MANAGEMENT OF AN EXPLOITED
TAWA FOREST
R. K. USMAR*
SYNOPSIS
Trial improvement of an exploited tawa forest by selection felling,
and by planting and tending operations indicates how similar forest
can be managed in the future. Essential growth and ecological studies
have been initiated.
Introduction
-' • •Throughout the central North Island there are 571,000 acres of
forest numerically dominated by tawa with various mixtures of other
hardwoods and with scattered emergent podocarps arid rata. Over half
of this area has now been exploited. Early logging creamed these
forest areas for the podocarps and frequently for mangeao. Changing
economic conditions and markets have resulted in a gradual intensification in utilisation until today the forests, although subjected to
short-term market fluctuations, are intensively logged for most species
and are usually left desolated.
The indigenous portion of Rotoehu Forest, situated north of Lake
Rotoehu, has been chosen as an experimental area to find out whether
such exploited forest can be managed so as to utilise the increment
and improve the forest structure, thus justifying its retention for
forestry. The alternatives to such management are either:
(a) locking up the area indefinitely, thus retaining a forest structure
of sorts but forfeiting the productive potential of the land, or
(b) clear felling followed by management as an exotic forest or as
farmed grassland.
In view of the large area of potentially manageable tawa forests of
structure similar to that at Rotoehu Forest, results obtained locally will
have extensive general application. Table I gives detailed information
on distribution, exploitation and land tenure of these central North
Island forest areas.
History of Exploitation
Exploitation of Rotoehu Forest began in 1936, was given impetus
during the war and continued until 1958, by which time all the
indigenous area to be retained as State Foresty some 9,000 acres, had
been cut over. The intensity of utilisation followed the trend outlined
above wttji the bulk'of the forest, i.e. that logged prior to 1947, left
in the lightly exploited category. In latter years post-splitting operations
followed logging, causing further deterioration of both forest structure
and forest climate. The earliest sale of produce reflects the attitude Jn
* Forester, Rotoehu -State forest. •'••
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1935 toward tawa and allied hardwoods. The report stressed the
quality of rimu, which comprised 9 3 % of the 3,700 bd. ft. of milling
timber per acre, whilst stating that tawa, averaging 2,500 bd. ft. per
acre, was too poor to log. Soon after logging commenced the purchasers asked if they might be permitted to cut some of the excellent
tawa on the area. Initially extraction was by hauler, but on account
of the generally easy terrain all logging since 1939 has been by tractor.
During the war, when a large area of the forest was exploited, some
areas handy to the mill were reworked to remove further tawa.
Since the forest was brought under a working plan in 1950 exploitation has been confined to the virgin forest, the remainder being "locked
up " until its future could be decided following management trials.
Spasmodic attempts have been made since 1944 to interplant and
underplant with exotic and indigenous species, either immediately or
long after logging. Since 1956 planting efforts have been intensified.
In 1959 the Tunnicliffe Timber Company commenced reworking,
under a true selection system, 50 acres of the area they had selectively
logged in 1936-7. Thus on an experimental scale at least, the second
felling cycle has commenced.
Forest Structure and Inventory
The northern species (puriri, tawari, and mangeao) and the
southern species (kamahi) are near the limits of their respective
geographic ranges, which partially explains their mixture and their
frequent unthriftiness. The overall structure is that of a naturally
occurring selection forest.
The present forest structure is very variable, partly in consequence
of the different intensities of logging. It ranges from stands of high
quality to worthless areas of either pioneer species, prolific since exploitation, or kamahi patches which are thought to be the results of
ancient land clearing by the Maoris. Tawa is the main species, and is
associated with frequent rewarewa throughout. Kohekohe is restricted
to upper slopes and plateau sites, where in places it may form almost
pure stands. Hinau, mangeao, pukatea, titoki, tawari, and large emergent rata are scattered throughout the forest. Remnant podocarps
(tanekaha, rimu, and miro) as well as puriri are rare, the tanekaha
appearing usually in clumps on spurs. Kahikatea and very rare matai
occurred in the forest but none are known to exist now.
The form of tawa, rewarewa, and tanekaha is good to excellent, the
tawa having a high percentage of clean white grades in all but the
biggest trees. Tawa grows straight and vigorously under moderate shade
but usually forks and develops poor form when its crown is interfered
with as it reaches into the overhead canopy. The habit of amalgamation
exhibited by tawa trunks is frequently the cause of internal shakes and
bark seams. Two types of tawa with consistent differences in bark,
wood, and resistance to decay grow in the forest. Mangeao, pukatea,
hinau, kohekohe, and the podocarps vary in form from good to poor,
and are frequently leaning, while all may have extensive rot.
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Kamahi is the most abundant of the non-timber species, occurring
mainly on spurs and ridges but frequently forming almost pure clumps
with a small diameter range and a very sharp type boundary. Makomako, mahoe, rangiora, fuchsia, maire, mapou, and tree ferns are
scattered throughout and readily invade gaps created during logging.
TABLE 1. CENTRAL NORTH ISLAND POTENTIALLY
MANAGEABLE TAWA FOREST SIMILAR TO
THAT AT ROTOEHU FOREST
By Districts
District
Kaimai Range
M a m a k u Plateau __. _
R o t o r u a lakes district, M a t a hina
Northern Urewera
__..
East C a p e — G i s b o r n e
K i n g C o u n t r y — Wa nganui
Totals
Class of
Forest
Virgin
Lightly exploited _._.
Heavily exploited .._.
Total

Worked
38,000
126,000

10,000
104,000
12,000
94,000

54,000
7,000
4,000
61,000

64,000
111,000
16,000
155,000

281,000

290,000

571,000

By T e n u r e Classes
Crown
FreeState
Land
hold
Forest
109.000 11,000 50,000
79,000 35,000 94,000
4,000
—
3,000
192,000

Acres
Total Area
63,000
162,000

Virgin
25,000
36,000

Maori
Land Reserves
44,000 67,000
72,000
—
2,000
—

46,000 147,000 119,000

67,000

Acres
Totals
281,000
280,000
10,000
571,000

(Total acreages correct to nearest 10,000 acres except total area of
heavily exploited which is correct to nearest 1,000 acres. Data correct
as at 31 March 1955.)
NOTES
1. Central North Island is taken as all land lying between a line drawn
from Katikati to Raglan and a line drawn from Napier to Wanganui.
2. Only types the same as or similar to those at Rotoehu Forest have
been considered, namely, all D types (scattered podocarps and rata
over tawa and various mixtures of other hardwoods), and occasional
M types where transition to D is well advanced. Types such as
dense podocarps with sprinkling of tawa, pole tawa alone, and tawabeech forests have been omitted (McKelvey and Nicholls, 1957).
3. All areas of forest considered were merchantable by the N.F.S.
standards for access and volume and therefore should be theoretically manageable, i.e. if access is available for extraction of produce
it would also be available for management purposes.
4. Protection forests have been excluded even though carrying potentially merchantable and manageable forest.
5. The heart of the North Island, i.e., Taupo, Ruapehu, Kaimanawa
Range, southern Urewera, and Hawke's Bay has no tawa worth
mentioning in this context.
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Nikau palms are frequently locally : abundant on the eastern and
western edges of the forest. Supplejack is frequent but is not a
menace, whilst rata is the only important vine, occurring on old rimu,
tawa, hinau, rewarewa, and mangeao. Kiekie is epiphytic on many
older trees.
Advance growth of timber species is also much varied, with some
excellent groups of sapling and pole tawa and rewarewa, but generally
with only a scattering of seedlings over a fairly clean forest floor. In
the seedling stage rewarewa greatly outnumbers tawa but this dominance does not carry through to the pole and mature-tree stages. Kohekohe seedlings are profuse in the higher elevations in association with
parent trees. Deer, pigs, opossums, and cattle are depleting this advance growth through trampling and browsing, a net loss of 3 3 % of
seedlings occurring in 6 plots in lightly exploited areas and of 19%
in seedlings occurring in 4 plots in heavily exploited areas between the
winters of 1957 and 1958. Apart from mangeao, all timber species
require some shade to regenerate well but rimu, which has no potential
in the forest, may occasionally form scattered patches of saplings and
small poles, frequently multi-leadered, at the forest edge.
The graph quickly demonstrates the important pattern of diameter
distribution for timber species > and for kamahi in lightly exploited
forest. The source for the graph/ and for the volumes that follow is a
32-acre, 100% assessment wherein every tree over 4 in. d.b.h, was
measured; all trees over 28 in. d.b.h, have been grouped in the 30 in.
class.
The merchantable volumes per acre of this assessed stand are:
cu. ft.
%
Tawa
1,951
82
Rewarewa
175
7.3
Kohekohe
__:_
103
4.3
Hinau
' ____
70 '
2.9
50
Mangeao
2.1
Pukatea ____
34
1.4
Total '_.__

2,383

J.

100

For convenience the entire indigenous working circle has been
divided into compartments and some of the extensive overgrown
logging roads have been reopened. Compartmentation follows the old
sawmill areas. Although it is not ideal topographically, this plan has
the merit of automatically delimiting areas according to the date and
intensity of earlier exploitation, two factors which greatly influence the
present forest structure.
Selection Forest Management
After extensive investigation plus the above-mentioned 100% assessment, a trial manipulation of the forest is in progress to find out
whether sustention is possible. A selection .system is being, used
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Fig. 1. Diameter distribution of species.
whereby a third of the merchantable growing stock is removed during
each cutting cycle. Finer points of selection-system working are being
left until the inevitable initial difficulties have been solved and badly
needed information obtained from the extensive recording programme
which has been undertaken.
Fifty acres of forest, creamed for podocarps and mangeao in 193637, form the trial area. This area is a deeply dissected plateau with
very good stocking of tawa and allied leaf trees on spurs and upper
sidlings, and irregular stocking on lower slopes but containing little
merchantable timber in the gently sloping valley bottoms. Stumps
from the earlier logging are scattered throughout, the biggest stumps
being in the valley bottoms where up to 30,000 bd. ft. per acre were
removed. Criteria for felling, designed to remove a third of the
2,383 cu. ft. of merchantable volume per acre, were firstly, whether the
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tree could be felled without unduly harming surrounding good patches
of young growth of timber species and secondly, whether the tree is likely
to die or become decadent before the third cycle of felling occurs
about 1990. At all times the maintenance of a high canopy was sought,
as tall tawa of good form is obtained only under true forest conditions. With experience it became easy to select for felling those trees
that would not harm young groups of timber species as they fell or
during extraction. Frequently the trees could be felled into areas of
worthless pioneer species that had invaded gaps created in the initial
(1936) exploitation. Thus recleared, these gaps and those formed
during extraction will be planted with indigenous and exotic species
to improve the future forest structure. Inevitably this first true
selection working entails a good deal of clearing up to promote stand
improvement. Thus many more decadent and leaning trees, with a
proportionately high incidence of defect, will be removed in the current
operation than in future cycles. Owing to the experimental nature of
the work and the need for felling gangs to adjust themselves to selection working, minimum stumpage is being charged for all produce
being extracted. This allows a big margin for extra costs in delivering
logs to the skids. At present there is no market for mangeao, rewarewa, and pukatea so these species are not being taken.
Roading operations did no harm whatsoever, as the old overgrown
hauling tracks were easily reopened by pushing aside the entanglement
of worthless pioneer species. Snigging tracks were kept to a minimum,
and where possible avoided good clumps of young timber trees. These
snigging tracks form convenient access routes to ridges etc. so will not
be planted but left to provide permanent access.
With the peculiar growing habit of tawa, which coppices and frequently amalgamates several stems into a single tree, it is thought that
young stems left growing on or beside cut stumps will be able to take
over part of the extensive root system of the felled tree. This factor
frequently helped to decide which tree should be felled as removal
of a tree with a vigorous side stem did not reduce the general canopy
height unduly.
The bushmen have proved very cooperative, both in felling so as
to avoid, where possible, harming trees of the future, and in removing
the minimum of coppice stems consistent with easy logging. The bulldozer used for track making and extraction has proved the biggest
worry, but damage by barking, pushing over good poles, and crushing
regeneration is controllable to some extent when the driver is conscious
of his responsibilities. The cooperation and support given by the
owners of the Tunnicliffe Timber Company should not go unrecorded.
The logging of this trial area is now completed. The logging company is happy about the scheme and wishes to continue selectionsystem working indefinitely. Thus one of the primary objects, that of
convincing the purchaser that selection working is practicable and in
the long-term view desirable, has been achieved. The principle of
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extensive rather than intensive logging operations has been accepted.
For future extension of this work it is most desirable that long-term
proposals be agreed upon so that the forester can plan his selection
management programme and the sawmiller can adjust his organisation
to cope with a sustained yield of forest produce. The close proximity of
the Tasman Pulp and Paper Company with a large potential future
market for hardwood chips will introduce a major economic factor to
later operations.
Experimental enrichment planting will follow this logging to help
the indigenous tree species. Cutting vines and lianes and poisoning cull
species will be tried to find out if this will also improve the forest.
It remains now for the forest to demonstrate that removal of a third
of the merchantable growing stock, interference with the forest canopy,
induced changes in forest climate, and introduction of exotic species
will be more than compensated for in the next 30 years by improvement in the form and the floristic and age-class distribution of future
stands.
Planting
The objects, methods and achievements of planting already carried
out in the indigenous forest provide a guide for future enrichment and
stand-improvement techniques.
The first planting was in 1944 and 1945, when kahikatea were underplanted beneath cut-over forest and second growth. Underplanting of
macrocarpa followed in 1947 and of a few kauri in 1954. Survival
is still fair to good in all areas but most trees remain small, being
checked by the overhead canopy and the associated shade. In 1955,
two small areas on the forest margin containing a good sprinkling of
rimu poles were planted with several species of eucalypts and with
radiata pine, with the object of recreating forest conditions for the
rimu. This was the first interplanting, but although it showed that
interplanted trees become established more quickly than underplanted
ones, the experiment, being at the scrubby forest margin, was of little
value in showing how the main forest matrix should be treated.
In 1956, shortly after logging finished, 93 acres were sparsely interplanted with several eucalypt species. Planting was done in clear-felled
areas, along snig tracks, and at logging skids. Stocks used were very
small; this fact coupled with the haphazard spacing made subsequent
location for blanking and releasing impossible. Survival was fair, but
the main lesson learned from this work was that planting must be
systematic so that trees can be blanked and properly tended when
required.
In 1957 three areas were sparsely planted with shade-bearing exotics
and two species of eucalypts. The objects were to rapidly replace the
scattered emergent cover previously provided by the podocarps and
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to encourage early regeneration of tawa and associated hardwoods by
short circuiting the succession through pioneer species that normally
follows logging. Whilst this planting will also provide an enrichment
of sawlog species it is stressed that the work was not intensive and
was distributed so as not to overwhelm the indigenous forest matrix.
Group planting was used throughout and although the groups, of 13,
25 and 37 trees, are yet young, this method has proved its value for
establishment, as trees were very easily relocated for blanking and
release cutting. Spacing within the groups was nominally 4 X 4 ft.
(a) Twenty-three acres of an area that had just been heavily exploited
were group planted along and beside snig tracks to break up the mass
of makomako, rangiora, and fuchsia that normally invades after such
heavy soil disturbance and precludes tawa regeneration for at least a
decade, (b) In a stand lightly exploited in 1941, bulldozed gaps were
made in areas where scrubby timber, undesirable species or partial
openings occurred, and the gaps were group planted, (c) A third area
of similar site, in which the overhead canopy was poisoned, was also
group planted.
Survival in all the 1957 interplanting has been excellent except for
the eucalypts (E. microcorys, E. botryoides) and western hemlock.
Growth has been varied but in places surprisingly good. The underplanting beneath the poisoned canopy (which was not completely
killed) has not resulted in good growth, the shade being too dense.
Western red cedar is the most promising species so far, with Japanese
cedar and redwood generally very good but not uniform. Whilst these
shade-bearing species have responded well to the forest climate in
which they were established, Tortrix and looper caterpillars have
caused trouble among them and even more so among the ever
promising but so often disappointing eucalypts. Californian Douglas
fir, western hemlock, and kauri have all been severely browsed.
Release cutting is not usually necessary for one to one and a half years
when planting immediately follows logging.
Thus the planting experiments so far have shown that underplanting
is unsuccessful, whilst interplanting, especially in groups, holds high
promise. The groups designed to provide small compact clumps of
trees, where they consist of shade-bearing species, benefited in the
establishment phase, from both the surrounding forest and the local
absence of canopy.
Fact Gathering
There is a complete absence of long-term measurements of either
the growth of this type of forest or its reaction to exploitation, browsing, or locking up. Attempts at management are greatly hindered by
this lack of basic information. Therefore a fairly intensive programme
of investigation, mensuration, and recording has been undertaken. As
this work has been operative for too short a period to provide many
facts it is only briefly described to show the coverage obtained.
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T. Ransfield, Forest Research Institute
Fig. 2. Selection logging avoiding damage to nearby good young growing
stock.

Transects. Three permanent belt transects were established in 1957
to sample areas of light, moderate, and heavy exploitation. Within
each transect, of 1 to 1.2 acres, every tree over 4 in. d.b.h, was scribed,
measured, numbered, and its position plotted. Three or four pole plots
within each transect sampled all poles down to 1 in. d.b.h. In a similar
number of milacre seedling plots in each transect all seedlings present
in 1957 were branded and where possible measured; the plots are
reassessed for deaths, new seedlings, and seedling growth each winter.
As these transects will be permanent it will be possible to study over
a long period the ecological trends, the growth of tawa and associated
species, and the survival and progress of regeneration.
Cruciform Plots. In group planted areas a series of cruciform plots
(Holloway and Wendelken, 1957) have been established to check the
effect of the planted groups on the surrounding indigenous-forest
matrix. Growth of both trees and regeneration within the cleared area
and up to a chain into the surrounding forest are thus recorded in
quickly established plots. The reaction of the selection-management
area will be assessed with this type of plot.
Type Map. A systematic line-plot survey to traverse all the old
sawmill areas is partly completed. The object is to construct an accurate ecological type map to encompass the varying intensities of
logging over the last 23 years.
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Owing to lack of time and personnel the sampling pattern is very
small, but plots are used more to provide orientation points than to
yield a mass of volumetric data.
Miscellaneous. The mat of bared rootlets on the forest floor is often
very dense, indicating that root competition may be a big factor. To
check on this, trenches 3 ft deep were dug and refilled around selected
trees of major species. The growth of these trenched trees, which
have sole access to their own soil area, will be compared with that of
adjacent trees of similar size that are competing for soil nutrients.
Phenological observations are being undertaken by fixing pole steps
into chosen trees of major species. The object is to study seed production and distribution to see if selection felling can be related to
seed fall to facilitate regeneration; also the process of amalgamation
of adjacent tawa trunks can be studied at all heights. The pole steps,
which allow frequent quick ascents to be made, may be screwed out
as the tree grows, thus avoiding the risk of encasing the metal steps in
the tree.
The indigenous-research section at F.R.I, have undertaken some of
the research work in the forest, specifically studying the factors
affecting natural establishment and subsequent development of tawa
and associated hardwoods. Underscrubbing and ringbarking, singly
and together, have been carried out in a replicated experiment.
Conclusions
There are half a million acres of potentially manageable tawa forest
in the central North Island, approximately half of which has been
lightly exploited.
At present in these areas, increment is presumably low whilst pressure
for land is frequently high, since some of them are potentially highproducing soils.
If the forest is to remain, some system of management must be
operated so that the production potential of the land is not wasted
and the forest structure is improved.
The selection felling recently started has indicated how the forest
may be managed economically in perpetuity, providing a sustained
yield.
Interplanting in groups is the most satisfactory method of establishing new species to improve the forest structure by protection, high
shade and enrichment.
The lack of information on growth, ecological trends, seedling
vigour, and the effects of browsing has greatly hindered the experimental management work in Rotoehu Forest. In future years valuable
information will be yielded by the various plots and experiments
initiated.
Aspects such as animal eradication or exclusion, vegetative propagation of tawa, the effects of exploitation damage and the consequences
of introducing exotic species all need to be studied.
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An economic analysis of the pros and cons of managing such
forest areas should be made when sufficient information becomes
available to demonstrate what the managed forest is capable of producing and the costs and risks of conversion to other forms of land
management. By then the desirability of retaining on a national scale
an adequate area of healthy manageable indigenous forest will be
better appreciated.
Management studies have been in operation for a very short time.
Thus all results obtained so far can only be tentative.
A cknowledgements
Mr J. Nicholls, Forest Ecologist, F.R.I., is thanked for summarising
records of the areas of potentially manageable tawa forest. The cooperation and guidance of Messrs Cameron and Bunn of the Indigenous Research Section of F.R.I., especially with the planting experiments, is gratefully acknowledged.
REFERENCES
Masters, S. E., Holloway, J. T., and McKelvey, P. J., 1957. The
National Forest Survey of New Zealand, Vol. I.
McKelvey, P. J., and Nicholls, J. L., 1957. A Provisional Classification of North Island Forests. N.Z. Jour. For., 7 (4) : 84-101.
Holloway, J. T., and Wendelken, W. J., 1957. Some Unusual Problems in Sample Plot Design. N.Z. Jour. For., 7 (4) : 77-83.

Douglas fir
Fuchsia
Hinau
Japanese cedar
Kahikatea
Kamahi
Kauri
Kiekie
Kohekohe
Macrocarpa
Mahoe
Maire
Makomako
Mangeao
Mapou
Matai
Miro
Nikau
Pukatea
Puriri
Rangiora

GLOSSARY OF PLANT NAMES
Pseudotsuga taxifolia Britt.
Fuchsia excorticata Linn. f.
Eleaocarpus dentatus Vahl.
Cryptomeria japonica D. Don
Podocarpus dacrydioides A. Rich.
Weinmannia racemosa Linn. f.
Agathis australis Salisb.
Freycinetia banksii A. Cunn.
Dysoxylum spectabile Hook. f.
Cupressus macrocarpa Hartw.
Melicytus ramiflorus Forst.
Olea montana Hook. f.
Aristotelia serrata.
Litsaea calicaris Benth, and Hook. f.
Suttonia australis A. Rich.
Podocarpus spicatus R. Br.
Podocarpus ferrugineus. D. Don.
Rhopalostylis sapida Wendl. and Drude.
Laurelia novae-zealandiae A. Cunn.
Vitex lucens T. Kirk.
Brachyglottis repanda Forst.
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Rata
Rewarewa
Rimu
Supplejack
Tanekaha
Tawa
1'awari
Titoki
Western hemlock
Western red cedar

Metrosideros robusta A. Cunn.
Knightia excelsa R. Br.
Dacrydium cupressinum Soland.
Rhipogonum scandens Forst.
Phyllocladus trichomanoides D. Don.
Beilschmiedia tawa Benth, and Hook. f.
Ixerba brexioides A. Cunn.
Alectryon excelsum Gaertn.
Tsuga heterophylla Sarg.
Thuja plicata D. Don.

In 1872 the British periodical Nature made the
following caustic comment on what it regarded as "the
silly mania for 'acclimatisation' ", which, the journal
said, was at that time being "so warmly fostered by
many well meaning though ill advised persons . . .
and nowhere more than in New Zealand":
"In a reckless way animals of extremely doubtful
advantage have been transported to the antipodes, and
. . . unaccompanied by any of those checks which keep
the whole of a natural fauna balanced, the importations will inevitably become the greatest of nuisances.
. . . Among the pilgrim fathers of New Zealand who
will ultimately obtain an apotheosis, the members of
their various acclimatisation societies will, we suspect,
scarcely be reckoned."
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