
was to make resources available so that plans could be imple
mented. The capital available to the N.Z. Forest Service had 
to be divided between seven conservancies, each of which 
tended to think it had top priority! Capital is a scarce re
source, and while no head office would wish to restrict de
velopment of the organization unduly, one head office function 
is to ensure that no one receives too much capital. On the 
other hand, it is necessary to ensure that conservancies 
receive enough to achieve targets, and this is to some extent 
outside head office control. 
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THE SIGNIFICANCE OF WINDTHROW FOR PINUS 
RADIATA MANAGEMENT IN THE NELSON 

DISTRICT 

R. E. IRVINE* 

SYNOPSIS 

Golden Downs Forest, Nelson, suffered extensive blowdown 
in stands of mature radiata pine (Pinus radiata) during an 
exceptionally severe gale in April 1968. This followed con
clusive evidence of appreciable cumulative volume loss due 
to intermittent and scattered small-scale windthrow. 

This paper describes the history of wind damage and the 
site limitations in terms of soil, tree rooting and climatic fac
tors. Wind turbulence, when accompanied by rain, is held to 
be a major contributor to windthrow. Between 1964 and 1968, 
the loss from windthrow was about 5 million cu. ft, of which 
half was salvaged. Despite the fact that radiata pine was the 
species affected, it will be retained as the major species, but 
management will be modified. It is intended to reduce the rota
tion to about 30 years to limit the recurrence of serious blow
downs. Wider initial spacing and heavy early thinnings of 
young stands are proposed, the object being to produce with
in the rotation trees averaging 23 in. d.b.h. 

INTRODUCTION 
Situation 

Golden Downs Forest, which lies in the south of Waimea 
County, Nelson, straddles the upper reaches of the Motueka 
River valley and parts of the catchments of its tributaries. 
From valleys at 500 ft to 1,000 ft a.s.l., the ground rises fairly 
steeply to the main north-south ridges at 1,500 ft to 2,000 ft. 
There are limited areas of flats along the major river valleys 
and old river terraces. Thus the terrain is a series of ridges 
and valleys running generally north and south. 

History of the Forest 

Establishment at Golden Downs began in 1925 on hill coun
try that originally had been cleared of beech forest for sheep 
grazing. However, because of low productivity, it was aban
doned for this purpose and reverted to bracken and scrub. 
The area of the forest was gradually extended by acquiring 
other neglected land, including small areas of river flats, until 
by March 1968 the total stocked area had reached 44,333 
acres. Of this total, 22,913 acres was established in radiata 
pine, 8,694 in Douglas fir, 6,686 in Corsican pine, and the re
mainder mainly in other conifers. As much of the country is 

*Forester, Golden Downs Forest, Nelson. 
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steep, trees have been mainlv planted by hand, usually with 
mattocks because of the stony soil. Trees are generally set 
out at 8 ft by 8ft spacing though wider spacings have been 
adopted recently on sites where gorse has been cleared by 
machines. 

The 1968 Blowdown 

The severe tropical storm experienced over most of New 
Zealand in April 1968 caused extensive windthrow in mature 
radiata pine stands, and this created an immediate and seri
ous management problem of great magnitude. In a region 
where the timber industry, both in wood use and timber 
harvesting, had operated at a moderate level, markets had to 
be found within weeks for a three-fold increase in log output, 
and in addition the rate of salvage had to be built up. This 
emergency, more than any other event, has forced a review 
of management of radiata pine in Golden Downs Forest. 

HISTORY OF WIND DAMAGE 

Earlier Records 

Strong winds are less frequent in Waimea County than in 
most parts of New Zealand, though the system of valleys and 
ridges in Golden Downs Forest and to the south creates high 
turbulence not encountered over the flatter northern parts of 
the County. Forest journals record minor wind damage from 
1947 up to the time of the first severe blowdown in 1963. 
During this period, isolated instances of uprooting and wind
break were recorded in radiata pine stands ranging in age 
from 17 to 40 years. They were most severe in March 1948, 
when gale force wind estimated at 100 mph wrecked a fire 
lookout. Twelve compartments on the exposed side of the 
forest were damaged to some degree, the species most affected 
being muricata pine (Pinus muricata), radiata pine and Douglas 
fir, in that order. On the whole, however, damage on this 
occasion was of minor significance, the majority of the affected 
trees being stripped of their foliage, with some breakage of 
tops. 

Strong winds from the south-west have been mainly respon
sible for sporadic windthrow, although north-easterly winds 
can be damaging in unstable stands. When these winds are 
accompanied by rain, some uprooting usually results. Most 
intermittent windthrow occurred during the wetter autumn 
and winter months between March and October, and there 
is fairly strong evidence that rain is an important contributor 
to severe blowdown. 

Gales of May and June 1963 

Strong buffeting winds from the north-east accompanied by 
rain, during an evening and the following morning, caused 
varying degrees of blowdown over 360 acres of 30- to 36-year-
old radiata pine in nine compartments on the exposed side of 
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the forest, most of the affected trees being uprooted. Damage 
was confined to all commercially thinned stands exposed to 
the brunt of the gale on windward slopes. Extraction thin
nings at age 32 years had begun from two to four years previ
ously and some were still in progress at the time of the gale. 
A notable feature on this occasion was that unthinned por
tions were undamaged by the gale. It was recognized at the 
time that thinnings at such a late stage in stand development 
were silviculturally undesirable, but the possibility of a pulp 
mill in the Nelson region in the near future made it necessary 
to retain all the older age classes of radiata pine until a deci
sion could be reached on the log supply commitments of the 
forest. A proportion of the affected stands had been given a 
light malform thinning at age 12 years, but this had no effect 
on the ultimate wind stability of these stands. 

The production thinnings reduced the crop from about 300 
to 100 s.p.a., removing almost half the basal area. The top 
heights were from 110 to 130 ft. 

Cumulative Windthrow 

Before the 1968 blowdown it had been suspected that losses 
in unthinned stands of radiata pine from scattered intermit
tent windthrow — quite apart from those caused by periodic 
gales — were cumulatively serious enough to warrant pre
ventive measures, although the real importance of this had 

TABLE 1: AREAS AND VOLUMES AFFECTED BY WINDTHROW 

(a) Period 1964/1968 
Windthrow not salvaged: 

Unthinned stands 
Thinned stands ... 

Total 
Windthrow salvaged 

Total 

(b) Period 1967/1968 
Windthrow not salvaged: 

Unthinned stands 
Thinned stands 

Total 
Windthrow salvaged 

Total 

Area Affected 
(ac) 

.... 2,713 

.... 3,194 

.... 2,713 

.... 3,194 

Mean Volume 
per acre 
(cu. ft) 

644 
251 

360 
140 

Total Volume 
(cu. ft) 

1,746,900 
802,000 

2,548,900 
2,543,500 

5,092,400 

976,800 
446,700 

1,423,500 
407,400 

1,830,900 
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been masked because damage was well dispersed. Stand in
ventory data accumulated during the previous four years for 
working plan revisions and permanent growth data had 
already shown disturbing trends; stand densities in terms of 
stems per acre were lower in the middle and older age classes 
than would have been expected considering the high initial 
survivals and the apparent absence of losses from causes 
other than windthrow. This situation and the presence of 
obvious groups of windthrown trees in gully bottoms led to an 
assessment in all older stands. Completed in early 1968, just 
before the gale, this disclosed that both cumulative and cur
rent volume loss due to intermittent windthrow had been 
underestimated and was in fact highly significant in forest 
management. The summarized findings of this study, cover
ing both thinned and unthinned stands of the 1928 to 1941 
age classes are given in Table 1. 

These results indicate that volume loss due to wind damage 
was increasing in these older stands, and was not related to 
age class or to whether or not they were thinned. It was 
demonstrated that the incidence of blowdown was usually 
confined to the lower slopes and heads of gullies, where a 
wind funnelling effect might be expected. Extraction of down
ed timber may not always be economically feasible, because 
of the sometimes isolated location of blowdowns and the 
small quantities of timber involved on each occasion; it was 
inevitable that some loss had to be accepted. 

The Gale of April 1968 

The tropical storm which affected most of New Zealand 
in April 1968 was exceptionally severe. However, Waimea 
County escaped fairly lightly by comparison with elsewhere. 
Despite this, from the evening of 19 April to the afternoon of 
20 April gale force winds, accompanied by heavy rain, caused 
widespread windthrow in the older age classes of radiata pine. 
Apart from minor blowdowns on flat river terraces, other 
species were relatively unaffected. In contrast to experience 
with previous gales, unthinned and thinned stands were 
equally damaged. Windthrow was dispersed and no whole 
compartment was affected. Damage was more pronounced on 
Iee slopes, which is attributed to greater wind turbulence 
there. An eye-witness account of a thinned stand of radiata 
pine planted in 1936 reads: "During the night the trees swayed 
backwards and forwards in a strong north-east gale. About 
7 a.m. the wind changed to the south and successive gusts 
brought down groups of trees, until by 11a.m. it was all 
over". This refers to one of the most severely damaged com
partments; lying to the east of the forest on a Iee slope, it 
could be expected to be most affected by turbulence created 
by strong south-westerly winds. The greater part of the blow
down occurred in the oldest (1927/1928) age classes, as shown 
in Table 2. The only atypical damage was to a 21-year-old 
stand that had been thinned by poisoning to a residual 280 
s.p.a.at age 10 years. It had a mean top height at the time of the 
gale of only 88 ft. However, an adjoining older stand had 
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TABLE 2: AREAS WINDTHROWN IN APRIL 1968 BY AGE CLASSES 
AND STAND TREATMENT 

Age Class 

1921-25 
1926-30 
1931-35 
1936-40 
1941-45 
1946-50 
1951-55 
1956-67 
Totals 

Area 
(ac) 

54 
3,847 
1,425 
1,197 

402 
807 
798 

14,383 
22,913 

Area Windthrown Assessed 
April 1968 

Total 
(ac) 

462 
303 
126 

33 

924 

Total 
(ac) 

749 
459 
204 

47 
2 

1,461 

on — 
March 1969 

Thinned Unthinned 
(ac) 

275 
75 
94 

444 

(ac) 

474 
384 
110 

47 
2 

1,017 

% Wind
thrown 

Nil 
19.5 
32.2 
16.9 
Nil 
5.8 
0.1 

Nil 

suffered extensive windthrow, which exposed the younger 
stand to the brunt of the gale. 

FACTORS RELATING TO WINDTHROW 

Soils and Rooting Systems 

The present established area of forest is on Moutere gravels, 
which occur extensively in Waimea County. Though these 
soils, formed on weathered gravels, have low levels of the 
main plant nutrients — and thus are often uneconomic to 
develop for agriculture — they have proved suitable for most 
of the exotic tree species that have been grown. Large acre
ages of radiata pine have been planted successfully by the 
State and private owners on these soils. 

It is considered advisable to discuss soils and rooting sys
tems jointly, since the gravel soils are now recognized as 
inducing shallow rooting of radiata pine. Until recently the 
Moutere gravels had been considered capable of supporting 
relatively stable plantations of exotic conifers. The first wide
spread windthrow in 1963 did not give rise to any serious 
doubts about wind-firmness of radiata pine, since the blow
down was considered to be more a result of silviculturally 
undesirable late thinnings than of any other factor. The 1968 
gale dispelled any doubts about the relationship of wind
throw to soils. Shallow rooting was prevalent among the 
uprooted trees inspected, as indicated in Fig. 1. Since this was 
also typical in blowdowns at Eyrewell (Wendelken, 1966) 
and Tapanui (Chandler, 1968), it was at first assumed that the 
cause was the same: impeded root penetration. However, 
closer examination showed that the ends of the larger ver
tical roots did not exhibit the typical signs of atrophy or 
bruising associated with an impervious compacted soil layer. 
The main rooting systems average from 6 to 8 ft wide and from 
3 to 4 ft deep, while a mat of fibrous roots grows out of the 
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FIG. 1: Shallow rooting on Moutere Gravels. April 1968 gale windthrown 
radiata pine tree age 41 years; Compartment 14, Golden Downs Forest. 

(Photo: J. H. Johns) 

main lateral and vertical roots. Although root development 
appears healthy and normal, it closely resembles that found 
at Eyrewell and Tapanui. However, there is no zone im
permeable to tree roots in these soils in their natural state 
nor, so far as is known, is one induced by podzolization asso
ciated with soils supporting coniferous forest. E. T. Chitten
den of the Cawthron Institute, who was consulted on the pos
sible behaviour of tree roots on the Spooner soil type, points 
out that the soil analysis has shown that the main available 
supply of nutrients is restricted to the upper soil layers; this 
alone would induce a shallow rooting system, since plant 
roots seek out available nutrients at whatever depth they 
occur. 

In a typical soil profile, there is a thin humus layer in the 
"A" horizon but little differentiation into separate horizons 
at greater depths. Chemical analyses of the main gravel soil 
types found in the forest (Chittenden et ah, 1966) show clearly 
the concentration of nutrients in the uppermost layers. This is 
also typical for most other gravel soils under exotic planta
tions in Nelson Conservancy. A second feature of the gravel 
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soils influencing windthrow is the presence of either true 
groundwater or temporary water perching as described by 
Holstener-Jorgensen (1968) in a report to the Nelson Forest 
Research Committee. Preliminary studies of infiltration had 
shown a low rate at depths between 30 and 70 cm, a lower 
rate in the upper part of the profile, and significantly higher 
rates in the deeper layers. This may account for the much 
more severe windthrow when strong gales are accompanied 
by heavy rain. Saturation of the upper soil layers would 
loosen the soil when accompanied by root movement. 

Rain 

Annual rainfall in the forest rises gradually from about 
46 in. to over 60 in. from north to south, and is fairly well 
distributed throughout the year, although drought conditions 
occur occasionally in late summer. Average rainfall at Golden 
Downs headquarters (close to the areas of the 1968 blow
down) is 52 in. Rain is usually associated with winds from 
the north and east. Heavy rain has accompanied strong winds 
on most of the occasions when windthrow has occurred: 

May 1963: 2.4 in. of rain over 2 days, compared with 0.3 in. 
the previous day; strong south-east winds. 

July 1963: 2.07 in. of rain over 3 days after two rain-free 
days; strong north-west winds. 

April 1968: 5.62 in. of rain over 3 days; gale force winds from 
the north-east, changing to south-west. 

Wind 

It has been generally recognized locally that wind turbu
lence occurs over the forest area, though climatological re
cordings do not cover this aspect. However, there is the re
liable evidence of pilots of commercial aircraft operating out 
of Nelson airport who have had considerable experience of 
flying above the forest. They report strong localized turbulence 
over the southern part. 

A published report of the Eighth Discussion Meeting of 
the Society of Foresters of Great Britain on "Wind Effects on 
the Forest" contains some relevant observations on the effect 
of wind. Gloyne (1968) observed that obstruction to air flow 
in the British Isles resulted in the now well-documented lee-
wave phenomenon. This arises when a vertical air stream 
of a particular velocity and temperature blows across a range 
or suitably spaced ranges that may be only a few hundred 
feet high. Sympathetic undulations are set up in the upper 
current and strong surface winds are induced to blow down 
lee slopes. Such effects are stated to have been singled out as 
causing notable damage. It is significant that the greatest 
acreage of blowdown at Golden Downs during the 1968 gale 
took place on the lee slopes when wind direction changed 
round to the west and south-west. These gales, striking the 
main north-south ridges, would be expected to create the 
turbulence effect described above. Turbulence has been found 
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to be much lower in north-easterly winds, and, since these 
pass over the plains or gently undulating hills before strik
ing the forest, this is not unexpected. 

Gloyne also noted other effects of terrain on wind be
haviour. For example, winds blowing perpendicularly to ridge 
lines can give rise to large "roller'' eddies; penetration of 
wind down the lee slope and across a valley floor can occur, 
and, given an air stream of suitable physical properties, lee 
wave effects could take place; winds tend to be canalized up 
or down valleys. The funnelling effect of wind in valleys at 
Golden Downs has been recognized as a common occurrence 
and would account for much of the periodic windthrow of 
small groups of trees along gully bottoms and lower slopes. 

MANAGEMENT CONSIDERATIONS 

Selection of Species 
Blowdowns in exotic plantations in Waimea County have so 

far occurred only in Golden Downs Forest, but this accounts 
for almost half the total area in State and private ownership. 
Privately-owned stands are almost entirely of radiata pine, 
some being second-rotation crops. Freedom from blowdowns 
in the established plantations outside of Golden Downs can 
be attributed to the absence of high wind turbulence, as the 
stands are between the northern extremity of Golden Downs 
and the coast at Tasman Bay. The distinct possibility of 
further large blowdowns in Golden Downs in future must be 
accepted as a major management consideration in radiata 
pine stands now in the niiddle and older age classes. In the 
1968 gale, 900 acres were uprooted initially, but the area 
affected gradually extended, the perimeters of many of the 
individually affected stands widening. This is shown in Table 
2. 

Of the species in the forest other than radiata pine, only 
Douglas fir warrants further consideration for management 
planning, since it has already been decided to clearfell pro
gressively most of the other established species for chip logs. 
These stands should be free of windthrow over the period 
that they will be harvested. Stands of Douglas fir have proved 
windfirm so far, despite the same exposure to wind effects 
as radiata pine. Recently thinned and unthinned stands have 
both remained virtually untouched, even when adjoining 
severely windblown radiata pine. The oldest Douglas fir stands 
are now 39 years old and have a top height of 101 ft. Although 
rotation length is only tentative as yet, Douglas fir would 
presumably be allowed to grow on to about 60 years. The soil 
conditions that inhibit deep rooting of radiata pine must also 
affect Douglas fir stands of the same height, but the growth 
habit of the latter species is expected to give stands greater 
stability than in radiata pine stands. The present practice of 
beginning extraction thinning of Douglas fir at age 30 appears 
silviculturally and economically correct, and should give 
enough respite for adjustment in stands before they reach 
the height at which they will be most vulnerable to wind
blow. 
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Short-term Influences 

The prime objective of forest management after the serious 
blowdown in 1968 was to salvage the timber before deteriora
tion through insect and fungal attack set in. Clearfelling of 
standing radiata pine was suspended to concentrate on salvag
ing. During the succeeding year good progress was made, 80% 
of the downed timber being salvaged before it became neces
sary to stop because of deterioration in the fallen trees. The 
emergency raised the annual cut of radiata pine in Golden 
Downs from 2.8 to 8.8 million cu. ft. This was achieved in 
spite of difficulties associated with a rapid build-up of harvest
ing, and of finding a market for the greatly increased output. 
The year before the blowdown there had been a recession 
in local sawmilling that was not fully offset by the reviving 
log export trade to Japan. This trade was considerably ex
panded during the rest of 1968 and early 1969, and, with im
proving local demand, successfully absorbed all the surplus 
output. Salvage logging required the recruitment and transfer 
of much additional staff and labour, plus the hire of private 
contractors, not only for salvage but for ancillary operations 
such as new and upgraded roading. 

The re-establishment of 1,500 acres of logged radiata pine 
sites must be accomplished during the following winter. Up 
to the present, good natural restocking has occurred after 
normal clearfellings, but logging in windthrow, plus the cutting 
of export logs to specified: lengths and standards, has resulted 
in more logging waste. Average outturn of timber was 6,000 
cu. ft per acre against 9,000 cu. ft from normal clearfellings. 
Successful regeneration after the 1963 blowdowns holds out 
hopes that little replanting or enrichment will be required 
in the 1968 area, and this has so far been confirmed by field 
assessments of regeneration. 

The instability of the remaining mature stands of radiata 
pine has been underlined by further small-scale throw. This 
makes it imperative to remove them progressively as soon 
as practicable, and continuity in the log export trade should 
enable this to be accomplished. Unsatisfactory compartment 
layout and species siting in the past have handicapped subse
quent management in Golden Downs, as has similar faulty 
early establishment in forests throughout the country. The 
present salvage presents a welcome opportunity for improve
ment, in association with the projected clearfellings of the 
less productive species for chip logs. 

Long-term Influences 

Owing to topography, climate and restricted root develop
ment due to the gravelly soils, windthrow must be consider
ed a permanent management hazard at Golden Downs. Areas 
likely to be acquired in the future within the logical zone of 
extension are generally similar as regards site factors. In 
establishment on new areas management methods will have 
to be modified to reduce the risk of damage by wind. Owing 
to the availability of nutrients in the upper soil layers, 
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mechanical ripping of the soil may not promote the deeper 
rooting that would improve stability. Recorded instances of 
toppling in young radiata pine have been attributed to incor
rect planting, and there has been no* evidence in blowdown 
of mature trees of root developmnt impaired to the extent 
that would increase the risk of blowdown. 

Of all the alternatives for reducing the risk of windthrow, 
shortening the rotation offers the best prospects. The most 
severe damage in the 1968 gale was in the 36 to 41 year age 
classes. A reduction in the rotation to about 30 years should 
remove much of the danger of extensive windthrow, since 
in the past this has not taken place before this age, when 
trees have a top height of 110 ft. Growth data from thinned 
stands show that at 30 years radiata pine attains a mean 
d.b.h, of 17.8 in. and the range of logs has been acceptable for 
saw and peeler logs, though the latest trends favour larger 
diameter final-crop stems for maximum profit. To what ex
tent thinnings reduce the incidence of blowdowns is not yet 
clear, though it is apparent from studies of windthrow in the 
forest that thinned stands were exposed to the effects of 
wind earlier than were unthinned stands. However, these were 
belated thinnings, which probably reduced stand stability 
more than would the earlier thinnings now practised. 

Spacing trials in Golden Downs (trees planted 4ft x 4ft 
to 12 ft x 12 ft, and now age 20) have been subject to scat
tered windthrow; no clear pattern has emerged, possibly 
owing to the overriding effect of topography. Experience in 
Scotland (James and Dier, 1968) is that, in severe gales, 
regularly and timeously thinned stands suffer just as much 
as those in which thinning has been delayed. If anything, 
unthinned stands suffer least. 

The current working plan for Golden Downs prescribes 
intensive treatment of 600 acres a year of radiata pine for 
high-grade sawlogs and peelers; the rest of the similarly-aged 
stands (approximately 1,400 acres) is grown untended for 
pulp or chip logs. This plan is now under revision, since it 
is obvious that these prescriptions are unsuited to future 
management objectives for the reasons discussed below. 

(a) Management for high-grade sawlogs envisaged produc
tion thinnings leaving a residual 200 s.p.a, at age 20 years and 
yielding 2,000 cu. ft per acre. However, results so far from 
investigations by the Experimental Logging Unit into the eco
nomics of early production thinning on steep country hold 
out little hope for large-scale production thinnings on steep 
slopes — those at Golden Downs average 30°. 

(b) The regional demand for radiata pine sawlogs has not 
exceeded 2.7 million cu. ft annually and production has 
fluctuated with demand; for example, the recent fall-off due 
to the recession in building. Log exports to Japan offer the 
best prospects for utilizing a higher sustained output from 
the forest at economic prices and the required optimum log 
sizes can best be obtained from clearfellings. The Forest Ser
vice has contracted to supply the chip mill on Waimea Plains 
with 21 million cu. ft over 7 years. This quantity can be ob-
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tained, in addition to the clearfellings of uneconomic species, 
from radiata pine saw and peeler log residues in the forest. 

(c) In view of the intention to reduce the rotation from 40 
to 30 years, management must take into consideration the 
need to grow the optimum size of tree over the shorter 
period. Fenton and Sutton (1968) proposed for Kaingaroa 
Forest a 25-26 year rotation on a final crop of 80 s.p.a., with
out production thinning, with the object of attaining a mean 
d.b.h, of 22-23 in. and top height of 110 ft. It is intended to 
follow this prescription as far as it can be applied under 
local conditions in Nelson; since growth is slower than at 
Kaingaroa, a longer rotation than 30 years may be required. 
The planned programme will require wider initial spacing 
in new planting and heavy early thinning of young established 
stands. However, since the adoption of mechanical clearing 
of gorse planting sites (by tractor blade), wider spacing (12ft 
X 8 ft) has been practised. Once selected seed becomes avail
able, wider spacing will gradually replace the standard 8 ft 
X 8 ft now used on clean sites. Already seed is being collected 
from elite trees in the forest. The trees selected are the best 
5 per acre that fulfil all the required criteria. There will be 
heavy early thinning of the elite trees (at age 9 years) to a 
final crop stocking in order to promote maximum growth rates 
giving an average d.b.h, of 23 in. by the end of the rotation. 
The intensity of this thinning is still under consideration 
although two trials of thinning to 110 and 170 s.p.a, have 
been established. 

The effect on management of the 1968 blowdown in radiata 
pine has been aggravated by the unequal age class distribu
t ion/ the greatest areas being in the oldest and youngest age 
groups (see Table 2). The regeneration of salvage-logged sites 
and replanting of clearfelled stands will enable imbalance to 
be corrected gradually. 

Since gales from the south are the most damaging, plant
ing of radiata pine on lee slopes should be avoided where 
possible to lessen exposure to wind turbulence. This will be 
difficult to do, since this species is prescribed for 80% of the 
establishment programme, and it is unlikely that the propor
tion of the second species, Douglas fir, will be increased un
less it can be shown that the later-planted, closer-spaced (6 ft 
X 6 ft) stands produce timber of higher quality than that 
from the older stands planted at 8 ft x 8 ft. 

Conclusions 

The recent gale damage to radiata pine stands in Golden 
Downs forest has in the short term upset management pro
posals for timber production in the Nelson area. Neverthe
less, this species, because of its productivity, quality and wide 
range of uses, will be retained as the major crop for the sup
ply of saw, peeler, chip and pulp logs for local sawmilling and 
industrial wood-using plants, and for export markets. The 
favourable position of the forest as regards access, export 
facilities and nearness to local processing plants will ensure 
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a high recovery of downed timber in any future blowdown in 
the remaining older radiata pine stands. Corrective manage
ment should eliminate much of the risk of windthrow in the 
younger stands and in those established in future. 
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