-by-species account of forestry
trees for planting, Mathews (1905) accepted earlier pronouncements from others
rejecting commercial afforestation with indigenous species on the grounds of their
slow growth (Balfour 1865, Blair 1879, Kirk 1889; cited in Roche 1990). The
encouraging results that had been attained for exotic species, principally radiata
pine (Pinus radiata) and other Pinus species, Douglas-fir (Pseudotsuga
menziesii), and various eucalypts (Eucalyptus spp.) and poplars (Populus spp.),
contrasted with the disappointing growth rates of indigenous species. This
provided the impetus for a fledgling exotic plantation forest industry in New
Zealand.
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The perception that indigenous species were inherently slow-growing and,
therefore, of little value for planting and managing for timber production was
reinforced in the Royal Commission on Forestry’s report of 1913. In a discussion
of the economics of planting trees that take 80 years to mature, the report, in its
conclusion referred to * the utter absurdity of suggesting such a tree as the totara
for afforestation purposes” (Royal Commission on Forestry 1913, p.xxx). This
was based on early experimental plantations of selected indigenous and exotic
species in New Zealand. Nevertheless, some 546,500 seedlings of totara had been
planted in State Plantations up to 1909 along with only three other indigenous
species listed — 4280 kahikatea, 200 Hall’s totara (Podocarpus hallii) and 200
rewarewa (Knightia excelsa) (Department of Lands 1909). Why totara was
planted in such high numbers compared with other indigenous species probably
reflects the ease with which totara seed could be collected, seedlings raised in
nurseries, and the early indications that it could grow on a wide range of cleared
and open sites, albeit relatively slowly. One totara plantation established between
1905 and 1909 was located at Puhipuhi in Northland. The seedlings were grown at
the local Ruatangata Nursery just north of Whangarei (Department of Lands 1909)
where over 100 ha of cleared land were planted (McQuire 1956, Forest Research
Institute File F.S. 28/4/5). This clearly demonstrated that some landowners and
managers early last century recognised both the dwindling natural resource of
totara and the need to rejuvenate it. This particular plantation was accidentally
burnt a few years later with only small remnants existing today. These remnants,
however, have shown the excellent potential of the species for growing in
plantations. Had these earlier generations continued planting totara and other
indigenous timber trees, there could well have been plantations approaching 100

years of age and suitable for harvesting in the near future.

Despite the increasing focus of the forestry industry on exotic species
(O’Loughlin 2000), some planting of indigenous tree species continued either as
small operational programmes of the New Zealand Forest Service, in parks and
recreational areas by local authorities, on private land or as part of research
programmes of the Forest Research Institute. Sporadic planting of nursery-raised

and wilding kauri seedlings was carried out from the early 1930s to the 1960s
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although seedlings survival and growth varied widely (Halkett 1983). From the
late 1950s, half a million seedlings of indigenous species were planted out on a
range of forest and scrub sites. This included a number of large trials of the native
conifers rimu, totara, kahikatea with some matai and tanekaha established in
several regions including the West Coast, Hawkes Bay, central North Island, and
north Auckland (Beveridge 1977). During the late 1970s and early 1980s up to
50,000 kauri seedlings were raised at the New Zealand Forest Service for planting
/in Northland, Great Barrier, South Auckland and the Coromandel Peninsula. Over
the same period, up to 40,000 podocarps were being planted in the central North
Island forests of Pureora and Whirinaki (Beveridge 1979). In addition, numerous
small plantations of single or mixed stands of a wide range of indigenous timber
trees were planted on private land and in public reserves and urban parks
throughout the country (Pardy et al. 1992). These stands have often been
established on fertile lowland sites and have been well-maintained indicating the
potential growth of the major indigenous tree species in planted stands up to 100

years of age.
1.4 WHY RESEARCH TOTARA?

Totara has been of great importance in the past to both Maori and early European
settlers. The cultural importance of totara for Maori has not lessened in current
times (Simpson 1988). With limited availability of totara from old-growth forest,
interest by significant sectors of the community for information on totara for a
range of objectives, including wood production, justifies an in-depth investigation
of its potential for planting and management. There is also a large resource of
naturally regenerating second-growth stands developing on previously cleared
sites in many regions throughout the country on private or Maori land. These have

the potential to be managed as a long-term wood supply.

Previous studies and observations have identified a wide range of features that
make totara a species worthy of further evaluation for growing as a specialty
timber tree. These include: cultural and heritage values; durability and machining
qualities of the wood; wide natural distribution; tolerance of a wide variety of

sites; ease with which seedlings can be raised in a nursery; good growth rates;
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potential genetic gains in both growth and form; and amenability to tending.
However, previous research has not adequately demonstrated the feasibility of

growing totara as a special purpose wood supply.
1.5 OBJECTIVES OF THIS THESIS

The overall objective of the thesis is to determine the potential for growing and
managing totara as a long-term sustainable timber supply. The aim is to develop a
descriptive model of the growth and development of totara under different
establishment and management regimes with recommendations for a strategy for
developing a future timber resource. A broad approach has been taken whereby
several research areas investigating aspects of the growth and development of
totara, in both planted stands on a range of sites and in naturally regenerating
stands on pastoral hill country, are considered. Specific objectives for these
research areas include:

o to compare the growth and stem form of a range wide sample of
provenances relating any variability to geographic and climatic factors, and
to determine the potential for breeding improved strains of totara;

. to describe and quantify the characteristics of naturally regenerating stands
of totara on farmland including their development over time and potential
for management;

. to quantify growth rates of totara of known age on a range of sites and to
develop a preliminary growth model; and,

o to determine correlations between tree form and branching characteristics
with stand parameters including stand age and stocking and the effects on

wood quality for both planted and young natural stands.

Various aspects relevant to the long-term management of totara for specialty
timber production under a range of ecological, silvicultural, and economic
considerations are also discussed. These include the role of totara in sustainable
land use particularly in hill country; even-aged or uneven-aged stand
management; and management of totara as single-species stands or in mixed-

species stands.
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1.6 OUTLINE OF THESIS

The following aspects of the growth of totara have been studied in both planted

and naturally regenerating stands. These include: establishment; early growth;

stand development; tree form and wood quality. Provenance differences and aging

using growth rings have also been studied for planted stands. An outline of the

thesis is given below with reference to papers published, in press or in preparation

relating to each chapter.

Chapter 2

Chapter 3

Chapter 4

A review of the current knowledge of the ecology and silviculture
of totara relevant to management for timber production is given.
This has been published as:

e Bergin, D.O. 2000: Current knowledge relevant to management
of Podocarpus totara D.Don for timber. New Zealand Journal
of Botany 38: 343-359.

As totara covers a wide latitudinal and altitudinal range, an
investigation of genetic differences between geographically
separated populations (provenances) in growth and tree form was
undertaken. This is useful for developing a strategy for genetic
improvement of the species where timber production is an
objective. This chapter investigates the variability among
provenances of totara collected from throughout the country
planted on a North Island site over 10 years ago. A paper has been
submitted to an international journal:

e Bergin, D.O.; Kimberley, M.O. (reviewed): Provenance
variation of Podocarpus totara D.Don ten years after planting
on a coastal site in northern New Zealand. Forest Ecology and
Management.

To assess growth and development of naturally regenerating stands,

reliable techniques for aging stands of unknown age are required.

The reliability of using growth rings to estimate tree age based on

planted stands of totara of known age has been determined. A paper

for an international journal has been written:
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Chapter 5

Chapter 6

Chapter 7

* Bergin, D.O.; Bathgate, J. (reviewed): Determining age using
growth rings on increment cores from planted totara
(Podocarpus totara D.Don) stands. Tree Ring Bulletin.

Chapters 5 and 6 cover the establishment and development of

naturally regenerated stands of totara on farmland. This chapter

describes the early successional pattern from pasture to totara on a

typical hill country site in Northland. A journal paper is in

preparation:

e Bergin, D.O. (in prep): Regeneration of Podocarpus totara
D.Don on pastoral hill country, Northland, New Zealand. New
Zealand Journal of Botany.

Development of natural stands on farmland in three districts of

Northland is investigated. In each district, age sequences of

naturally regenerated stands were sampled to describe stand

development over time, including growth rates and stem form. A

journal paper is in preparation:

e Bergin, D.O. (in prep): Development of naturally regenerating
stands of Podocarpus totara D.Don on pastoral hill country,
Northland, New Zealand. New Zealand Journal of Botany.

Both chapters 7 and 8 describe the performance of planted stands

of totara. Chapter 7 discusses the early performance of a selection

of establishment trials and general plantings. These have included
totara and the other major indigenous conifer tree species. The
plantings were established up to 50 years ago throughout New

Zealand, covering a wide variety of sites. They provide insights

into the ecological characteristics of totara compared with the other

conifers. Two papers related to this chapter have been written:

e Bergin, D.O. (in prep): Early performance of planted totara
(Podocarpus totara D.Don) — a comparison with other
indigenous conifer tree species. New Zealand Journal of

Forestry Science.
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Chapter 8

Chapter 9

Chapter 10

* Beveridge, A.E.; Bergin, D.O. 2000: The role of planting native
trees in the management of disturbed forest. In Silvester, W.;
McGowan, R. (eds.) Native trees for the future. Potential,
problems, possibilities. Proceedings of a forum held at The
University of Waikato, Hamilton, 8-10 October 1999. 51-60.

The growth performance of selected plantations of totara that range

in age from 10 years to nearly 100 years is investigated. These

stands indicate the potential growth rates of planted totara, and

have been used to develop a preliminary growth and yield model. A

journal paper has been written:

e Bergin, D.O.; Kimberley, M.O. (reviewed): A preliminary
growth and yield model for totara (Podocarpus totara D.Don)
based on planted stands. New Zealand Journal of Forestry
Science.

Branching and stem form characteristics for both naturally

regenerated stands and plantations of totara are described and

quantified with a preliminary investigation of wood quality. A

journal paper has been prepared:

e Bergin, D.O.; Bathgate, J. (in prep): Stem form and branching
characteristics in natural and planted stands of totara
(Podocarpus totara D.Don). New Zealand Journal of Forestry
Science.

Finally, Chapter 10 discusses conclusions drawn from these studies

of the growth of planted and naturally regenerating stands. This

leads to a descriptive model of the development and growth of
totara where wood production is the major objective. Some
management considerations of totara are discussed and potential
management regimes are offered. Suggestions for future research
from both an ecological and management perspective are given.

Publications relating to this chapter include:

e Bergin, D.O. 2000: Growth and management of planted and
regenerating stands of totara (Podocarpus totara D.Don). In

Silvester, W.; McGowan, R. (eds.) Native trees for the future.
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Potential, problems, possibilities. Proceedings of a forum held
at The University of Waikato, Hamilton, 8-10 October 1999.
28-36.

e Bergin, D.O.; Bathgate, J.B. 2000: Managing planted and

regenerating stands of totara on farmland. New Zealand Tree

Grower, August 2000. 11-12.

Nomenclature follows Allan (1961), Connor and Edgar (1987), Moore and Edgar
(1970), Healy and Edgar (1980), Webb et al. (1988), Edgar and Conner (2000),
Brownsey and Smith-Dodsmith (1989) and Chamber and Farrant (1998).
Abbreviations and conventions used, and definitions are given in Appendix 1.1.
Alphanumeric codes used for each plot established in planted and natural stands,
with a brief description of plot location and land tenure, are listed in

Appendix 1.2.
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CHAPTER 2

CURRENT KNOWLEDGE RELEVANT TO
MANAGEMENT OF TOTARA
FOR TIMBER

2.1 INTRODUCTION

There is good potential for management of totara as a special purpose timber
species because of its extensive use in the past by both Maori and European
settlers, high cultural value, and an ability to grow in many regions on a range of
sites with good growth rates. Totara was the most commonly planted indigenous
species a century ago (Department of Lands 1909) and a small number of stands,
some of which date back to the turn of last century, indicate its potential for
growing in plantations (Pardy et al.1992). It is often found growing as bushy,
multi-stemmed, open-grown young trees on farmland as well as in single- or
mixed-species stands, with good form where stem density is high. It has proven
wood quality, including natural durability of heartwood. However, there is a lack
of quantitative information on growth, productivity and wood properties either in
plantations or in managed natural second-growth stands. This chapter reviews
previous work on the ecology and silviculture of totara that is relevant to
management of the species in plantations or in naturally regenerating stands on

previously cleared sites.
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2.2 CHARACTERISTICS OF TOTARA

2.2.1 Taxonomy

Totara is a member of the Podocarpaceae, one of five families within the order
Coniferales. The other four families within the Coniferales are Araucariaceae,
Cupressaceae, Pinaceae and Taxodiaceae. Of these, Podocarpaceae and
Araucariaceae are found mostly in the Southern Hemisphere although some

podocarps are found as far north as Japan and the Himalayas (Enright et al. 1995).

In the Southern Hemisphere, there are some 124 species representing 18 genera
within the Podocarpaceae, with 53 species found only in the Southern Hemisphere
(Enright et al. 1995). The geographical distribution of the podocarps includes
Africa, South America, various Pacific islands, New Zealand, Australia, New
Guinea, Phillipines, parts of Indonesia and southern taxa species in parts of
mainland South East Asia. For many taxa, ecological studies are largely non-
existent including most of the Podocarpaceae of south-east Asia and tropical
South America. In contrast to the dominance of cone bearing plants of most
conifers in the Northern Hemisphere, the female ‘cone’ in many Southern
Hemisphere species is reduced to one or a few scales bearing a single ovule and is
a feature of the Podocarpaceae including the podocarp species in New Zealand.
The seeds are either borne on an often fleshy receptacle such as with totara, or

enclosed in a fleshy fruit or drupe and thus the seed is adapted to bird dispersal.

In New Zealand, the Podocarpaceae is represented by eight genera and 17 species,
and probably all the species are endemic (Ogden and Stewart 1995). These
include Dacrycarpus (one species), Dacrydium (one species), Halocarpus (three
species), Lagarostrobus (one species), Lepidothamnus (two species), Podocarpus
(four species) and Prumnopitys (two species) (Dawson 2000) as well as
Phyllocladus (three species). Members of the Podocarpaceae family are found

from sea-level to subalpine shrublands throughout New Zealand.
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2.2.2 Related species and hybridisation

Totara is one of four closely related Podocarpus species. The other three are:

e Podocarpus hallii Kirk (Hall’s totara), a tree commonly 20 m high but
sometimes up to 30 m, and up to 2 m diameter, with thin, often papery bark. It
occurs throughout the country usually, but not always, at higher altitudes than
totara. It occurs on a wide range of soil types, and tolerates colder and wetter
sites than totara. Seedlings and saplings are much more shade tolerant than
totara.

e Podocarpus nivalis Hook. (snow totara), a prostrate shrub with wide-
spreading branches up to 3 m tall which grows at upper forest margins and in
subalpine scrub.

e Podocarpus acutifolius Kirk, a dwarf, needle-leaved shrub or small tree up to

9 m high which occurs on stony alluvium in north Westland.

Species of Podocarpus hybridise freely in the wild, resulting in a range of leaf and
habit forms which are determined by their predominant parentage (Webby et al.
1987). A distinctive variety (P. totara var. waihoensis), which is an introgressed
hybrid of totara and P. acutifolius, occurs in lowland Westland (Wardle 1972).
Totara also hybridises with Hall’s totara. A high degree of hybridisation was
described by Bergin and Kimberley (1992) where these two species occur in
Pureora Forest, central North Island at 500-550 m a.s.l., near the upper altitudinal
limit of totara (Figure 2.1). At such a site, a mixture of bark types has been
observed on the same tree with stringy bark characteristic of totara on one side of
a trunk and papery bark characteristic of Hall’s totara on the other (A.E.
Beveridge pers. comm.). In regions where both totara and Hall’s totara are
present, there can be some crossing between the two species, even at low
altitudes. Difficulties in distinguishing between the two species has also been
observed in the South Island (e.g., Banks Peninsula and near Invercargill) where
many trees may be hybrids (D.A. Norton pers. comm.). Thus, it is likely that
hybrids between the two species occur in some extensive areas of naturally
established second-growth stands on farmland which have the potential for

management for timber.
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Figure 2.1: Hybridisation between totara and Hall’s totara at Pureora Forest,
central North Island. Ovoid shaped seed of totara is on left and the
narrow-ovoid, pointed seed of Hall’s totara on right with seed of hybrids in
between. Seed in upper row are attached to the succulent receptacle which
ranges in colour from yellow and orange to red.

2.2.3 Tree dimensions and longevity

Totara is able to survive as a canopy or emergent tree for many centuries. In
general, totara is a tree up to 30 m high with a trunk up to 2 m in diameter with
thick, stringy, furrowed bark on older specimens (Allan 1961). Burstall and Sale
(1984) described three totara and one Hall’s totara in their list of 100 “great trees”
of New Zealand; the largest is the Pouakani totara in Pureora Forest, south
Waikato, with a diameter of 3.6 m and a height of 39 m, and they suggest that, if
the trunk were sound, it would contain 77 m’ of timber. Another totara, also in
Pureora Forest, has a similar diameter but is shorter at 27 m, while the third listed
totara is located at A’Deanes Bush, Hawke’s Bay, at 2.6 m diameter and 34 m
high. The Hall’s totara is in Dean Forest, Southland. It has a diameter of 2.6 m but

has had its top blown out. Because of the brittle nature of the crown and inevitable
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breakage of branches and stems in storms, it is likely that the original heights of

many giant totara trees will have been reduced.

Large old totara are usually hollow, making age estimation difficult but larger
specimens of totara could be 1000 years old or more. Ancient totara in the
Whirinaki Forest, central North Island, have been estimated to be over 800-years-
old (Ebbett 1992). Enright and Ogden (1995) indicate typical longevity is 600

years for totara.

2.2.4 Seedling and sapling morphology

The seedlings of totara bear two, occasionally three, relatively long-lived, curved
cotyledons 15 mm long and 2 mm wide (Philipson and Molloy 1990). These can
be retained on seedlings for up to four years (A. E. Beveridge pers. comm.). The
leaves are flat, linear, and sharply pointed, 24-40 mm long x 2-2.5 mm wide. They
are arranged on the stem in a spiral, except for the first two leaves which are
opposite and at right angles to the cotyledons. Dormant buds eventually terminate
the growth of the stem and also occur in the axils of some of the leaves in no
apparent regular pattern. A few of these buds grow out during the first growing

season to produce more or less horizontal lateral branches.

Terminal resting buds on the main stem or on lateral branches can resume growth -
up to four times in a growing season depending on conditions, leaving a circle of
bud scales at the base of each flush. The facility for some shoots to produce a
second flush of growth in the same season is maintained to the adult stage
(Philipson and Molloy 1990). Flushing of totara of all ages from seedlings grown
in the nursery to poles and semi-mature trees on farmland has been observed from
spring to autumn. In the nursery, up to four flushes are possible for vigorous
seedlings but there are usually only up to two flushes for natural seedlings (A.E.
Beveridge pers. comm.). Considerable phenotypic variation, particularly in habit
of branching and stem form, was observed in the 1970s and early 1980s in tens of
thousands of totara seedlings raised in the Forest Research Institute Nursery for
planting in selectively logged forest in the central North Island (Bergin and
Kimberley 1992).
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2.2.5 Foliage and form at later stages
Seedlings develop into laxly-branched saplings without any abrupt change in
foliage or habit. At semi-mature and mature stages, trees have broader, shorter

leaves 10-30 mm long x 1-4 mm wide and are more or less in two opposite rows.

With adequate side shade, or in gaps, totara seedlings and saplings can maintain
generally straight stems, with mostly a single leader. In semi-mature and mature
trees, the main leader often becomes eclipsed by the strong growth of laterals,
producing the more rounded crown of the mature tree. In open growing
conditions, larger seedlings and saplings can be multi-stemmed with several
branches competing as leader. At wide spacing in plantations and in open
conditions, trees become multi-leadered and heavily branched and form large
rounded crowns that are characteristic of second-growth totara on farmland
(Bergin and Pardy 1987). In northern parts of its range, totara within the forest
grows tall with narrow light crowns whereas in southern localities, the trees are
usually shorter with large boles, basal buttresses, and more heavily branched
crowns (Philipson and Molloy 1990). The stems of mature large trees have been
observed to produce epicormic shoots up to 2 m long at Whirinaki Forest,

particularly where the crown has died back (A.E. Beveridge pers. comm.).

2.2.6 Phenology and seeding

Totara is dioecious. Best (1942, P.5), in his book Forest Lore of the Maori,
describes how the Tuhoe term the male trees of totara as ‘karaka’ and the female
trees as ‘kotukutuku’. On male trees, 10-15 mm long, yellow-green catkins occur
in abundance on short branchlets over crowns in spring and release pollen from
mid to late spring depending on locality (McEwen 1982). On female trees,
glaucous ovules are borne on short stout stalks in October-November near the
base of new shoot growth. Ovules are fertilised 2-3 months after pollination and
the fruit ripens in autumn. The 3-5 mm long ovoid, green, nut-like seeds are
seated on red, orange, or occasionally yellow, swollen and succulent receptacles
on tips of modified branchlets. Receptacles usually bear one ovule but sometimes
two. Seeding usually occurs from March to April with fallen seed turning brown
within a few weeks but remaining viable for some time. Compared with the other

tall podocarp tree species, totara produces reasonable quantities of seed in most
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years although large old trees can have poor seed crops. Planning for large-scale
planting programmes using totara is relatively easy as locally-sourced seed can
usually be collected in most years for the raising of seedlings. Fallen seed can be
recovered from beneath female trees up until late winter and successfully
germinated (Bergin and Kimberley 1992). Method of seed collection varies
depending on the size of seed trees and quantities of seed required. Where seed is
sought from large trees, sheets of hessian or similar material can be laid beneath
seeding trees on the ground or suspended on poles to catch falling seed during the
autumn. Seed can be collected by hand from lower branches of smaller trees.
Once seedfall has ceased in late autumn or winter, seed, which by this time has
turned brown and lost receptacles, can be picked up from the ground around the
base of female trees. Although large quantities of seed can be found at the base of
seeding female trees, it is also widely distributed by a range of both native and

exotic bird species in flight or from perches.

2.2.7 Root structure

Totara root systems are irregular and variable, even within one soil type (Hinds
and Reid 1957). They comprise a framework of large surface or subsurface
laterals, often extending well beyond the crown spread, with obliquely-descending

peg roots and nodulated-like feeding roots in humus near the surface.

Root systems of bare-rooted seedlings are vigorous and distinctly golden in colour
when fresh, with abundant nodules on lateral roots and occasionally on main roots
(Herbert 1976). The nodules, which in fact are modified extensions of the lateral
roots specific to Podocarpaceae, may be infected with phycomycetous mycelia
(Baylis et al. 1963). There has been extensive research on the significance of these
nodule-like roots. Bond (1967) showed that an endophytic fungus was necessary
for growth of totara in poor soils deficient in available phosphorus and calcium.
McSweeney (1982) considered that the evidence for extensive nodules on totara

root systems fixing nitrogen is inconclusive.

Foweraker (1929) highlighted the ability of totara to produce a new root system
after inundation with river silt. McSweeney (1982) recorded from a survey of

matai/totara flood plain forests in South Westland that both matai and totara can
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produce new root systems from their trunks after silt is deposited around them,
and this was also confirmed by observations of local farmers. The new root
systems appear higher up the erect inundated boles. McSweeney (1982) also
observed that new root systems could be produced high up horizontally lying
trunks uprooted by windthrow and that some trees carried long distances down
rivers had developed new root systems and were growing. Campbell (1984) also
reports growth of roots from trunks of trees in the Orongorongo Valley,
Wellington, where bases of mature totara buried by over 3 m of alluvium spread
by streams have produced another root system near the surface of the gravel. This
capability of producing new root systems high up stems indicates that the species

should be easy to raise from cuttings (L. Gea pers. comm.).
2.3 DISTRIBUTION

Totara occurs discontinuously in most regions of the country in lowland and lower
montane forest (Allan 1961). It is most abundant in the central North Island and
discontinuous in the South Island. While Allan (1961) indicates totara is present
on Stewart Island, Wilson (1982) considers only Hall’s totara occurs on the island,
although some have thicker bark and resemble totara. The National Forest Survey
estimated the national resource of totara timber in 1955 by land tenure and
indicated that it was a significant component of forests in all regions in the North

Island and most regions in the South Island (Masters et al. 1957).

Totara occurs from sea level to about 600 m in the North Island and up to 500 m
in the South Island (Bergin and Kimberley 1992). It was often found with matai
on well-drained flood plains where both species were widespread before European
settlement, as well as on deeper pumice deposits in the central North Island
(McSweeney 1982). With fertile soils highly suited to agriculture, most of the

flood plain forests have been cleared.

Simpson (1988) suggested that totara has great ecological vigour as it regenerates
widely, is adapted to a range of climates and sites, is relatively resistant to grazing
and is found in many forest types throughout the country. However, this resource

has largely disappeared from most areas and Simpson (1988) outlined the loss of
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totara that has occurred during both Maori and non-Maori settlement. During
Maori occupation, totara stands declined because it was felled for various
purposes and was also inadvertently destroyed by forest fires. Since European
arrival, land where totara was dominant was favoured for farming, which resulted

in forest removal and utilisation of timber for construction and fencing.

Today, remnants of totara that occur in old-growth forests in the central North
Island are in conservation areas protected from harvesting (e.g., remnants in
Whirinaki Forest and Pureora Forest). It also occurs in pockets of forest on flood
plains (e.g., Te Maire Scenic Reserve) and remnants on slopes (e.g., A.H. Reed
Memorial Reserve, Whangarei). Totara growing on private land and available for
management for timber production under the current Forest Act amended in 1993
(Newton 2000) occurs in a wide range of forest types. These include regeneration
in almost pure stands of totara and Hall’s totara in some regions, particularly
Northland and Westland. Both totara and Hall’s totara also occur in admixture
with rimu, miro, and occasionally kahikatea and matai throughout both the North
and South Islands, including Taranaki, Wanganui, Westland and Southland (A.

Griffiths pers. comm.).

In many farming districts throughout the country, there is a considerable resource
in second-growth totara-dominated stands which are often prominent features of
the rural landscape. Such stands occur as established groves or small stands of
semi-mature trees on hill country, and on flat lowland as forest along riparian
strips. Most second-growth stands range in age from 50-120 years and are the
result of land clearing over that time and subsequent regeneration in grass or
manuka (Leptospermum scoparium)-dominated scrub. Seedling regeneration
occurs along fencelines and in hedgerows. Regeneration in grass on steep hill
slopes can develop into small stands of saplings and poles within 20 years on

some sites if they are not grazed heavily or cleared regularly by landowners.

Duguid’s (1990) account of the botany of the Horowhenua region, North Island,
which includes totara in a range of forest types, is likely to describe the situation
in many other regions, particularly in the North Island. Duguid described the

composition of the original vegetation cover, its destruction during human
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settlement and the remnant vegetation patterns. In this region, totara grew on
coastal sand country, plains, and foothills of the Tararua Range, but was
particularly abundant on alluvial gravel terraces on the plains and foothills.
Although early Maori occupation would have resulted in some clearance,
particularly of the sandy coastal strip, sawmilling began in the 1840s and logging
for a wide range of timber use followed by land clearance was “actively and
ruthlessly pursued” through the 1880s and 1890s (Duguid 1990). However, in
some of these areas totara has regenerated freely after logging and is still well
represented in remnants on the plain and foothills, but it has almost disappeared
from the dune belt (Duguid and Druce 1966). In contrast, Hall’s totara only occurs

in the Tararua Ranges where it is still common in intact forest.
24 CULTURAL VALUES AND TIMBER USE

2.4.1 Maori values and use

Totara timber was appreciated very quickly by early Maori settlers for its
suitability in construction and carving, as shown by its use in the oldest house yet
found from the 12" century at Moikau, Palliser Bay (Davidson 1987). This and
other rectangular houses were constructed of small, shaped totara posts; later
examples of larger houses also used totara extensively. Best (1942) discussed both
the spiritual significance and practical use of totara for the Maori. He described
the “special mythical origin assigned to it” and totara’s status “as the principal
member of the company of superior or lordly trees (rakau rangatira)”. As a wood,
totara is unexcelled not only through its mana (status) but also through its physical
properties, including ease of working with stone tools, light weight and durability.
Best (1942 p. 107) described how “by means of small hardwood wedges the great
totara is split into smaller pieces”. Thus, it was used extensively for construction
of buildings (especially house posts), for decorative carvings and, most

significantly, for construction of the ocean-going war canoe, waka taua.

Maori used the bark of totara for roof thatching by using long strips of the semi-
detached outer bark that could be readily obtained from mature trees without
killing or injuring the tree (Best 1916). The thick fibrous bark also played an

important role in the construction of the fortified pa (village), including the outer
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defences as well as the buildings within (Clifton 1990). When trees were felled for
house-building or construction of canoes, the inner bark was used for making
patua (vessels for carrying and storing food) (Best 1942). Simpson (1988) also
indicated that the bark was used as splints in pohatiti (kelp bags used for storage
and transport of muttonbirds). Simpson (1988) also noted that with the resurgence
of interest in carving there is now an increasing demand for totara at a time when

supplies are scarce.

2.4.2 European use

Since the arrival of European settlers (early 18" century), totara has been an
important timber species because of its outstanding features of durability,
evenness of texture, ease of working and lightness of heartwood timber from old-
growth stands (Hinds and Reid 1957). Consequently, it was widely used for
exterior joinery as well as for fence posts and battens, buildings, bridges, railway
sleepers and shingles (Duguid 1990). Garratt (1924) recorded that the wood was
much in demand for house, bridge and wharf construction, poles, railroad-ties,

paving blocks, cooperage and wood-pipe staves.

Totara heartwood is amenable to all types of machining, including joints, and
finishes off very smoothly; it was considered superior in many uses to kauri. The
timber is excellent for carving and can be used for joinery and furniture, finishing

well with a coating of oil or wax (Dermott 1985).

Sapwood is moderately resistant to pressure treatment with copper-chrome-
arsenical (CCA) preservatives (Clifton 1990). Heartwood is resistant to chemical
preservation and is unnecessary as the natural durability of the wood makes it
suitable for all uses except extreme hazard situations. Principal uses for high grade
heartwood were sashes and doors, tanks, vats, boat sheathing and building (Hinds
and Reid 1957). Lower grades were used for large quantities of fence posts and
battens, survey pegs, transmission poles and house piles. Sapwood of totara is
durable in exterior woodwork of buildings and is not susceptible to attack by the
borer Anobium. In recent years, where small supplies were obtainable, totara has

been made into a range of hand-crafted products such as boxes, bowls and platters
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supporting a local craft industry in many regions. Recycled posts and battens have

also been made into a range of products, including outdoor furniture.
2.5 SITE PREFERENCES

Totara is found on a wide range of soils with the best stands on well-drained
lowland alluviums (Esler 1978) and on some pumice soils of the central North
Island. Totara is more tolerant of dry soils and seasonal drought than other
podocarps, but it is intolerant of poorly drained soils (Hinds and Reid 1957).
Simpson (1988) confirmed the wide site tolerances of totara, indicating that it
once grew throughout the country on coastal sand dunes, swamp margins, alluvial
valleys and plains, volcanic areas and hill slopes. Totara is often the most
common indigenous tree that regenerates naturally on farmland after clearance in
many regions of the North Island where it occurs as single trees or in second-
growth stands on hilly country, and sometimes in mixture with kahikatea along
riparian areas and on river flats. Evidence that seed is dispersed widely by birds
can be seen where seedlings are often found growing along fencelines having
germinated from seed dropped or defecated by perching birds. Seed is also

dispersed in flight by tui and starlings (A.E. Beveridge pers. comm.).
2.6 REGENERATION STRATEGIES

2.6.1 Seed dispersal and destruction

The bulk of the totara seed crop ripens from mid March to May in central North
Island (Beveridge 1964). The ripe, nut-like seed is green in colour while still on
the tree, and although the seed coat turns brown after seedfall, it is still viable.
Planted totara bear seed after 20 years on upland sites in the central North Island
(A.E. Beveridge pers. comm.). Beveridge (1973) studied periodicity and
abundance of seed crops in podocarps at Pureora Forest and found that totara
produced light but consistent seed crops over several years in areas with few or no
brushtail possums (Trichosurus vulpecula). He also found that occasionally trees

produced empty seed even if borne on ripe, fleshy receptacles.
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In an intensive seed study of podocarps over several years in central North Island
forests, Beveridge (1964) found that the most active dispersers of podocarp seed,
including totara, are kereru (Hemiphaga novaeseelandiae), tui (Prosthemadera
novaeseelandiae), and bellbirds (Anthornis melanura). These birds swallow both
fleshy receptacles and seed of podocarps but digest only the pulp and the seeds
pass intact through the digestive tract. Beveridge also found that the only bird
observed destroying totara seed was the yellow-crowned parakeet (Cyanoramphus
auriceps). However, his experiments showed that totara seed, unlike the other
major podocarp species, was not eaten by rats (Rattus rattus), although receptacles
were quickly consumed. Burrows (1994) also observed keruru and bellbird

feeding on fruit of totara in Banks Peninsula.

Beveridge (1964) concluded that seed of most podocarp species is distributed
beyond 40 m primarily by birds and also possibly water. He suggested that bird
dispersal is vital for the regeneration of podocarps in areas of scrub where there
are no seeding trees. In a study of the regeneration of podocarps on Mount
Tarawera, Rotorua, Burke (1974) found that totara seeds had dispersed up to 4.8
km from the nearest surviving trees and concluded that bird dispersal was

responsible.

2.6.2 Regeneration

2.6.2.1 Podocarp regeneration studies

There are numerous descriptive studies of natural regeneration of the podocarps in
high forest and scrubland as well as theories attempting to explain regeneration
patterns. A feature in many New Zealand conifer-hardwood forests is a scarcity of
conifer seedlings, saplings, and poles, and a predominance of mature trees. This
has been reported for several indigenous conifer trees including totara and is often
referred to as the podocarp “regeneration gap” (Holloway 1954; Wardle 1963).
They suggested that dense podocarp stands are relicts surviving from the past
when climatic conditions were more favourable for establishment of seedlings.
However, Ogden (1985) listed several independent studies emphasising that all-
aged populations should not be expected in stands which have not been disturbed
recently. Rather than the “climax” model which assumes continuous regeneration,

he suggested a “mosaic regeneration” model as more appropriate where
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regeneration occurs in disturbed areas on a localised scale rather than on a

regional scale as would be expected with past climatic changes.

McSweeney (1982) suggested that totara is more a true forest pioneer than matai.
In a survey of the matai/totara flood plain forests of South Westland, he concluded
that there was strong evidence of totara’s inability to regenerate beneath a closed
canopy or even in small canopy gaps. Totara regeneration is most vigorous in
large windthrow gaps, forest margins, and open scrub and grassland, whereas

matai can regenerate beneath a continuous forest canopy.

Along many previously disturbed forest edges and scrub ecotones in Pureora
Forest, central North Island, there is often regeneration of totara. Leathwick
(1987) found that young rimu, matai and totara are common in scrub communities
on gently rolling country adjacent to mires and bordering high forest in the
Waipapa Ecological Area, Pureora Forest. Totara regeneration often occurs in
manuka-, kanuka- (Kunzea ericoides), or kamahi- (Weinmannia racemosa)
dominant scrub, particularly where natural canopy gaps occur or when the nurse

species dies back (A.E. Beveridge pers. comm.).

Most totara seed germinates in the late spring and summer after seedfall
(Beveridge 1964). Although podocarps germinate readily on a wide range of
forest sites, many places are unsuitable for further growth such as dense leaf litter
from tree ferns and broadleaved species, and in dense shade from ground
vegetation (Beveridge 1973). In a summer survey of regeneration in Whirinaki
Forest in recently selectively logged and unlogged dense podocarp forest, Smale
et al. (1985) found over 20,000 mostly cotyledonary seedlings ha! of rimu, matai,
kahikatea, miro and totara on the forest floor. A lack of advanced regeneration

indicated that most seedlings were ephemeral.

Beveridge (1973) described in detail the conditions under which podocarps
regenerate in Pureora Forest. He found that podocarp regeneration is scarce under
dense-canopied forest but occurs more frequently beneath a gradually opening
canopy of large broadleaved trees and in fire-induced scrub. Cyclic regeneration

can be seen in scattered podocarp forest where tree ferns invade or increase in
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gaps created by large windfallen, overmature podocarps. Then epiphytic
hardwoods, particularly kamahi in the relatively wet climate of Pureora Forest,
develop on tree ferns or fallen logs which leads to eventual suppression and death
of the tree ferns as the hardwood trees develop to a large size. These are favoured
by birds for perching in, particularly kereru, which deposit seed from which
podocarp seedlings regenerate. The next generation of podocarps then develops as
the kamahi crowns thin and die. Beveridge (1973) also found regeneration of
podocarps in old cutover forest and along logging tracks after controlled selective
logging of virgin forest with few remaining large pioneer totara with many

seedlings eventually developing without tending.

2.6.2.2 Comparison between conifers and angiosperms

In a study of the relationship between seedlings and saplings of four podocarp
species in a coastal forest fragment in Westland, Norton (1991) supported earlier
suggestions (Cameron 1954; Beveridge 1964; Herbert 1986) that large
angiosperm canopy trees play an important role in the regeneration of podocarp
tree species. Norton (1991) detailed a number of factors that may be involved in
an abundance of totara and other podocarp seedlings and saplings under large
hardwood trees, particularly kamahi, and a relative paucity of podocarp
regeneration under totara and rimu canopy trees. These include the role of birds
perching in large, branched kamahi depositing seed on the ground (McEwen
1978), and the greater irradiance levels on the forest floor beneath large
angiosperm trees compared with podocarp canopies, which may facilitate the

regeneration of the podocarps (Cameron 1954).

Conifers are generally slower growing and achieve greater final sizes and
longevities than associated angiosperms (Ogden and Stewart 1995) described by
Bond (1989) as a contest between the slow (conifer) tortoise and the fast
(angiosperm) hare. Ogden and Stewart (1995) argue that the mixed conifer-
angiosperm forests are two components that occupy different strata and regenerate
in response to canopy disturbances of different scales. Veblen (1992) described
three types of regeneration pattern according the scale and severity of natural
forest disturbance and Burns (2000) has discussed these regeneration modes in

relation to a selection of New Zealand conifer and angiosperm tree species:
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¢ ‘Catastrophic regeneration’ — occurs after some stand-destroying event such as
fire, flood, windstorm or avalanche that has created a large gap up to 1 ha in
size in which seedlings of shade-intolerant species but tolerant of exposed
conditions regenerate such as totara, kahikatea and to some extent kauri.

e ‘Gap phase’ — found where regeneration occurs in small to intermediate sized
gaps caused by the death of one or a small group of trees such as rimu, puriri
(Vitex lucens) and mangaeo (Litsea calicaris) that are of intermediate shade
tolerance but where seedlings may need to persist for long periods in shade
under a canopy.

e ‘Continuous’ — occurs where seedlings that are shade tolerant and grow to
maturity without an opening in the canopy such as the relatively slow growing

tawa (Beilschmiedia tawa).

2.6.3 Allelopathic effects

Other authors have suggested that the lack of regeneration of podocarps under
mature trees of the same species may be due to factors associated with soil
conditions. Burke (1974) found that seedlings of Hall’s totara survived better
some distance away from the parent tree and suggested that the parent may have a
harmful influence on the survival of its progeny. Molloy et al. (1978) found that
water-soluble extracts of fresh green leaves of kahikatea, totara, and matai had a
toxic effect when applied to first-year and older kahikatea seedlings. The
allelopathic effect of the podocarps is supported by Perry et al. (1995) who found
that undiluted ethanol extracts from foliage of podocarps including totara
inhibited both germination and hypocotyl elongation of lettuce (Lactuca sativa).
Perry et al. (1995) concluded a great deal of experimentation, including
identification of active compounds in extracts from podocarps and their
quantification and significance to regeneration in the forest environment, is still

required.
2.7 GROWTH RATES AND FORM

2.7.1 Seedling growth
Beveridge (1962) recorded up to 30 cm height growth in one year for totara

seedlings transplanted from the forest into potting mix at a nursery adjacent to tall
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podocarps in Pureora Forest. Addition of fertiliser significantly improved height
growth compared with unfertilised seedlings both in nursery beds and in
containers. Wildings approximately 10 cm high could be raised on this upland site
to a planting height of 50 cm in 12 months in a plastic house where there was

shelter from wind and frost.

Totara seedlings can be grown in a nursery from seed to a planting height of
50-70 cm within three years of sowing on cool upland sites (Beveridge et al.
1985). Considerably faster growth rates can be achieved in nurseries in warmer
lowland locations; seedlings have grown up to 70 cm within two years of seed

sowing (M. Dean pers. comm.).

2.7.2 Planted stands

Podocarps are slow starters after planting out. On cool upland sites, annual height
growth of totara has accelerated after the second year averaging 20 cm on a range
of microsites. Tall seedlings (60-80 cm) planted on good sites have reached 2 m in

height within five years with survival exceeding 90% (Beveridge et al. 1985).

In a nation-wide survey of indigenous trees planted mainly on fertile lowland sites
(Pardy et al. 1992), over a dozen stands and shelterbelts planted with totara
ranging in age from 20 to 80 years were assessed. Predicted mean annual height
increment for totara based on height/age regression curves was 38 cm at age 20
years with the rate slowly reducing to 32 cm at age 40 years and 24 cm at age 80
years. Average height of totara was estimated at 10, 16, and 18 m at ages 25, 50,
and 75 years respectively. The predicted annual diameter growth (at 1.4 m above
ground level) over all ages was 8 mm, with estimated diameters of 19, 36, and 55
cm at ages 25, 50 and 75 years, respectively. On individual sites, increments
varied by 20% or more, depending on site and silvicultural factors. However,
volume production per ha could not be estimated reliably because of the small size

and variable species composition of many of the stands surveyed.

2.7.3 Natural stands
Stem analysis of conifer poles regenerating in a scrub ecotone resulting from fire

in West Taupo forests showed extremely slow growth rates. All podocarp species
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took 50-100 years to reach 15 cm diameter on these cool upland sites where there
would have been strong competition mostly from kamahi (Beveridge 1973). This
compares with 20-25 years in planted stands on a range of fertile lowland sites
(Pardy et al. 1992).

Cameron (1959) evaluated the growth rate of indigenous conifers in North
Auckland by measuring the width of growth rings. Depending on the forest type,
diameter at breast height over bark for totara ranged from 9 to 12 cm at age 50,
18-25 cm at age 100 years, 35-53 cm at age 200 years, and 58-80 cm at age 300
years. Similar growth rates were reported for 54 totara in South Westland
measured by McSweeney (1982) using ring counts from discs taken from
windthrown or logged trees. McSweeney (1982) found a strong linear relationship
between diameter and age (annual growth rings) for totara from trees aged from

less than 50 years to nearly 400 years.

Relatively slow growth rates have been recorded in other studies on upland sites.
Katz (1980) found that totara averaged 5 mm diameter growth and 20-25 cm
height growth per year in a rimu-dominated 80-year-old pole stand that had
regenerated under scrub on former Maori-cleared sites in the Whirinaki River
valley, central North Island. Total basal area at 1.4 m above ground in an

unthinned plot was 71 m? ha'.

2.7.4 Stem form
Totara in high forest often forms a tall straight bole with no branching at lower
levels. In contrast, isolated totara on farmland or trees planted in shelterbelts

invariably form large-crowned trees with large live branches to near ground level.

Pardy et al. (1992) found that height and tree form were greatly influenced by
stand density. In a survey of planted indigenous tree species they found that a
dense totara stand in Northland, planted at 1.2-1.5 m spacing, had excellent stem
form with a high proportion of interior trees having clear boles of 5-10 m and
small, lightly branched crowns. Conversely, 50-year-old totara planted 4-6 m
apart at Cornwall Park, Auckland, had short large-diameter stems with multiple

leaders and large persistent branching to near ground level.
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2.8 INJURIOUS AGENCIES

Of the podocarp species, totara is the most susceptible to injury by unseasonal
frost on young shoot growth and to defoliation by insects. There was a high
incidence of insect attack by defoliating caterpillars on seedlings raised in a
nursery at Pureora with severe damage to new foliage (Beveridge 1962). Most
severe damage was caused by tortricids destroying the terminal bud of small
seedlings which gave rise to production of long horizontal side shoots or multiple
leaders. Geometrids appeared to do less damage to the form of seedlings where
the leaves were usually eaten but not the buds. Phasmids, often abundant in
crowns of mature podocarps, can also damage totara seedlings significantly. Some
unthrifty totara seedlings were also attacked in the Pureora nursery by the smut
fungus Corynelia tropica, the reproductive bodies occurring as yellow patches on

leaves.

Seedlings and small saplings are frequently damaged by cicadas from bark lesions
caused in egg laying and unidentified leaf miners and stem-boring insects. Light
browsing of seedlings and saplings by deer is frequently followed by heavy
infestation of Corynelia tropica, death of terminal shoots and severe malformation
(Hinds and Reid 1957). Similar infestations occur after frost damage (A.E.
Beveridge pers. comm.). Lloyd (1949) reported that totara seedlings and saplings
(and other podocarps) were severely damaged by cicada oviposition in both
branches and stems which sometimes led to breakage. He found widespread
cicada damage in situations where there was ample light and suggested that it
could be a serious silvicultural problem for successful regeneration of totara and
other podocarps, especially where the canopy is opened up by logging or
releasing. However, cicada damage is only a problem at the seedling and sapling

stages while bark is thin.

The native two-toothed longhorn beetle (Ambeodontus tristus) bores in dead
softwood and heartwood of a number of softwood species but is not as commonly
found in totara as it is in rimu and kahikatea (Hosking 1978). Hinds and Reid

(1957) reported that heart rot is found in old totara trees which are usually hollow.
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This honeycomb decay (sometimes referred to as kaikaka) only occurs in the

heartwood and is especially common in the central North Island.

In the central North Island, Beveridge (1973) found that seedling growth flushes
that had not hardened off were frequently damaged by both late and early frosts at
altitudes of 500-550 m above sea level. Such damage significantly affected annual

height increment in most years on these frost-prone sites.

Browsing of totara by possums has been observed and recorded often, particularly
on new flushes of totara. Autumn flushes in central North Island forests probably
form a significant early winter diet (A.E. Beveridge pers. comm.). Possums have
also been observed to reduce seed crops by ingesting seed with receptacles. In
enclosure trials, where planted podocarp seedlings were fenced to prevent
browsing, possums were found to eat the young shoots and bark of planted
seedlings (Forest Research Institute 1980a). In a major study of the diet of
possums in Orongoronga Valley near Wellington, Mason (1958) found that totara
foliage was eaten by possums and trees were sometimes severely damaged. She
also found that possums ate fruit and seeds of totara.

McSweeney (1982) found that totara does not appear to regenerate under grazing
pressure in South Westland. In the absence of grazing, totara regeneration is
sparse in dense forest but does occur along forest margins and in adjoining
scrubland. It is evident that totara can become established on farmland in many
regions throughout the country, especially where there is light grazing. It is,
therefore, not uncommon to find seedlings and saplings of totara regenerating in
grazed pasture where there is a nearby seed source. Most successful regeneration
occurs in relatively undisturbed areas such as along fencelines or on steep banks

where there is less trampling by stock (Bergin and Pardy 1987).
2.9 NUTRITIONAL AND PHYSIOLOGICAL ASPECTS
Significant growth responses to nutrition were demonstrated by Hawkins and

Sweet (1989a) for three podocarp species, rimu, kahikatea and totara. Totara
seedlings had the greatest dry weight after eight months of growth and showed the
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greatest response to increasing levels of nutrient compared with the other two

species.

In a further study of temperature response of several tree species, Hawkins and
Sweet (1989b) found that significant differences in growth occurred between five
temperature regimes examined. As with the other species tested, totara achieved
maximum growth at day temperatures of 22°C and at night temperatures of 22°C
or 27°C. Totara and the other conifers tested experienced maximum net

photosynthesis rates in one of the 27°C regimes.

Of five podocarp species grown in different levels of light intensity under shade
cloth and various canopy vegetation types, totara and kahikatea had the greatest
height growth response in the highest light levels (Ebbett and Ogden 1998). They
suggested that totara and kahikatea have the greatest ability to respond to elevated
light levels where large canopy openings in forest gaps have occurred as a result

of catastrophic disturbance.

When comparing the effect of a major drought on five stressed and five healthy
plants of several indigenous tree species in Canterbury, Innes and Kelly (1992)
found that drought-stressed totara produced shorter leaves during the year of the
drought. As the drought persisted, stressed totara shed many leaves, while
remaining leaves either became yellow-green or died. Most plants eventually died.
Of five species tested, Innes and Kelly (1992) found that totara grew in the
moister sites and had relatively high mean internal water potentials suggesting that

totara is a drought avoider rather than a drought tolerator.
2.10 PROVENANCE DIFFERENCES

In a study of seedling growth and form between provenances of totara from 42
sites throughout New Zealand, Bergin and Kimberley (1992) demonstrated that
some genetic differences exist in stem form, height growth and Ileaf
characteristics. In particular, provenances from southern latitudes (e.g., Dean
Forest, latitude 45°52") grew more slowly than those from further north (e.g.,

Otaki, latitude 38°07'). Provenance mean growth was positively correlated with
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mean summer temperature of the locality of seed source. Although stem form and
branch length varied between provenances, this was not related to any provenance
site variable. Bergin and Kimberley (1992) recommended that because
considerable provenance variation does exist within totara, large-scale planting for
ecological purposes should use seed of local origin. However, where the objective
is to establish plantations of totara for the long-term supply of specialty timber,
there is considerable scope for an in-depth breeding programme that would allow
selection of provenances with fast growth and good tree form. Also of interest is
the effect of introgression of Hall’s totara genes on growth and form of hybrid

totara.

In a separate study, Hawkins et al. (1991) found a strong positive correlation of
cold hardiness with altitude of seed source. They suggested that environmental
pressures for frost hardiness in totara have resulted in the evolution of populations

of totara adapted to current local climates.
2.11 WOOD CHARACTERISTICS

The heartwood of totara is an even pinkish brown and the sapwood whitish
brown. The wood is typically straight grained and therefore easily split. It has a
fine, even texture which cuts smoothly across the grain. Kiln drying is not
recommended as it dries slowly and unevenly (Hinds and Reid 1957). It is
normally air dried although this may take many months (e.g., 25 mm wide boards
require nine months). Once dry, heartwood is dimensionally very stable (Harris
1961). Totara is not a strong timber and the dry heartwood is relatively brittle; it is
therefore better suited as posts and piles rather than as beams (Clifton 1990).
Extractives in heartwood seriously retard drying of normal primer paint, otherwise
painting qualities are excellent. Before the development of water-based paints,
special primers that were low in oils to compensate for the natural extractives in

the wood were required for totara.

In a study of the natural durability of the heartwood of a range of New Zealand
grown timbers of both exotic and indigenous species, totara was listed as one of

only five species (three exotic and two indigenous) assigned as very durable. It
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has an expected service life in excess of 25 years when used in a ground-contact

situation (Forest Research Institute 1982).

Traditional supplies of totara have been from trees several hundred years old
logged from old-growth forests where the bulk of the stem comprised heartwood
surrounded by a narrow band of sapwood. In contrast, relatively fast growing
second-growth stands that are less than 100 years old have a high proportion of
sapwood (Bergin and Pardy 1987). Although heartwood does have superior wood
qualities for many traditional uses, the sapwood can be used for furniture and
joinery and can also be used for exterior woodwork as long as it is not in contact
with the ground. However, because of the reduced durability, lower density and
lighter colour of sapwood, the uses and, therefore the financial value of timber

from fast growing trees is likely to be reduced.

The economic viability of growing species such as totara in relatively short
rotations is likely to be low until an adequate proportion of heartwood has
developed. Numerous studies in several countries on a range of species indicate
that heartwood formation can be influenced by a range of factors, e.g., tree age
(Yang and Hazenberg 1991; Bhat et al. 1988), growth rates (Worbes 1988),
silvicultural manipulation (Margolis et al. 1988; Pazdrowski 1988), site factors
(Ahn et al. 1986) and provenance (Schultze-Dewitz and Gotze 1987, Purnell
1988; Magnussen and Keith 1990). However, there has been little research into

what influences heartwood formation in New Zealand species, including totara.

2.11.1 Growth rings

Many researchers have experienced difficulties in counting rings in totara. Hinds
and Reid (1957) state that growth rings are poorly defined with latewood having
slightly darker bands. In limited collections of cores taken from mature totara at
approximately breast height, Dunwiddie (1979) found severe problems with ring
wedging and lobate growth in both totara and Hall’s totara. Lloyd (1963) noted

apparently false rings in five specimens.

In a preliminary investigation of several New Zealand timber tree species, Bell

(1958) found the ring records difficult to read for totara, suggesting that there may
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be up to three rings in one year. He also found totara was prone to lack of
uniformity and circularity where perfectly normal rings on one side of a
cross-section would disappear completely part way round. Bell (1958)
recommended use of entire cross-sections for ring studies as cores from different
radii are likely to give different ring counts. Norton and Ogden (1987) found that
errors in age estimates are likely to be accentuated if based on increment cores
due to irregular or lobate diameter growth. Missing rings on single radii can be as

high as 10% of the total number of rings present.

McSweeny (1982) used basal discs from windthrown or logged trees in South
Westland for counting rings. He did not use increment cores because of the
difficulties with compressed ring sequences, as well as the possible risk of damage
to live trees. After drying and sanding discs of totara, McSweeney (1982) found

very distinct growth rings with no evidence of discontinuous or false rings.

Cameron (1959) acknowledged the possibilities of false rings having been
counted as annual rings and that more than one ring could have been produced in
one year when he undertook measurement of growth ring widths of totara and
other indigenous softwoods in North Auckland. In warmer regions, such as
Northland, it is not known what effect multiple flushes in one growing season
may have on growth rings compared with the effect of continuous growth on

growth ring development of trees in cooler wet climates.
2.12 SILVICULTURE

2.12.1 Seed collection

Seed with receptacles attached can be collected from lower branches of female
trees in autumn, or from the ground using fine mesh nets placed beneath seeding
trees in late autumn and early winter. There are no special requirements for
preparing seed for storage or sowing. Viable seed can be stored for 6-18 months in
moist cool conditions (Forest Research Institute 1980b). The seed is green when
ripe. Fallen seed turns brown over several weeks but still remains viable for
several months after seedfall. Receptacles may be attached to fallen seed but soon

shrivel away. Raking up of the upper layer of forest litter (duff) after seedfall in
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autumn in the vicinity of seeding totara trees and then spreading over seed-raising
boxes or beds has resulted in germination of totara seedlings (Herbert 1976). Seed
collected from throughout the country for a provenance study of totara (Bergin
and Kimberley 1992) was collected from mid autumn to late winter. The most
productive collections involved hand-picking fallen brown seed from beneath
female trees in early winter. Formed seed was checked during collection by
cutting seed in half. Sound seed was regarded as those containing a full white- or
cream-coloured endosperm. Shrivelled or empty seed was also present in many

collections.

2.12.2 Nursery practice

2.12.2.1 Seedlings

Germination of totara seed after a spring sowing is often irregular and sporadic,
even occurring several months to a year after sowing (Forest Research Institute
1980b). Hinds and Reid (1957) indicated that fallen totara seed in forest sites has a
long natural dormancy of 70-140 days during winter months before germination
occurs. Totara seed of 40 collections from throughout the country mostly
germinated 6-10 weeks after spring sowing with a second flush of germination

occurring about 4 months later (Bergin and Kimberley 1990).

Totara may be raised either as bare-root or container-grown seedlings. Tall
seedlings (50-80 cm) which can be produced in two years are preferred for

planting on difficult sites where vigorous weed growth is expected (Bergin and
Pardy 1987).

2.12.2.2 Cuttings

The reported ability of totara to produce new roots from parts of the tree trunk
covered by alluvium after flooding (e.g., Fowraker 1929; McSweeney 1982), and
that large trees can produce epicormic shoots from trunks exposed to increased
light when adjacent trees have been felled or windthrown (A.E. Beveridge pers.
comm.; own observation), provides some evidence that totara is amenable to
production from cuttings. Totara has been raised successfully from cuttings on a

small scale, readily forming roots even where live stem and leaf material was
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taken from very old trees (T. Faulds pers. comm.). This will be important in the

propagation of clones of trees with superior growth and form.

2.12.3 Planting

On upland sites, totara is best planted in late winter or early spring. However, in
warmer districts, autumn planting may be preferred so that seedlings are better
established before summer droughts (Bergin and Pardy 1987). Planting pattern
and density will depend on objectives of planting and site. Small-group-planting
in canopy gaps to take advantage of overhead light is a preferred method for
degraded high forest, cutovers, and bush remnants on farms (Beveridge 1973). A
flexible planting pattern in forest gaps will allow selection of better microsites for
totara such as disturbed soil away from root systems of large trees, but relocation
of scattered groups for releasing will be difficult. Group- or line-planting is
appropriate for establishing podocarps in scrub sites depending on height of the
canopy (Forest Research Institute 1980a). Although totara and kahikatea are the
podocarp species most successfully established on open sites (Forest Research
Institute 1980a), establishing a cover of hardy indigenous shrub species such as
manuka, kanuka and kohuhu (Pittosporum tenuifolium) as nurse species will
improve survival and growth, and reduce the risk of frost damage. On open sites
totara planted in pure stands which remain untended develop poor form unless
they are planted at a high density. Hinds and Reid (1957) also noted that while full
overhead light is required for growth of totara, without side shelter, stem form is
poor, resulting in a large proportion of multi-leadered trees in plantations.

In general, the application of fertilisers has not boosted growth and survival
significantly in trials on upland sites and has been less important to the growth of

totara than the choice of suitable planting sites (Bergin and Pardy 1987).

In a survey evaluating the performance of planted indigenous trees up to 100 years
of age located throughout the country, the main problem after planting was
competition from grass, ferns and shrub hardwoods. Totara is also intolerant of
overtopping vegetation whereas Hall’s totara seedlings can tolerate persistent
shade. Lack of releasing is the main reason for failure of plantings of totara and
other species, affecting both survival and growth (Pardy et al. 1992). Where weed

growth is vigorous, releasing of planted totara from overtopping vegetation is
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necessary for the first 2-5 years after planting, with additional releasing where

necessary to ensure a canopy gap is maintained to allow optimum growth (Bergin
and Pardy 1987).

2.12.4 Tending

Some tending to ensure seedlings are not overtopped by competing vegetation is
required until they reach about 2 m in height when they can grow in competition
with other vegetation. Tending of planted stands of a wide range of indigenous
tree species, including totara, has generally been minimal (Pardy et al. 1992).
Pruning up to 3 m was carried out in a 23-year-old planted totara stand in
Hawke’s Bay with no apparent detrimental effect on external stem quality or tree
health. There are clear indications from both planted and natural stands that stem
form and branch development can be influenced by spacing but there have been

no detailed assessments of these factors.

Katz (1980) found that previous thinning of an 80-year-old rimu-dominant
naturally regenerated stand in the central North Island some 30 years earlier had
resulted in an initial increase in basal area increment for both totara and rimu for
8-10 years after thinning. He found that totara adjacent to large trees had excellent
form with clean, straight boles extending to the base of the green crown. This was
12 m above ground where canopy height of the stands was just over 14 m.
Although nearly 80% of the totara had single stems, most were heavily branched

and their form would have benefited from pruning.
2.13 MANAGEMENT FOR TIMBER

2.13.1 Rotation

Under optimum natural conditions, Hinds and Reid (1957) suggested that totara
can grow 2-4 rings cm” and 23-30 cm annual height increment. However, in
natural stands where suppression has occurred, slower growth rates of 4-8 rings
cm’ are more usual. They indicated that totara are mature at 250-400 years but
may remain sound for 800-900 years. Most large totara felled at Pureora Forest in

1978 were found to be hollow (A.E. Beveridge pers. comm.).
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Katz (1980) suggested that if rimu-dominant pole stands (including some totara)
which had regenerated on Maori clearings in the central North Island around 1900
were regularly thinned, a 5 mm per annum diameter increment should be possible.
Rotations of 145 years could then be achieved to get an average 60 cm diameter at
breast height for merchantable stems on these cool upland sites. Similarly,
Beveridge (1973) suggested that for rimu, also in the central North Island, it
would take at least 150 years to obtain a second crop of merchantable sawlogs
after an initial regeneration period of 50 years. Trials indicated similar early
growth rates of seedlings and saplings of totara, rimu and kahikatea planted in
gaps in selectively-logged forest of the central North Island (Beveridge et al.
1985). However, growth rates on lowland sites can be expected to be significantly
faster than on upland sites (Pardy et al. 1992) and consequently a shorter duration

could be expected for podocarps to reach merchantable size.

2.13.2 Long-term management

In examining types of silvicultural treatments that aim to establish regeneration,
Baur (1964) describes sustained yield management in even-aged and uneven-aged
systems. Even-aged management is practiced over extensive areas by some form
of clear-cutting or shelterwood system whereas uneven-aged management is
achieved by periodic partial harvesting. The latter system has the advantages of
removing only the mature larger stems leaving the smaller stems to grow on in a
range of size classes; the continued protection the soil against erosion compared to
clearfelling options; better protection against climatic hazards; and aesthetic
reasons where retaining high forest is desirable. Disadvantages of maintaining an
uneven-aged stand include the desirable timber species may be light-demanding,
logging is more complex and more frequent and therefore more expensive, and

residual trees can be damaged during logging operations (Baur 1964).

Smith (1962) describes in detail the selection systems aimed at creating or
maintaining uneven-aged stands. Amongst many variations in selection methods,
single-tree selection leaves a small canopy gap in which only very shade tolerant
species regenerate whereas the group-selection method gives greater flexibility in
canopy size to encourage regeneration or growth of planted desirable species and

the development of even-aged aggregations (Smith 1962).
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For totara, as well as for most if not all future indigenous timber production in
New Zealand, preferred long-term management of indigenous forest for timber
production is likely to be options that retain the values of high forest. This will
favour selection management systems on most sites rather than clear felling. Most
stands of indigenous trees planted over the last century located throughout the
country on mainly lowland sites, and surveyed by Pardy et al. (1992), were
planted with more than one objective in mind. These included providing amenity
areas, enhancing scenic views, revegetation or restoration of previously forested
sites, long-term timber supply from woodlots, providing shelter, developing or
enhancing wildlife habitat, and reafforestation of erosion-prone hill country or
landfill sites. Because of the long rotations for indigenous trees, conventional
economic analysis cannot support the establishment of plantations of indigenous
tree species unless other non-timber objectives such as aesthetic and heritage
benefits are considered (Forest Research Institute 1997). These non-timber
benefits are likely to reward owners in many ways before the option of removing
timber has to be considered. In addition, the value of plantations of key
indigenous tree species, including totara, is likely to increase as indigenous and

imported decorative timbers become harder to obtain (Bergin and Pardy 1987).

Consideration of both timber and non-timber benefits therefore has implications
for harvesting methods and in particular the need to determine whether totara can
be selectively managed and what are the best management practices that will
promote effective growth of the relatively light-demanding seedlings. The
regeneration strategies of podocarps described by Beveridge (1973), Herbert
(1986), and Smale and Kimberley (1993) indicate that effective podocarp
regeneration occurs only when the over-topping canopy thins out. Early
intervention in developing stands, by canopy thinning or releasing of seedlings, is

required to optimise growth whether in natural stands or in planted stands.

For a densely stocked stand, Cameron (1959) suggested that the podocarps could
be grown in even-aged plantations on better sites with fertile soils and achieve
good growth rates. He cautioned, however, that any planting would only be

successful where weed growth is controlled. This was confirmed in the survey by
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Pardy et al. (1992) where failures of planted indigenous trees were usually due to
inadequate weed control in early years. Cameron (1959) was concerned that there
were problems with regeneration on clear-felled areas where indigenous
plantations are managed as an even-aged system. He discussed the concept that
forest management can be either intensive or extensive, i.e., densely stocked
forests for high-volume timber production or low-stocked forest for small
intermittent yields. Forests can also be managed either as even-aged stands
covering extensive areas or as uneven aged systems of silviculture where forests

are a mosaic of small or large groups of even-aged trees.

Several selection logging trials established by the Forest Research Institute from
the early 1960s to the early 1980s in low to dense podocarp forest in the central
North Island investigated methods and intensities of extraction (eg., Herbert and
Beveridge 1977; Smale et al. 1987). The last selection management trial
established used refined extraction methods where relatively low volumes of
timber were extracted from small groups or as individual trees with the aim of
retaining high forest values (Beveridge 1984; Smale et al. 1985). James and
Norton (2001) argue that natural forest management of rimu-dominant forest in
Westland is an example of ecologically based sustainable management of a
temperate rainforest. Management has involved the use of heavy-lift helicopters to
minimise the impact of harvesting and the modelling of forest yield based on tree
numbers and the forest’s expected tree mortality rates. The forest plan aims to
harvest biomass that should be recovered through growth before another harvest
cycle; to harvest single or small groups of trees; to select trees that are senile or
unthrifty; and to maintain a healthy forest ecosystem that continues to sustain the

full range of biodiversity that occurs within the forest.

Benecke (1996) describes well-established sustainable management of mixed
species uneven-aged forest under selection silvicultural systems carried out in
Europe for over 100 years. In examples from Switzerland, Bavaria, Slovenia and
the Black Sea regions of Turkey, ecological silviculture is guided by natural
succession processes of the forest type to achieve near-natural forest composition
and structure while providing timber through low-impact harvesting (Benecke

2000). The aim is to maintain a continuous cover of a mixed-species and an



Chapter 2 — Current knowledge Page 41

uneven-stand structure that will allow sustainable harvesting of timber whilst
retaining associated environmental and social values of the high forest. Rotation
length is not recognised. Rather emphasis in on stand stability, encouraging
natural regeneration, and harvesting trees based on their health and growth vigour

and their status in the stand structure with no strict adherence to “target” diameter.

A consideration of both the ecological characteristics of totara and societal
demands in terms of acceptable harvesting practice will be important determinants
of appropriate long-term management options for planted and managed naturally-
regenerating stands. While in-depth analysis of this is beyond the scope of this
thesis, an analysis of the growth and performance of totara will provide some

insights into the long-term management of the species.
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CHAPTER 3

PROVENANCE VARIATION IN TOTARA TEN
YEARS AFTER PLANTING ON A COASTAL SITE

3.1 INTRODUCTION

As totara covers a wide latitudinal and altitudinal range, an investigation of
genetic differences between geographically separated populations (provenances)
in growth and tree form would be a useful first step in development of a strategy
for genetic improvement of the species where timber production is an objective
for planting and management. In 1985, a study was initiated to investigate the
variability between provenances of totara. Seed was collected from trees at 42
sites from naturally occurring stands throughout the country covering most of the
species’ range. Seedlings were grown for three years under uniform nursery
conditions. Results of seed and germination assessments and growth performance
of seedlings from each provenance at the end of the 3-year nursery phase were
reported by Bergin and Kimberley (1992). The study showed significant
differences in stem form, height growth and leaf characteristics between widely-
separated provenances of totara. Early growth was correlated with germination
success after sowing. In the third year, height increment was negatively correlated
with provenance latitude, i.e., provenances from southern latitudes grew more

slowly than those from further north.

After the nursery study, seedlings of all provenances were planted on three sites in
the North Island for long-term monitoring. Only one site where establishment was

successful has been intensively assessed since planting. This is a coastal site near
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the north of the natural range of the species, and the results on growth and form

nearly 11 years after planting are reported here.
3.2 OBJECTIVES

The main objective of this study was to compare the growth and form of a range-
wide sample of provenances of totara on three North Island sites using seedlings
raised during the nursery phase of the study and to relate any variability to
geographic or climatic factors. A further objective was to identify superior
provenances for growth and form to enable selection of strains of totara for timber
production. A secondary objective was to monitor the early performance of large

plantations of totara, established on open, grassy sites.
3.3 MATERIAL AND METHODS

3.3.1 Material

Details of sites where seed collections were undertaken in 1985 for each of the
totara provenances and the methods used are given in Bergin and Kimberley
(1992). Attempts were made to collect seed from 8-10 seed trees where trees were
at least 100 m apart from communities representative of the natural forest of the
area and within a 200 m altitudinal range. In practice, however, these
requirements were often difficult to fulfil. Totara is dioecious requiring additional
effort in identifying female trees, and seed crops on large trees in high forest were
found to be small and difficult to collect from. In many districts, the only adequate
quantities of seed found were on isolated trees or trees in small groves on
farmland. At most sites, good collections were therefore made from 5-30 trees in
these naturally regenerated stands. However, 12 provenances comprised seed from

only three seed trees or fewer (Appendix 3.1).

Of the 42 original seedlots collected, 36 provenances had germinated well enough
to allow planting on one main site. There were sufficient seedlings of 30
provenances for planting on a further site with some provenances available for
planting at a third site. Surplus seedlings were used as buffers to the main trial

plots where necessary. The 3-year-old bare-root seedlings raised at the Forest
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Research Institute nursery ranged from 50 cm to 1 m in height at the end of the

3-year nursery phase of the provenance study and were ready for planting out in

spring 1988.

3.3.2 Trial area description

Two main trial areas were selected for planting some 4000 seedlings, including
buffers. These were in the Tapapakanga Regional Park at 35 m a.s.l. on the Firth
of Thames, owned by the Auckland Regional Council (Figure 3.1), and on private
land 450 m as.l. in the Whirinaki River valley near Minginui, 90 km east of
Rotorua in the central North Island. In addition, a small demonstration block was
established at the research headquarters in Rotorua, 300 m a.s.l. All sites were in
grass at time of planting and had been fenced to exclude grazing stock. Only the
Tapapakanga trial area has been monitored and maintained regularly. Survival at
the Whirinaki site was severely reduced by frost damage and heavy grazing and

the Rotorua site was partially disturbed by adjacent earthworks.

Locations of each provenance planted at Tapapakanga are shown in Figure 3.1
with seed tree characteristics and geographic and climatic details for each
provenance given in Appendix 3.1. The trial at Tapapakanga is on a west-facing
slope of a small valley and occupies approximately 1 ha, with slope varying from
5-20°. Soils are heavy clays formed from weathered andesite, forming only a
shallow topsoil layer on the steeper slopes. Vegetation at planting was dominated
by kikuyu grass (Pennisetum clandestinum) which had been recently grazed
before the site was fenced off from stock. As for nearby Auckland, mean summer
temperature is 16° and annual rainfall is approximately 1500 mm, usually evenly
distributed through the year, although summers can become dry. The site is less
than one kilometre from the coast at an altitude of 35 m a.s.l. and frosts are rare.

The valley is, however, exposed to occasional north-easterly storms.

3.3.3 Trial design
Thirty-six provenances, planted in a randomised complete block design
comprising eight 24 m x 24 m blocks, were established. Four-tree row-plots of

each provenance were planted randomly within each block, i.e., 32 trees per
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provenance. Trees were planted at 2 m x 2 m spacing (2500 stems ha™') with at

least one row of buffer trees planted around outside edges of the trial.
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Figure 3.1: Seed collection sites for totara provenances located throughout
New Zealand and location of the provenance planting trial site at
Tapapakanga Regional Park, near Auckland.

3.3.4 Site preparation and planting
All blocks were laid out with numbered 5 cm x 5 cm ground-treated wooden pegs
placed at each block comer and numbered 2.5 cm x 2.5 cm wooden pegs

identified row-plots within blocks. Planting spots were sprayed with Roundup
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herbicide three weeks before planting to give a 1 m diameter area free of
competing grass. Planting holes were then dug with a motorised post-hole borer to
ensure consistent preparation of planting pits. Over 1200 bare-root totara
seedlings were planted in September 1988 within three days of lifting from
nursery beds. A mixture of indigenous hardwood species was planted around the

periphery of the trial to provide shelter along the upper exposed margins.

3.3.5 Maintenance

Maintenance over the first five years included hand-clearing of rank kikuyu grass
from around each seedling to leave a 1 m diameter cleared area. Grass growth was
vigorous until canopy closure started to occur about 7 years after planting.
Seedlings were vulnerable to overtopping until at least 1.5 m high, 3-4 years after

planting.

3.3.6 Nursery assessment of seedlings
Nursery measurements are reported in Bergin and Kimberley (1992) but are
included here for the purposes of relating to later field measurements. The
following variables were recorded during the three years while seedlings were
being raised in the nursery:
. “pulled-up” height (upper parts of leaders of totara seedlings tend to droop)
measured annually for 3 years;
. a subjective rating of stem form on a three-point scale immediately prior to
lifting:
— good (1) —single, relatively straight stem with good apical dominance;
— intermediate (2) — single stem but not upright and/or with double
leaders;
— poor (3) — straggly appearance with poor apical dominance and/or
multiple leaders;
. a subjective rating of branching on a three-point scale immediately prior to
lifting:
— light branching (1) — only small branches present;
— medium branching (2) — small branches numerous with or without one

or two steep angle large branches;
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—  coarse branching (3) — numerously branched bushy habit with steep

angle large branches often competing with leaders.

3.3.7 Field assessments

Field trial assessment was undertaken 6 years and then 10 years 8 months after
planting. The latter was effectively 11 growing seasons as measurement took
place in late autumn (May) of the 11" year after planting, and is hence often
referred to as the assessment at 11 years.

® 6 years after planting:

—  Heights and survivals

— asubjective rating of stem form (good = 1, intermediate = 2, poor = 3)
following the same criteria used in the final nursery-based assessment
immediately prior to lifting and planting.

o 10 years 8 months after planting:

— root collar diameter of all trees;

— DBH (diameter at breast height; 1.4 m above ground on uphill side of
trees) of all trees; the DBH of all multiple leaders where they occurred
at this level were recorded; for the purpose of analysis, the DBH of
trees with more than one leader was based on the summed basal areas

of all leaders;

—  height of the tallest tree in each four-tree plot.

At 10 years 8 months, owing to the closed canopy and dense crowns, it was
impossible to continue using the subjective stem form assessment technique used
in the previous measurement. However, where trees had more than one leader,
the number and height to the base of each leader was measured. These
measurements were used to derive three measures of stem form:

e percentage of trees with multiple leaders;

e mean number of leaders per tree;

e ascore indicating the height to the base of the first leader (0 =0-1 m, 1 =1-2

m, 2 =2-3 m, 3 = 3-4 m, 4 = no multiple leaders).
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3.3.8 Data analysis

The SAS UNIVARIATE procedure was used to check the distributions of heights
and diameters (SAS 1990). They were found to be approximately normally
distributed. Analyses of variance (ANOVA) and least significant difference (LSD)
tests were used to test the significance of provenance differences for the following
variables: survival at age 6 and 11 years; height at planting (i.e., age 3), age 6 and
age 11 years; root collar diameter at age 11 years; DBH at age 11 years; stem
form at age 6 years; trees with multiple leaders, number of leaders per tree and
height to first double leader, all at age 11 years; and height increments between
ages 3 and 6 years and between ages 6 and 11 years. Correlations were not
presented for height increments after planting as trends did not differ markedly
from height correlations. Using SAS, all analyses were performed using plot
means with the block treated as fixed effect. Pearson correlation coefficients were
calculated between provenance means for the above variables and between these

variables and latitude, altitude, mean temperature and rainfall of provenance sites.
3.4 RESULTS

3.4.1 Survival and growth

Provenance means for all characteristics assessed at the Tapapakanga site are
shown in Tables 3.1 and 3.2. Overall mean survival had stabilised at 90% by age
6. By age 11 years average survival was 89% with all but one provenance
exceeding 80%, the exception being the Gisborne provenance at 69%. Generally,
trees appeared in good health in successive assessments and no disorders were
noted. Most mortality occurred within the first 3 years of planting mainly caused
by suppression of young plants by vigorous regrowth of kikuyu grass between
annual maintenance visits. Temporary overtopping by grass may also have

hindered early growth of some plants.

There were highly significant differences (p < 0.01) between provenances in
height growth at time of planting, and at ages 6 and 11 years, and in root collar
diameter, DBH, (Table 3.1) and for multiple leaders at age 11 years (Table 3.2).
Overall, average height at planting was 85 cm and 6 years later was 2.9 m.

Average height of the tallest tree per plot was 5.5 m 11 years after planting.
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Overall, average root collar diameter was 12.7 cm and DBH was 9.7 cm, 11
growing seasons after planting. Mean annual increment for height was 42 cm and
DBH was 8.8 mm. Provenance mean height and diameter at breast height varied

significantly from 4.8-6.5 m and 6.9-11.2 cm respectively, almost 11 years after

planting.

As was found with the nursery phase in 1988 (Bergin and Kimberley 1992), the
Otaki provenance continued to be the fastest growing in terms of height,
exceeding 6.5 m, almost 11 years after planting (Table 3.1). Other fast-growing
provenances where mean annual height increments were approaching 50 cm
included Waipoua, Kauaeranga (lower-altitude collection site), Mamaku and New
Plymouth. The Gisborne and Dean Forest provenances were the slowest growing

at under 5 m high by age 11 and had the smallest mean DBH.

Seed was collected from more than one stand of trees in four provenance locations
(Kauaeranga, Pureora, Kaikoura, Harihari). Most showed no significant
differences in growth after planting out (Table 3.1). The exception was
Kauaeranga, where trees sourced from the low altitude site (30 m a.s.l.) grew
significantly faster (p < 0.05) than trees sourced from the higher altitude site
(140 m a.s.l.).

Pearson correlations between provenance means of seedling height during the
nursery phase (1986-88) and after planting (age 6 and 11), and diameter (age 11)
are shown in Table 3.3. There were no significant correlations between
provenance mean height at ages 6 and 11 years, root collar diameter at age 11
years, and DBH at age 11 years with nursery heights in 1986 and 1987. As
reported by Bergin and Kimberley (1992), the first two years of height growth in
the nursery appeared to be related to seed quality and not to height growth in the
third year (1988) when genetic factors began to predominate. This trend became
stronger at the assessment 6 years after planting at the Tapapakanga trial site and
has continued at a similar level with the latest assessment of the seedlings almost

11 years after planting.
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Table 3.1: Mean survival and growth characteristics for each of the

provenances of totara as assessed 10 years 8 months (referred in table as 11
ears) since planting in 1988.

No. |Provenance Survival | Survival | Heightat | Height Height Root collar DBH
age6 | agell planting age 6 age 1l | diameteragell | agell
(%) (%) (m) (m) (m) (cm) (cm)
1 Kaikohe 91 91 0.86 3.0 5.8 13.0 103
2 Waipoua 94 94 0.87 3.2 6.1 13.5 10.8
3 Auckland 94 94 0.79 3.0 59 12.8 9.7
4 Kauaeranga (low altitude) 91 88 0.87 3.1 6.2 14.5 10.8
5 Kauaeranga 84 84 0.89 2.7 55 11.8 89
6 Waharoa 97 97 0.85 3.0 6.0 135 10.2
7 Matamata 94 94 0.85 29 5.7 135 10.4
8 Mamaku 88 88 0.84 31 6.1 13.6 11.1
9 Opotiki 94 94 0.88 32 5.6 133 10.6
10 |Gisborne 75 69 0.79 2.1 49 9.4 72
11  |Pureora (40A Fletchers Rd) 94 94 0.84 3.0 59 12.1 9.6
12  |Pureora (40B Nth Block) 91 91 0.87 29 53 12.2 94
13 |Pureora (40C Education Res) 94 91 091 29 5.7 12.7 99
14 |Taumaranui 94 94 0.94 32 59 14.6 11.2
15 |Hurakia 84 84 0.81 3.0 5.5 120 .9l
16 |New Plymouth 100 100 0.85 3.1 6.1 12.7 103
17 |Whangamomona 84 84 0.82 29 53 12.4 99
18 |Taihape 94 94 0.82 24 5.1 11.0 84
19 |Hunterville 97 94 0.86 2.8 5.7 12.1 9.2
20 |Hawkes Bay 88 84 0.66 28 55 11.9 87
21 |Pohangina 94 94 0.96 32 54 133 10.7
22 |Otaki 94 94 1.04 32 6.5 13.1 10.6
23  |Masterton 81 81 0.87 29 5.6 12.9 9.3
24 |Ngaumu Forest 100 100 0.93 31 54 12.7 10.2
25 |Featherston 84 84 0.86 30 5.1 13.9 10.8
26 |Nelson 84 81 0.83 30 5.8 13.6 103
27  |Nelson (Wai-iti) 84 84 0.75 30 5.6 135 103
28 [Pelorus River 94 94 0.79 28 54 12.0 9.6
29 |Kaikoura (north) 88 88 0.78 2.8 5.5 13.0 99
30 |Kaikoura (good form) 84 84 0.90 26 50 12.3 9.2
31 |Kaikoura (poor form) 81 81 0.88 24 50 115 89
32 |Harihari (76A) 82 82 0.85 2.6 5.1 12.7 8.7
33 |Harihari (76B) 89 89 0.91 2.7 53 13.7 9.8
34 |Banks Peninsula 88 88 0.86 29 53 13.1 10.0
35 |Peel Forest 84 84 0.85 26 5.1 12.7 9.1
36 |Dean Forest 91 91 0.64 23 48 10.1 6.9
General mean 90 89 0.85 29 55 12.7 9.7
LSD 15 16 0.09 03 0.7 1.8 1.5
% Variance 1.9 25 35.7 328 18.7 17.9 22.1
F-test - provenance 1.16 1.21 5.46** 4.89** 2.82%x 2.74*+ 3.29%*
(0.26) | (0.21) | (<0.0001) | (<0.0001) | (<0.0001) (<0.0001) (<0.0001)
LSD Least significant difference (p=0.05). Provenance differences are statistically significant if they are greater than the LSD value.

%Variance Provenance variance as a percentage of provenance plus residual variance;
F-test * Significant at P < 0.05; ** Significant at P < 0.01 (P value in brackets)
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Table 3.2: Mean stem form characteristics for each of the provenances of
totara as assessed almost 11 years since planting in 1988.

No. Provenance Stem Trees with multiple | Number of leaders|Height to first double
form *age 6 leaders age 11 per tree age 11 leader age 11
(%) (m)
1 Kaikohe 2.03 65.6 1.72 1.86
2 Waipoua 1.69 458 1.68 2.07
3 Auckland 1.9 542 1.64 1.95
4 Kauaeranga (low altitude) 2.06 52.1 171 2.03
5 Kauaeranga 1.95 55.2 1.77 1.81
6 Waharoa 1.72 479 1.57 220
7 Matamata 1.94 56.3 1.75 1.78
8 Mamaku 1.96 49.0 1.78 1.80
9 Opotiki 2.04 64.6 1.71 1.68
10 |Gisborne 232 67.9 1.71 1.44
11 Pureora (40A Fletchers Rd) 1.85 60.4 1.76 1.82
12 |Pureora (40B Nth Block) 1.66 46.9 1.53 2.14
13 Pureora (40C Education Res) 1.99 54.2 1.61 1.85
14 |Taumaranui 1.98 55.2 1.76 1.72
15 |Hurakia 1.78 46.9 1.47 2.19
16 |New Plymouth 1.75 25.0 1.28 2.44
17 |Whangamomona 1.69 39.6 1.48 1.97
18 |Taihape 2.07 573 1.74 1.94
19 |Hunterville 1.84 50.0 1.56 1.91
20 |Hawkes Bay 2.1 427 143 2.02
21 |Pohangina 1.96 66.7 1.73 1.75
22 |Otaki 2.03 77.1 2.05 1.27
23  |Masterton 1.83 55.2 1.65 2.08
24 |Ngaumu Forest 2.02 65.6 1.75 1.50
25  |Featherston 227 84.4 223 1.11
26 |Nelson 1.96 46.9 1.63 1.95
27  |Nelson (Wai-iti) 2.09 52.1 1.68 1.96
28  |Pelorus River 2.05 60.4 1.717 1.83
29 Kaikoura (north) 2.19 57.3 1.83 1.65
30 |Kaikoura (good form) 1.77 74.0 2.01 1.39
31 Kaikoura (poor form) 2.25 70.8 1.83 1.56
32 |Harihari (76A) 2.46 65.5 2.05 1.30
33 |Harihari (76B) 2.36 73.2 1.89 1.36
34 |Banks Peninsula 2.04 74.0 2.07 1.54
35 |Peel Forest 2.04 66.7 1.93 1.47
36 |Dean Forest 2.15 479 1.67 1.82
General mean 1.99 57.6 1.73 1.78
LSD 0.46 25.5 0.40 0.59
% Variance 43 8.6 9.0 10.9
F-test - provenance 1.37 1.76** 1.79** 1.98**
(0.092) (0.0078) (0.0062) (0.0015)

L]
+

Stem form subjective assessment: 1 = Good; 2 = Intermediate; 3 = poor;

Assessed as height to first double leader

LSD Least significant difference (p=0.05). Provenance differences are statistically significant if they are greater than the LSD value.
%Variance Provenance variance as a percentage of provenance plus residual variance;

F-test * Significant at P < 0.05; ** Significant at P < 0.01 (P value in brackets)
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In April 2000, within 12 years of planting, many trees at the Tapapakanga site
were fruiting. Both male cones and female fruits comprising green seed and ripe
receptacles were present. Cutting of a small sample revealed a mixture of seed
with full white-cream-coloured endosperm contents and some seed that was
empty, indicating that viable seed was probably being produced. Naturally
regenerated seedlings of totara were common, particularly around the edges of
trial blocks where there was increased light. Seedling populations comprised both
recently germinated seedlings likely to be less than 12 months old, as well as
seedlings up to 20 cm high, likely to be up to 2 years old indicating that planted

trees were producing viable seed within 10 years of planting.

Table 3.3: Correlation matrix of provenance means for growth variables
between seedlings assessed during the nursery phase (1986-88) and
performance of trees 6 years (1994) and almost 11 years (1999) after
planting. P values are given in Appendix 3.2.

Height | Height | Height | Height | Height at | Height at| Height Root
1986 1987 1988 1988 age 6 age 11 | increment, | collar
(nursery) | (nursery) | (nursery) | (trial) (trial) (trial) | 1987-1988 | diameter
(nursery) | at age 11

(trial)

Height 1987 (nursery) | 0.90**

Height 1988 (nursery) [ 0.75** 0.92**

Height 1988 (trial) 0.63** 0.81** 0.92**

Height at age 6 (trial) -0.12 0.06 0.35% | 0.46**

Height at age 11 (trial) | -0.13 -0.03 0.26 0.35% | 0.76**

Height increment -0.04 0.16 0.54%* | 0.54** | (.75** 0.69**

1987-1988 (nursery)

Root collar diameter -0.12 0.09 0.31 0.45%* | 0.78** 0.59** 0.59**
at age 11 (trial)

DBH at age 11 (trial) 0.02 0.20 0.45** | 0.54** | 0.89** 0.69** 0.69** 0.91**

* Significant at p < 0.05
*x Significant at p < 0.01

3.4.2 Stem form
Branches from neighbouring trees were beginning to overlap 6 years after
planting. Canopy closure for some blocks or part blocks had occurred by the

second major assessment almost 11 years after planting. Trees were invariably
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bushy with green crowns to within 1 m of the ground making detailed assessment
of stem form and branching difficult. Across all provenances, 58% of trees had
multiple leaders with an average of 1.73 leaders per tree (Table 3.2). Average
height to first double leader for all provenances was 1.78 m above ground ranging
from 1.1 m to nearly 2.5 m. Lower branches below 0.6 m on most trees had died;
many had rotted away or were brittle and easily broken off leaving relatively clear
lower stems. Grass had thinned out from beneath most planted blocks or had

disappeared, leaving bare ground with the onset of canopy closure.

The general mean score of stem form in 1994, 6 years after planting (Table 3.2),
had not changed from that reported for stem form of seedlings at the end of the
nursery phase in 1988 (Bergin and Kimberley 1992). Six years after planting,
provenances with good stem form generally had faster growth rates and were from
the northern half of the North Island. These provenances with a stem score <1.75
included Waipoua, Waharoa, Pureora (North Block), New Plymouth and
Whangamomona. The three variables used to assess stem form at age 11 indicated
a similar trend to better form for the faster growing northern provenances. In
general, the provenances that scored well for stem form at age 6, continued to
exhibit better tree form at age 11. These provenances had lower mean percentage
of trees with double leaders (<50%), a lower mean number of leaders per tree
(< 1.6 leaders) and a greater average height to the first double leader (> 2 m). The

Hawkes Bay seed source was also amongst the better-formed provenances.

Where seed was collected from more than one stand of trees in a provenance
location (Kauaeranga, Pureora, Kaikoura, Harihari), there were generally no major
differences between stands within provenances in stem form scores and
measurements of trees at age 6 and 11 years after planting (Table 3.2). Although
seed collections of the Kaikoura provenances from trees of good and poor form
showed a significant difference in growth and form between seedlings from parent
trees at the end of the nursery phase, there were no longer any significant
differences in growth and form after planting out. Similarly, there were no
differences in form traits of seedlots from shorter semi-mature seed trees in the
Pureora provenance (Fletcher’s Road) and the other Pureora seed collections sites

from tall, straight trees located in high forest. Bergin and Kimberley (1992)
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suggested that any genetic differences in stem form of the original parent trees

were likely to be masked by the large variation in habitat conditions and this is

likely to be continuing.

Correlations for stem-form variables between the nursery phase and later
assessment of planted trees are given in Table 3.4. There were significant
correlations between branching assessed in the nursery in 1988 and the three traits
involving multiple leaders and number of double leaders at age 11. Each stem
form trait at ages 6 and 11 was correlated with the other stem form traits (p <
0.01). The significant correlation of multiple leader traits at age 11 with those at
age 6 and earlier, indicate that assessments of multiple leaders are effective as
parameters for quantifying stem form based on subjective scores of stem form

used in earlier assessments.

Table 3.4: Correlations of provenance means for stem form traits in the
nursery (1988) and planting trial assessments 6 years (1994) and almost 11
years (1999) after planting. P values are given in Appendix 3.3.

Nursery variables Planting trial variables
Stem | Branching | Stem Trees with Number of
form 1988 form at | double leaders |leaders per tree
1988 age 6 at age 11 at age 11
Branching 1988 (nursery) 0.68**
Stem form at age 6 0.30 0.26
Trees with double leaders at age 11 0.34* 0.45** 0.57**
Number of leaders per tree at age 11|  0.27 0.43* 0.55%* 0.89**
Height to double leader at age 11 -0.35* -0.52%+* -0.68** -0.89** -0.89**

*  Significant at p < 0.05
** Significant at p < 0.01

3.4.3 Correlation with geographic and climatic variables

Correlations between provenance mean height and diameter traits, and geographic
and climatic parameters are given in Table 3.5. Height at age 6 and 11 years and
DBH at 11 years were both negatively correlated with latitude (p < 0.01) and
positively correlated with mean summer temperature of the seed collection site (p
< 0.01). R? values, however, indicate that at least two-thirds of the variation in

provenance growth traits were not explained by latitude and summer temperature.
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There was no correlation of growth with rainfall or altitude of provenance
localities. During the nursery phase of the provenance trial, height increment in
the third year was negatively correlated with provenance latitude (Bergin and
Kimberley 1992). This trend has strengthened following planting in the main trial
where trees raised from seed collected from northern latitudes grew faster in
height than trees raised from seed collected from southern latitudes (Figure 3.2).
There was no apparent difference in correlation of growth and geographic
variables between provenances where seed was collected from less than six parent
trees (listed in Appendix 3.1) compared with provenances where seed was

collected from six or more seed trees.

Table 3.5: Correlations between provenance mean height and diameter, and
geographic and climatic parameters of provenances. P values are given in
Appendix 3.4.

Height at Height at Height at Root collar DBH at
planting age 6 age 11 diameter at age age 11
11
Latitude -0.19 -0.45** -0.58** -0.20 -0.38*
Altitude 0.06 -0.06 -0.14 -0.25 -0.16
Mean summer temperature 0.15 0.43** 0.54** 0.32 0.41*
Total annual rainfall 0.17 0.04 0.02 0.16 0.07

*  Significant at P < 0.05
** Significant at P < 0.01

There were significant correlations between stem form at age 6 and all stem form
variables used at age 11 with latitude (Table 3.6). There was no correlation
between stem form traits and mean summer temperature or rainfall, although there

is a negative correlation between stem form at age 6 and altitude.
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Figure 3.2: Relationship between mean height at age 11 and latitude of
provenance for totara.

Table 3.6: Correlations for provenance means between stem form
characteristics (assessed in the nursery and the planting trial), and
geographic and climatic parameters of provenances. P values are given in

Appendix 3.5.
Nursery variables Planting trial variables
Stem form | Branching Stem Trees with | Number of | Height to
1988 1988 form at double leaders per double
age 6 leaders at tree at age leader at
age 11 11 age 11
Latitude 0.27 0.29 0.48** 0.35% 0.43** -0.49**
Altitude -0.02 -0.04 -0.41* -0.15 -0.25 0.23
Mean summer -0.10 -0.20 -0.21 -0.11 -0.19 0.25
temperature
Total annual -0.15 0.04 0.16 0.02 0.11 -0.12
rainfall

*  Significant at p < 0.05
** Significant at p < 0.01
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As with the correlation of faster growth of more northern provenances, a similar,
if weaker north-south trend is evident for tree form (Figure 3.3). Here there is a
negative correlation between height to the first double leader assessed as a
measure of stem form at age 11 and latitude of provenance seed source. As with
growth, there was no apparent difference in correlation of tree form and latitude
between provenances where seed was collected from less than six parent trees

compared with provenances where seed was collected from six or more seed trees.

The poorest stem form 6 years after planting was from the two Harihari sources.
These were collected from the introgressive hybrid Podocarpus totara var.
waihoensis described by Wardle (1972) which is a natural hybrid of totara and the
closely related, tall shrub P. acutifolius. P. totara var. waihoensis resembles totara

but grows to a smaller stature and has narrower, more acute leaves.
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Figure 3.3: Relationship between mean tree form determined by height to
first double leader at age 11 and latitude of provenance for totara.
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3.5 DISCUSSION

This provenance trial at Tapapakanga Regional Park has allowed the comparison
of long-term differences in growth of totara. The frost-free, fenced lowland site
has been intensively maintained and monitored since establishment. It is intended
that the trial will remain indefinitely to allow evaluation of long-term growth and
form differences of totara. Nursery-based provenance trials have been carried out
with only five other New Zealand indigenous timber tree species, viz., the beeches
(Nothofagus) (Wilcox and Ledgard 1983; Ledgard and Norton 1988). A small
dense planting of beech provenances remains at Rangiora, north of Christchurch

(David Norton pers. comm).

Growth rates of totara on this ex-pasture site at Tapapakanga are exceptionally
high compared with other plantings of totara with canopy closure at this density of
2500 stems ha™' occurring 8 years after planting (Figure 3.4). In almost 11 years,
the average height is in excess of 5.5 m and DBH is 9.7 cm. This compares with a
predicted average height of 4.1 m and DBH of 4 cm based on a survey of planted
totara stands throughout the country (Pardy et al. 1992). Unlike many of the other
planting sites, there was no evidence of possum browsing, minimal insect
defoliation, no frost damage and little competition from weed growth at
Tapapakanga. The fastest-growing trees have almost 60 cm annual height growth
and 1 cm DBH growth per year. Mean survival at Tapapakanga of nearly 90% 11
years after planting matches average survivals reported for numerous podocarp
planting trials where survival usually exceeds 80% (Beveridge et al. 1985).
Selection of appropriate sites for planting podocarps and keeping seedlings free of
weed competition in the early years have been critical in ensuring good

performance.
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Figure 3.4: The totara provenance trial 8 years after planting on a previously
grazed farm site, Tapapakanga Regional Park, south of Auckland. Canopy
closure is beginning to occur with the stand planted at a density of 2500
stems ha™.

Although significant provenance differences are evident at age 11 for both height
and diameter growth and for stem form (Tables 3.1 and 3.2), provenance
differences in height have become less significant with age (F value of 2.82 at 11
years compared with F value of 5.46 at planting). It should be noted, however,
that the final height measurement was based on only the largest tree per plot.
Similarly, although the negative correlation between height increment and
provenance latitude that was evident in the third year nursery growth (Bergin and
Kimberley 1992) has persisted and even strengthened, there is still much variation
in the height and diameter growth rates of provenances that is not accounted for.
This suggests that even at this level of provenance selection, there are
opportunities to select fast-growing provenances from within parts of New
Zealand, which with progeny testing in a breeding programme, are likely to yield

fast-growing progenies.
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Diameter at age 11 was more highly correlated with height at age 6 years than
with current height (Table 3.3). This tendency for diameter to be correlated more
with preceding height than with current height has also been observed for radiata

pine by Burdon and Miller (1992a).

Ideally, provenance seed collections should be from a large number of parent trees
to ensure that the genetic diversity of the local species population is fairly
represented. One-third of the provenances evaluated in this study were based on
seed collected from a small number of parent trees where growth could be based
on only one or two inbred individuals. Inbreeding and the corresponding reduction
on growth have been reported for a number of species including conifers (e.g.,
Williams and Savolainen 1996). However, analysis of provenances based on
collections from 1-5 parents compared with provenances from a larger sample of
parents did not significantly change provenance differences in growth reported

here.

The phenomenon of negative correlation between growth and provenance latitude
reported here for totara is common among species that occupy a wide latitudinal
range, with slower-growing but hardier ecotypes being better adapted to colder
latitudes, e.g., Pinus strobus (Wright 1970) and Juniperus virginiana (Schoenike
1969; Henderson et al. 1979). Apart from significant differences in height and
DBH growth for the low and high altitude seedlots for the Kauaeranga
provenance, there continued to be no correlation of growth traits with altitude
across all provenances in the planting trial. This contrasts with other species such
as Pseudotsuga menziesii var. glauca (Rehfeldt 1979; Rehfeldt 1983; Herman and
Lavender 1968), Sequoiadendron giganteum (Guinon et al. 1982), Pinus contorta
(Rehfeldt and Wykoff 1981), Larix occidentalis (Renfeldt 1982) and ponderosa
pine (Pinus ponderosa) (Callaham and Liddicoet 1961). The lack of correlation
with altitude may reflect the seed dispersal characteristics of totara. The principal
means of seed dispersal is by birds (Beveridge 1964; Burke 1974) and is likely to
result in seed dispersal within the altitudinal range of totara, but less likely to
cover the latitudinal range. On the other hand, as totara is wind pollinated, wide-

scale dispersal would allow mixing of local gene pools.
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Despite this, there is some evidence of better frost hardiness from higher altitude
seed sources. Hawkins et al. (1991) found that frost hardiness of totara was
positively correlated with altitude of seed origin for a limited selection of central
to southern region North Island provenances, ranging from 30-540 m a.s.l. in
altitude. They used seedlings from the same seed material in this provenance trial.
Totara forms hybrids with the closely related Hall’s totara (Webby et al. 1987)
where the latter is often, but not always, growing at greater altitudes than totara.
Both species occur together in some areas such as at Pureora Forest Park, close to
the upper altitudinal limit of totara (Bergin and Kimberley 1992). Therefore, it
may be possible that introgression of Hall’s totara genes in totara at higher

altitudes has occurred, giving greater frost hardiness.

Coefficients of variation between provenance means for height at the end of the
nursery stage was 8.6% for totara (Table 3.7). This level of provenance variation
is between that found in red beech (Nothofagus fusca) and that in silver beech
(N. menziesii) but less than that found in the mountain-black beech (N. solandri)
species complex (Wilcox and Ledgard 1983). Wilcox and Ledgard found red
beech populations to be weakly distinct genetically, in keeping with its rather
narrow ecological range; silver beech was genetically variable in seedling growth
and morphology, reflecting its wide ecological range. Although totara has a wider
latitudinal range, and within some regions, a wider altitudinal range than silver
beech (Wardle 1984), it is not as genetically differentiated in terms of height and
diameter growth as silver beech. Both totara and the beech species are wind
pollinated which would contribute to mixing of gene pools within each species,
but there are differences in their seed dispersal mechanisms that may contribute to
the differences in their genetic diversity. Bird dispersal of totara seed is likely to
encourage greater mixing of gene pools than the beeches which have wind-
dispersed, but relatively heavy seed that does not normally travel more than 40 m

from the seed source (Wardle 1984).
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Table 3.7: Comparison of coefficients of variation (CV) for provenance
means for heights and diameters between totara and beech species.
Coefficients of variation for the beeches were determined by Wilcox and
Ledgard (1983) at the end of the nursery stage 2; years after sowing.

Height of Height of beech species
totara Silver Red Mountain-black
beech beech beech complex

Mean | CV | Mean | CV Mean CvV Mean Cv

(cm) (cm) (cm) (cm)
3-years-old (end of 81 8.6 77 15.0 102 5.0 86 27.8
nursery stage)
6 years after planting 290 94 - - - R - -
(Tapapakanga trial)

11 years after planting 550 | 74 - - - - - -
(Tapapakanga trial)

In a separate study, leaf samples were taken from 180 totara established in the
Tapapakanga trial site for DNA analysis (Tree Grower 1995). Ten totara
populations ranging from Kaikohe in the north to Dean Forest in the south were
sampled and Random Amplified Polymophic DNAs (RAPD markers) were used
to determine the genetic variation using extracted genomic DNA (Williams et al.
1990). The study revealed significant genetic differences between the various
populations in relation to the geographic separation of the seed sources. However,
90% of the total genetic marker diversity was attributable to the differences
among individuals within populations. It was suggested that the distribution of
genetic variation is typical of predominantly outcrossing organisms such as totara.
It was further proposed that recent fragmentation of formerly widespread and
more contiguous totara populations, and the subsequent reduction in gene flow,
may lead to shifts in this pattern of genetic variation over time (T.E. Richardson

pers. comm.).

The DNA study supports the pattern of phenotypic variation described in the
current study on provenances planted at the Tapapakanga site where there are
significant growth and tree form differences amongst populations of totara. With

the fragmentation of indigenous forest cover in New Zealand following the arrival
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of man (O’Loughlin 2000), there may indeed be scope for isolated populations of
totara to develop greater genetic differences in the future. In addition, with
introduced predators and decreased indigenous forest cover (King 1984), there has
been a significant reduction in populations of some indigenous birds including
kereru (Soper 1976), and in some regions such as Northland, bellbirds (e.g., Bull
et al. 1978), that are known dispersers of podocarp seed (Beveridge 1964).
Reduced bird dispersal of totara seed may also influence genetic variability by
reducing the mixing of gene pools. Browsing of totara by possums has been
widely observed (e.g., Mason 1958), and may also be influencing vigour and seed

production on some sites.

There are a number of factors that potentially contribute to the large degree of
variation in the growth rates of provenances that is not accounted for by
geographic or climatic parameters. Contrary to arguments that forest
fragmentation may increase genetic diversity, there is an abundance of newly
regenerated stands of totara in many farming regions of New Zealand. Owing to
its pioneering nature, totara readily colonises marginal pastoral hill country and is
sometimes common along riparian areas in lowland sites (Bergin 2000). In
addition, the Tapapakanga trial shows that totara can produce viable seed and
regenerate at an early age. A further consideration is that of pollen dispersal which
is equally important in gene flows (T. Shelbourne pers. comm.). Wind pollination
of totara over potentially considerable distances is also likely to decrease local
genetic differentiation. Although there has been greatly reduced indigenous bird
populations in recent times, the influence of increased populations of introduced
fruit-eating birds since human settlement such as starlings (Sturmus vulgaris),
blackbirds (Turdus merula) and to a lesser extent thrushes (7. philomelos), may be
a factor in ensuring continued effective dispersal of seed, particularly around the
fringes of indigenous forest remnants. Some indigenous bird species that are
common in parks, gardens and forest remnants such as tui are effective dispersers

of totara seed (A.E. Beveridge pers. comm.).

Although results indicate a reasonably strong relationship of height growth to
latitude of origin, with the inference that low latitudes tend to give more vigorous

provenances, data is based on one coastal trial site that is well to the north within
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the natural range of the species. Latitudinal transfers have been the important
geographic determinant of performance of some species in the Northern
Hemisphere, such as Scots pine (Pinus silvestris) and Sitka spruce (Picea
sitchensis) where transfers to lower latitudes can severely depress height growth.
Any opposing effects of transfers to higher latitudes tends to incur risks of
climatic damage (R.D. Burdon pers. comm.). Some caution is therefore required
in recommendations implying faster growth for provenances of totara from low

latitudes other than for around the latitude of the test site.
3.6 CONCLUSIONS

Accepting that the provenance trial is located at only one site, there is
considerable scope for selection of improved strains of totara for both growth
rates and stem form. Although northern populations generally grow faster and
with better form than southern populations, results from both the field trial
performance and the DNA marker study indicate that not all variation is due to
geographic or climatic factors, and that there is considerable variation amongst
populations from the same region. As the experiment did not ha\;c a family
structure, it is impossible to determine how much of the variation within
provenances are genetic, though some of this is likely to be so, based on
experience with other conifers (T. Shelbourne pers. comm.). If totara is to be
grown for timber, a strategy that is likely to produce better quality trees is the
establishment of clonal seed orchards by grafting superior trees chosen from the
best-performing provenances in this trial. Totara can be grown successfully from
cuttings and from scion wood grafted onto rootstock (T. Faulds pers. comm.).
Field trials with a family and provenance structure are required to estimate genetic
parameters and the potential gains from selection and development of seed

orchards.
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CHAPTER 4

DETERMINING AGE USING GROWTH RINGS
FROM PLANTED STANDS OF TOTARA

4.1 INTRODUCTION

Counting the number of growth rings on the lower part of the stem has proved to
be a useful method for determining the approximate age of many temperate forest
tree species (Fritts 1976). In softwoods, the wood formed late in the growing
season results from the production of tracheids with thicker walls, and is termed
latewood. When the trunk is cut transversely, these seasonal increments termed
growth rings, appear as a series of more or less concentric circles about the pith
(Jane 1970). Although growth rings are often used to determine the age of a tree,

they are not always formed every year.

Jane (1970) describes the differences between seasonal rings formed annually and
false rings. With annual growth rings, the boundary between latewood (laid down
as tree growth slows and stops over winter) and early wood (of spring growth) is
sharply differentiated, at least on the side closest to the bark. In contrast, false
rings tend to be less sharply defined, with only a gradual change from darker
bands to lighter early wood. Cessation of tree growth may occur during the
normal growing season due to drought, out-of-season frost or defoliation by
browsing animals such as insects or possums. Although this cessation of growth

will be temporary, a growth ring, termed a false ring, will be formed.
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In New Zealand, there have been numerous studies that involve determining age
of trees using ring counting techniques. Dendrochronology, the study of
sequences of annual growth rings in trees, has been reviewed by Norton and
Ogden (1987) with an emphasis on New Zealand studies and applications. Norton
and Ogden distinguish between strict dendrochronological techniques such as
cross-dating and those involving ring counts to determine tree age. This chapter
focuses on the latter, comparing the known age of planted totara stands with ring

counts taken from cross-sectional increment cores.

Like all temperate gymnosperms, cross-sections of the trunk of totara exhibit
growth rings (Meylan and Butterfield 1978). Examination of the growth rings of
totara has led to a range of descriptions. Garratt (1924) described the growth rings
as distinct to the unaided eye, tending to be close and uniform, and comprising
very narrow bands of latewood with a gradual transition from early wood. Hinds
and Reid (1957) state that the growth rings are poorly defined with latewood
having slightly darker bands. Meylan and Butterfield (1978) indicate that the
growth rings of totara are moderately distinct to distinct while Patel (1967) rates

them as indistinct to distinct.

Previous studies using ring counting to age totara reflect the difficulties
encountered in the reading of growth rings and indicate uncertainties as to
whether they are annual in nature. In limited collections of cores taken from
mature totara at approximately breast height, Dunwiddie (1979) found severe
problems with ring wedging and lobate growth in both totara and Hall’s totara.
Lloyd (1963) noted apparently false rings in five species of podocarps including
totara. In a preliminary investigation of several New Zealand timber tree species,
Bell (1958) found the ring records difficult to read for totara, suggesting that there
may be up to three rings in one year. Cameron (1959) acknowledged the
possibilities of false rings having been counted as annual rings, and that more
than one ring could have been produced in one year when he undertook
measurement of growth ring widths of totara and other indigenous softwoods in

North Auckland.
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On the other hand, Wells (1972), in a study of Hall’s totara in Central Otago,
which has severe winters, reported annual rings. McSweeney (1982) used basal
discs from windthrown or logged trees in South Westland for counting rings. He
did not use increment cores from living trees because of the difficulties with
compressed ring sequences as well as possible risks of damage. After drying and
sanding the discs, he found very distinct growth rings with no evidence of

discontinuous or false rings.

In addition to recognising and counting growth rings, other issues influencing age
estimates include determining ring counts along missing sections of cores,
extrapolating age estimates to non-cored stems of stands and estimating time
taken to core sample height. Ogden (1985) has discussed some of these issues.
The problem of increment cores that fail to reach the chronological centre or pith
of the tree has been highlighted by Norton et al. (1987) with several studies
evaluating various techniques to improve age estimates from cores for totara and

other indigenous conifers (e.g., Matsui 2000; Duncan 1989).

Small stands and shelterbelts of totara have been planted in many regions
throughout the country for over a century, and many were located in a Forest
Research Institute survey undertaken in the mid-1980s (Pardy et al. 1992). In this
study, increment cores were taken from many of these stands. Unlike many
previous studies that have focussed on ring counts of mostly older trees from old-
growth forest, this investigation provided an opportunity to determine the
reliability of using rings for aging of relatively young totara stands. The aim was
to use increment cores from plantations of known age less than 100-years-old to
verify reliability of ring counts for estimating age. This would assist in the aging
of young natural stands of totara regenerating on farmland of unknown age to
determine growth rates and time taken for such stands to develop into a potential

future timber resource that has been addressed in Chapter 6.

4.2 OBJECTIVES

The objectives are:
. to determine the reliability of using growth rings for recording annual

growth of totara using trees of known age;
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o to provide a description of a distinct growth ring that will improve age
estimation of young totara stands using increment cores;

o to refine existing techniques for using growth rings where cores have
missed the chronological centre of the tree and to allow for time taken for
trees to reach coring height;

. to determine if selected site and stand factors influence reliability of ring
counts as measures of age; and,

o to examine the applicability of these methods to determining the age of

young naturally regenerating stands of totara of unknown age growing on

farmland.

4.3 METHODS

4.3.1 Planted stands used for sampling

Increment cores were taken from 11 stands of totara, 10 located in the North
Island and one in the South Island (Figure 4.1). All stands had been assessed as
part of a survey of indigenous trees undertaken in 1985-86 (Pardy et al. 1992).
The stands were revisited 10-12 years later for remeasurement of growth plots
and for collection of increment cores for growth ring studies where permission
from landowners or managers had been granted. Permanent Sample Plots (Ellis
and Hayes 1997) were also established in each stand to determine stand density
and growth. The stands ranged in age from 9-90 years at time of sampling. Stand
details are given in Table 4.1, while brief descriptions of the site and climatic
information are given in Appendix 4.1. Eight stands could be described as well-
stocked with densities ranging from 1000 to 2500 stems ha"'. Two stands were

relatively open-growing and one planted as a shelterbelt.

4.3.2 Extracting cores

Cores were taken from stands at different times of the year, depending on when
stands were being visited for assessment. Although the aim was to collect cores
from a minimum of 10 trees, this was not achieved for all stands. There were only
a limited number of suitable trees for coring on some sites, and the owners or
managers of other sites would not allow more than a few cores to be taken. The

number of cores used for reading. growth rings, therefore, varied from 4-32 trees
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per stand (Table 4.2). Stems representing the range of diameters of canopy trees
within each stand were selected for increment coring. Heights and diameters of

sampled trees were recorded.

Table 4.1: Stand characteristics of each plantation for well-stocked stands
and low-density stands.

Location Stand type Age Stocking Mean MAI Mean
(years) (stems DBH* DBH height
ha) (cm) (mm) (m)

Well-stocked stands

Tapapkanga Plantation 9 2500 8.0 8.9 44
Holt’s Forest Plantation 33 1975 154 4.7 9.3
TeKaraka Plantation 50 1100 19.6 39 12.0
Pukekura (Area 1) Plantation 62 1078 35.6 5.7 18.6
Purau Plantation 86 1100 2717 32 11.2
Prior Plantation 88 1000 36.5 4.1 17.2
Puhipuhi (1925sph) Plantation 90 1925 259 29 20.0
Puhipuhi (1275sph) Plantation 91 1275 35.0 39 229
Shelterbelt or low-density stands

Kamo Shelterbelt 44 - 399 9.1 17.0
Pukekura (Area 6) Low density 72 - 529 1.3 17.7
Pukekura (Area 7) Low density 83 - 54.4 6.6 21.0

* Diameter at breast height (1.4 m).

Techniques used to sample cores were similar to those described by Norton
(1998). Depending on the diameter of the bole, a 20, 30 or 35 cm long increment
borer was used to extract a 5 mm diameter core from each tree. With the
exception of one stand, all cores were taken at breast height (1.4 m above ground).
At Tapapakanga, the youngest stand sampled, trees had small diameters with
branches to below breast height and cores were, therefore, taken at 50 cm above

ground where boles were relatively branch-free.
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Figure 4.1: Location of the 11 planted stands of totara where increment cores
were sampled. Two stands were located at Puhipuhi and three stands were

located at Pukekura Park.

Cores were taken from the uphill side of trees when stands were on slopes.

Irregularly shaped trunks such as those with asymmetric boles or forking at breast

height were avoided. Cores were placed to avoid obvious irregularities in the bark

such as branch scars.



Chapter 4 — Determining age using growth rings

Page 71

Table 4.2: Increment cores sampled and growth ring visibility scores for each
planted stand of totara based on those cores categorised as having distinct

growth rings.

Location Total Total number | Mean growth | Number of Percentage
number of of cores ring visibility distinct' number of
cores read score (1-5)* cores read | distinct’ cores
sampled per stand

Well-stocked stands
Tapapkanga 12 12 1.0 0 0
Holt’s Forest 6 6 4.8 100
TeKaraka 18 16 4.1 12 67
Pukekura (Area 1) 10 10 34 5 50
Purau 14 11 32 4 29
Prior 6 5 3.0 2 33
Puhipuhi (1925sph) 32 24 35 12 38
Puhipuhi (1275sph) 31 22 2.7 6 19
Shelterbelt or low density stands
Kamo 8 7 2.6 1 13
Pukekura (Area 6) 4 4 2.0 0 0
Pukekura (Area 7) 6 5 2.4 1 17
* Growth ring distinctness score: 1 = indistinct, 2 = slightly distinct, 3 = moderately distinct, 4 =

distinct, 5 = very distinct.

f Growth ring clarity based on distinctness score: Indistinct = scores 1, 2 & 3; Distinct = scores 4 & 5.

The pith did not always occur in the geometric centre of the bole and it often
proved difficult on larger stems over 15 cm diameter to locate the pith or
chronological centre, as described by Norton et al. (1987). In a few cases, a
second core was taken when the initial core missed the pith by a large margin.
After cores were extracted, holes were filled with petroleum jelly to prevent entry
of water and insects, although this practice was discontinued in later sampling as
recommended by Norton (1998). Cores were temporarily stored in taped-up

plastic drinking straws and identified by stand and tree number.

4.3.3 Preparing increment cores
Cores, including the bark, were extracted from the straws and glued into shallow-

grooved wooden blocks using PVA resin glue. The grain of each core was
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orientated vertically to allow a transverse view of the growth rings. Cores became
increasingly brittle as they dried out in storage and hence required the stable
block-mounting for sanding and ring counting. The exposed upper section of the
core was sanded, firstly with a motorised belt sander to obtain a 4-5 mm wide flat
surface, and secondly by hand using progressively finer grades of sandpaper,
ending with a 320 grit paper to gave a smooth surface for reading of growth rings.
A light covering of wood polishing oil was rubbed into the core to enhance early

and latewood bands.

Of the total 147 cores sampled from the 11 stands, 82% were used for the
counting of growth rings (Table 4.2). Cores were discarded for a range of reasons.
These included cores where the pith of the tree was estimated to be greater than
40 mm from the core, where the outermost part of the core with bark had been
lost or where the cores had knots or other irregularities that made ring counting
difficult.

4.3.4 Identifying and counting growth rings

The use of a low-powered stereo-microscope with a magnification power of 5x
and 10x proved most effective in counting growth rings on most cores. The higher
magnification was required where growth rings were less distinct or were very
narrow. Incident light from one direction provided greatest contrast of rings. Ring
counting by the observer was done without knowiedge of the true age of the trees
sampled. Considerable effort was involved in determining a consistent approach
to recognising and counting of growth rings. Poorly briefed observers gave
inconsistent results during initial ring counting sessions. Ultimately, all cores

were read by the author using guidelines for identifying rings described below.

The descriptions of normal ring boundaries and false rings of Norton and Ogden
(1987) were used to assist in identifying ring types. In the current study, a growth
ring using the totara cores was defined as a sharply defined thin line of latewood
(Figure 4.2). Although the colour of this line varied considerably both within
cores and between cores, only clear lines that traversed the width of the core were
counted as growth rings. Under magnification, the lines comprised 2-3 rows of

tracheids that were compressed and had thickened walls compared with the early
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wood which tended to have circular tracheids and paler-coloured thin walls. One
margin of the growth ring tended to be more defined than the other. The abrupt
change in cell size and colour of growth rings was particularly evident on the edge
of the band closest to the outer part of the stem where favourable conditions in
spring and subsequent flush of growth is reflected in an immediate change to the

lighter-coloured early wood.

Figure 4.2: Growth rings as defined in this study on an increment core of a
planted totara showing the thin clearly defined dark lines of latewood (scale:
1 mm between lines). Four less distinct lines marked with arrows are
considered to be false rings. Outermost part of the section (bark) is on the
right hand side.

All other features including poorly differentiated rings, areas of gradual colour
change or amorphous areas of a single colour and texture were not counted as
growth rings. False rings tended to have gradual changes in cell size and wall
thickening and hence colour on both margins of the band in contrast to a normal
growth ring where there is a pronounced change in cell size and width of cell wall
towards the outermost end of the core. Examples of increment cores illustrating
growth rings and false rings are shown in Figures 4.2 and 4.3, fusing of two rings
into one (wedging) in Figure 4.4 and vague sections of indistinct rings in

Figure 4.5.
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Figure 4.3: At least three false rings showing less distinct margins on either
side on a section of an increment core from a planted totara stand that has
undergone a period of fast-growth (scale: 1 mm between lines). Three distinct
growth rings with an abrupt boundary closest to the bark of the tree (right
hand side).

All cores were placed into one of five categories depending on visibility of late
and early wood bands. These categories where based on taxonomic descriptions
for classifying growth ring boundaries for gymnosperm woods described by
Meylan and Butterfield (1978) as follows:

1 = indistinct,

2 = slightly distinct,

3 = moderately distinct,

4 = distinct, or

5 = very distinct.
Often rings were variable in clarity along the length of the core. In such cases, the
dominant category was used to classify the whole core, although where indistinct
sections were considered to compromise a realistic ring count, cores were
classified toward the indistinct end of the continuum. Some subjective judgement

in classifying cores was unavoidable.
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Figure 4.4: Wedging, or where two rings fuse into one (see arrow), are visible
on an increment core taken from a relatively fast growing tree in a planted
totara stand (scale: 1 mm between lines).

Figure 4.5: Sections of areas along an increment core of a planted totara
where no clear growth rings could be detected (scale: 1 mm between lines).
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4.3.5 Adjustment for cores missing the pith

Techniques for making adjustments to the growth record when cores missed the
chronological centre of the tree first involved estimating the location of the pith.
Using a method modified from Lui (1986), a line was drawn tangential to the last
ring arc on the innermost part of core. The pith or chronological centre of the tree
was assumed to be located along a line drawn perpendicular to the tangential line.
A method described by Applequist (1958), involving the overlaying of a clear
cellulose acetate with a pattern of concentric circles that best matched the arcs of
growth rings on the innermost part of the core, was then used to locate the tree
centre. This is similar to a method described by Norton er al. (1987) who used a
compass to trace the arcs of inner rings to indicate the location of the
chronological centre. The length of the missing core was then measured from the
edge of the core nearest the pith to the estimated chronological centre (a in Figure
4.6). As Norton et al. (1987) cautioned, this method may only be relatively
accurate when the core passes very close to the chronological centre. Therefore,
cores taken from larger trees within older stands, which had missed the pith by
greater than about 40 mm, were discarded. Cores taken from smaller trees

generally passed within 30 mm of the pith.

e

2
¢

Pith or
chronological
centre

Figure 4.6: A geometric method was used to estimate the number of growth
rings along the missing length of each core.
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A simple geometric method was used to estimate the number of growth rings
along the missing length of each core. The method requires the length of the
missing core a, and the width of the innermost 10 rings b (Figure 4.6). If the
number of rings in the missing length a is n, then the number of rings in the radius
¢ must be n+10. Assuming a constant growth rate over the period covered by the
radius c, the ratio of the lengths a to ¢ must equal the ratio of the numbers of rings

n to n+10. From this, the value of n can be readily obtained:

a_ _n
¢ n+10
10a
n=
c—a
10a

n=——————
Na’+b* -a

This was added to the total ring count from the core.

This method is similar to the geometric model of Liu (1986) for estimating the
pith position and number of missing rings. However, Liu’s method requires very
accurate measurements of growth ring angles on the core to establish the pith
position. Transparent overlays were found to give far greater precision than Lui’s

method.

The method refined in this study is also similar to that of Duncan (1989) where a
geometric model was used based on theoretical increment cores drawn on sanded
discs of kahikatea trees estimated to be 400-500 years old. The method also
involved accurate measurements for estimating the distance to the missed
chronological centre based on the largest growth ring arc visible in the 5 mm core

section.

4.3.6 Age to breast height
An allowance for the time taken for trees to reach the height at which the

increment core was taken (1.4 m for all stands except Tapapakanga) was
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incorporated into age calculations. Seedling height at planting of about 50 cm was
assumed. A growth rate of 10 cm in the first year after planting and 20 cm per
annum for subsequent years was also assumed. In podocarp tree species on
upland sites on the central North Island, growth rate in the first year after planting
is slow, but then increases to about 20 cm per year (Beveridge et al. 1985).
Although recommendations since ¢.1980 advocate the planting of taller seedlings
60-80 cm high (e.g., Forest Research Institute 1980a), planting heights for many
early plantings tended to be less so a planting height of 50 cm is a reasonable
assumption. Many of the plantations used in this study are on lowland sites where
faster height growth rates of 40-50 cm are expected. However, most planting of
indigenous tree species have often been poorly managed soon after planting
(Pardy et al. 1992). Poor growth rates in early years due to competing weed
growth where seedlings have not been adequately released for 3-5 years after
planting and impacts of browsing by animals on young seedlings are often a
feature of planted podocarps. Given the above assumptions, trees would reach 1.4
m five years after planting and, therefore, was added to the increment core ring

count to provide an estimate of age since planting.

An alternative method for estimating growth to coring height that used ring
counts from cores with distinct rings and which had passed through the pith was
tested. This method assumes one ring equates to one year of growth. However,
samples from six stands that had a small number of cores that passed through or
within 1 mm of the pith, produced underestimates of stand age ranging from an
average of 6 years for three stands and 9, 13 and 22 years for the other three
stands. Although some stand underestimates were close to the five years used in
this study for time taken to coring height, this method was somewhat variable and

was not used here to improve age estimates.
44 RESULTS

4.4.1 Visibility of growth rings
The mean growth ring visibility score indicated there is considerable variation in
the clarity of growth rings between stands (Table 4.2). However, most stands had

at least some cores with easily identifiable growth rings along the length of the
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core as defined for this study. The best stands were Holt’s Forest near Napier and
Te Karaka near Gisborne with mean visibility scores exceeding four. The stands
where growth ring clarity was poor with a mean score of less than three were
Tapapakanga, Kamo, Pukekura (Area 6) and Pukekura (Area 7), and the lower
density stand at Puhipuhi. All three low-density stands had poor ring clarity.
These relatively open-grown plantings had formed large-crowned bushy trees
compared with slower growing and relatively small-crowned trees in most of the
other stands established as plantations. The three low-density stands had mean
annual diameter increments exceeding 6 mm per year as did the Tapapakanga
stand (Table 4.1). Some cores taken from fast-growing large diameter trees
showed wedging of rings and lobate growth, similar to that reported for totara by
Dunwiddie (1979).

For simplicity, cores in classes 4 and 5 were classified as ‘distinct’ and those in
classes 1, 2 and 3 were classified as ‘indistinct’. The percentage of distinct cores
varied widely from 0-100% across all well-stocked stands. The small sample of
shelterbelt and lower density stands had 0-17% of cores classed as distinct. Ring
visibility was often less distinct in the outermost sections of the core compared
with darker sections closer to the tree centre. Consequently many cores were
categorised as indistinct due to identification difficulties over only a small outer

section.

The cores taken at 50 cm height from the youngest stand at Tapapakanga (aged
nine years) were particularly difficult to read (Table 4.2). All 12 cores sampled
from widely dispersed trees over the 1 ha planting site displayed a consistent
pattern of growth rings. The first 5-6 rings from the pith were clear, but there were
no clear growth rings discernable over the outermost section of the cores (Figure

4.7). The cores from this stand were therefore not included in further analyses.

In contrast to faster growing stands, the <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>