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ABSTRACT 
Tawa (Beilschmiedia tawa, family Lauraceaci is the most impor- 
tant comrrzercial native hardwood in the North Island of New 
Zealand. Recent extensive clearance, along with substantial reser- 
vation of tawa-dominant forest, has raised concern about juture 
availability of the timber to the furniture and turnery industry. 

A higli,l)&zde-tolemnt species with inherently poorjorm, tawa 
is adapted to continuous replacement within high jorest. A l though 
growth rates ofsmaller stems are enllanced by increased light, thej 
are everywhere slow; diametergrowth rates in trees average 1 ,jmm/- 
annurn on typical sites in the central North Island and rotations 
for merchantable trees are estimated to be in the order oj200years. 
With gross volume increments averaging 1 m3ha/annum, pro- 
ductivity is low even in comparison with native tree species cur- 
rently being managed. While intensive management is unlikely 
ever to be economically viable, carejul application of a selection 
management system could probably provide a very small sus- 
tained yield from remaining forest, sufficient for a cottage in- 
suming c. 1000 m3 annually, provided that the timber was suffi- 
ciently highly valued. In the present social climate, however, such 
a venture appears increasingly z~nlikely. 
Tawa is the most important commercial native hardwood 
timber in the North Island of New Zealand. Traditionally, 
better-quality logs have been sought for tlooring, turnery and 
interior finishing (Hinds and Reid. 1957), uses in which tawa's 
machining, turning and staining qualities. (akin to those of 
oak, Quercus spp.) have been put to good effect. In recent 
years, particleboard has largely displaced sawn tawa for use 
in flooring. However, despite substitution to varying extents 
by other timbers and wood products (for example, imported 
tropical hardwoods, eucal ts, and fibreboard), there has 
been a continuing deman 8' or tawa for use in furniture and 
especially turnery. In 1982 tawa supplied some 5% of the fumi- 
ture industry's needs and some 74% of the turnery industry's 

TABLE 1 : END-USE OF TAWA SAWN TIMBER1 IN 
NORTH ISLAND IN 1982-1983 

- -- - -- 

End use Percentage 

Turnery 26 
including handles and doweils~ 

Export 24 

Toys 18 
Furniture 14 
Joinery and construction 13 

lincluding floorlng and interlor and exterior fin~shingj 
Other 5 

c ,  8000 m3. Source: New Zealand Forest Service 'unpubl, data]. 

The auti~ors - Mark Smale, Foresteu, Forest Research Institute, 
Rotorua: 
john Bathgate, OJJicer in Charge, Forestry Train- 
ing Centre, Rotorua; 
Rob Guest, Forest Research Institute, Rotoruu. 

needs (New Zealand Forest Service, unpubl, data]. Recent 
end-use is detailed i r i  Table 1. Production of sawn tawa in- 
crea.sed rapidly after I170rld I17ar 11, peaking at 46,000 m3 
!rough sa~vn) in 1960, but has since declined steadily (New 
Zealand Forest Service 1984) and by 1984185 was down to 7500 
m3 New Zealand Forest Service, unpubl. data). 

In the past 15 years, another major use for tawa has dev- 
eloped. This is the production of short-fibred pulp for the 
manufacture of fine writing and printing papers. The large 
quantities of wood needed1 have been acquired mainly 
through forest clearance for pasture or exotic plantation 
establishment. A minor use of this wood has been firewood. 
During this period, several thousand hectares of eucalypts 
(Eucalyptus spp.) have been established specifically for 
pulpwood (Fry 19831, and these are expected to replace tawa 
in the pulp and paper industry in the near future. 

Tawa management has never been attempted because ade- 
quate supplies have usually been available as a byproduct of 
podocarp logging or from previously logged forest. However, 
continuing depletion of the otentially manageable tawa B forest estate by clearfelling an by reservation has prompted 
some concern about the future availability of tawa to the sawn 
timber indust~y; supplies of high-quality sawlogs are now 
becoming scarce, and prices have begun escalating. 

This seems an appropriate time to present results of recent 
research on tawa, "the great enigma" (Masters et a1 1957). and 
to re-examine its prospects for management. 

HISTORY OF EXPLOITATION 

A characteristic species of the warm temperate forest of the 
North Island and northern South Island (Wardle 1964), tawa 
dominates the forest canopy over large areas of the central 
North Island, where it occurs with varying densities of podo- 
carps - mainly emergent rimu (Dacvdium cupressinum) and 
co-dominant miro (Prumnopitys jerrugtnea! - and other large 
hardwoods. Podocarps have been "creamed" from almost all 
of the legally available merchantable forest of this kind, leav- 
ing a canopy composed predorninantly of tawa. In many 
areas, tawa trees of better form have also been harvested for 
sawn timber. More recently, pulpwood logging has 
devastated large tracts, destroying the canopy and eliminating 
any prospects for tawa management. 

Not unexpectedly, the existence of a large, apparently self- 
renewing, merchantable timber resource in lightly logged 
native forest has generated interest in management options. 
McKeivey (19541 suggested replacing the former emergent 
podocarp element with eucalypts, as a means of halting 
widespread apparent deterioration of tawa logged and even 
virgin tawa-dominant forest, by restoring favourable growing 
conditions for remaining tawa. However, although eucalypts 
planted in logged forest have provided some shelter for tawa, 
they have done little to promote good form, and have them- 
selves been subject to attack by pinhole (Platypus sp.) borer, 
reducing the value of their timber. They have also attracted 
criticism on environmental grounds. McKelvey, Cameron 
(19601, and more recently M.R. Fielder (unpubl. report) all pro- 

' f o r  example 84,800 m3 of roundwood In 1982/83. 
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moted the possibility of tawa management but stressed the 
inadequacy of then existing knowledge about the species for 
such a venture. 

In the late 1960s as the second massive expansion of the 
exotic plantation estate gained momentum, attention in- 
evitably turned towards converting the large, unutilised land 
resource of "cutover" forest. Major inroads were made into 
tawa forests in State Forest and other tenures, with the result 
that the central North Island resource of some 200.000 
hectares' (McKelvey 1954; Usmar 1959) has been consid- 
erably reduced. Some prime areas, for example on southern 
Mamaku Plateau west of Rotorua, where tawa forest was said 
to attain its best development (Masters et a1 19571, have 
been lost in this way. (Figure 1). 

FIGURE 1 Interior of tawa-dominant forest on the Mamaku 
Plateau from which scattered podocaips have been 
removed. 

A dramatic shift in Government policy in the mid 1970s 
followed the emergence of the environmental movement. It 
found expression in the new management policy for in- 
digenous State Forests (19771, and reawakened interest in the 
mana ement prospects for remaining cutover forests. How- 
ever, t % e ensuing reservation of substantial areas for nature 
conservation and other purposes has reduced still further the 
area available for management for timber production. 

ECOLOGICAL CHARACTERISTICS RELEVANT 
TO MANAGEMENT2 

Replacement Strategy 

In tawa-dominant forests of the central North Island, tawa 
populations appear to be uneven-aged and undergoing con- 
tinuous replacement by individuals or small groups. Indeed, 
the widespread existence of the classical "reverse J" diameter 
distribution (a preponderance of advance growth in the 
smallest sizes) has encouraged foresters to consider sustained- 
yield management. Replacement patterns in tawa-dominant 

1 all tenures. virgin and exploited. 

2 for a recent review ~Jautecology. see Knowles and Beveridge (1982). 

forest have not been studied in detail. A recent study of a small 
area of co-dominant tawa and kohekohe (Dysoxylum spec- 
tabile) in Rotoehu Forest, central Bay of Plenty. found evidence 
of reciprocal replacement between these species (Smale and 
Kimberley 1983); however, kohekohe is absent from most 
tawa-dominant forests. Thickets of tawa saplings and poles 
commonly occur under the fringes of the crowns of mature 
tawa and other large hardwoods, under small gaps in the up- 
per canopy, and under thinning canopies of senescent smaller 
hardwoods such as kamahi (Weinmannia racemosa), mahoe 
(Melicytus ramijlorus ssp, ramiflorus) and makomako 
Mristotelia serrata) (c.f. Knowles and Beveridge 1982). Tawa 
:an also directly replace emergent podocarps (Figure 2) 
(Knowles and Severidge 1982). 

FIGURE 2 Sapling and pole tawa developing under an emergent 
rimu (background) in podocarpltawa forest at Pureora. 

Tawa is a highly shade-tolerant species. In heavy shade, 
suppressed seedlings and smaller saplin scan survive with H negligible height and diameter increment or several decades, 
and perpetuate their existence by vegetative regrowth 
(authors, unpubl, data). First recorded by R. J. Cameron in 
1962 (unpubl, report), this growth pattern appears to involve 
a rejuvenation cycle. Photosynthetic inefficiency leads to 
physiolo ical senility and ultimately death of the existing 
shoot, w f ich is followed by production of new adventitious 
(coppice) shoots. The root acts as a perennating organ. Much 
of the advance growth usually present in tawa-dominant forest 
may thus be relatively old; the average longevity of established 
suppressed seedlings in one area studied at Mamaku is 
estimated to exceed 50 years (c.f. 0 den and West 1981). 

Terminal shoots in sta sting seedings and saplings often k" die, with subsequent rep acement by new br existing laterals. 
After release into better light, one or more shoots assume 
dominance in previously "flat-topped" plants, and long clear 
boles (c. 6-8 m) eventually develo in small canopy gaps. P Release into full side light is often ollowed by development 
of coppice shoots at the base, and sometimes by growth of 
epicormic shoots on reviousl shaded trunks. Open-grown P i trees characteristical y have s ort boles and large crowns. 
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A strong positive relationship between tree height and 
diameter has been established for virgin tawa-dominant forest 
at Mamaku (Figure 3), and probably holds elsewhere. Most 
stems have attained canopy status by the time diameter at 
breast height (dbh) has reached c. 25 cm. 

TABLE 2: GROWTH-RATE, MORTALITY AND 
PRODUCTIVITY OF TAWA (> 30 cm 
dbh) IN VIRGIN TAWA-DOMINANT 
FORESTS IN CENTRAL 
NORTH ISLAND 

V I 1 I I I I I I I 
8 16 24 32  40 48 56 64 72 

DBH (cm) 

FIGURE 3 Heightldiameter curve for tawa in 0.4 ha of virgin tawa- 
dominant forest at Mamaku (86.4% of variance ac- 
counted for). From unpubl. data of P. J. McKelvey. 

Growth Rate of Smaller Stems (< 25 cm dbh) 

At any given locality, light intensity appears to be the single 
most important factor determining growth rate of smaller 
stems. A 22-year study of over 200 individuals at Pouakani 
in Pureora Forest Park (where tawa has average growth rates) 
illustrates this (Smale in prep.). Under closed high canopies, 
and with little overhead light, most plants were suppressed, 
with annual diameter increments of c. 3 cm in seedlings. With 
more overhead light, as in small canppy gaps, annual diam- 
eter increments in saplings and poles increased up to c. 
1.5 mm. After release into full overhead light, such as occurs 
when an overtopping tree dies or is felled, a marked growth 
response often occurred (Ogden and West 1982). Annual 
height increments in seedlings increased to c. 12 cm, while 
annual diameter increments in saplings and poles increased 
to as much as 5 mm for periods of up to 20 years or more, 
but were more commonly c. 2-3 mm (Odgen and West 1981). 
The slower growth rate of canopy trees in this locality (1.6 
mm per year) suggests that maximum rates of diameter 
growth in such released stems occur during the pole (10-30 
cm dbh) phase. Diameter and height growth of smaller 
stems were generally greater on the margins of stands, due 
to the influence of side light. 

Growth Rate of Canopy Trees (> 25 cm dbh) 

Growth rates of canopy trees have been measured over 
periods ranging from 10 to 25 years, in ermanent plots of 
0.4 ha, at a number of lowland localities I' 300-650 m a d . )  in 
the central North Island (Tables 2, 3). Together, these 
localities represent only a small portion of the species range. 
The are characterised by moderate annual rainfall (c. 2000 Y mm and podzolised yellow-brown pumic soils. 

Within virgm forest, growth rates of canopy trees were found 
to be generally faster and less variable than those of smaller 
stems. However, a large variation in owth rate was apparent Y between different localities (Table 2 , for which no adequate 
explanation can be offered. Where diameter growth was 
poorer, trees had attained smaller mean diameters (Table 2); 
this finding accords with the observation by Knowles and 

Locality Diameter Growth Mean dbh Mortality Estimated 
volume 

inclementZ 

Periodic mean lcml %trees lmean dbhi Gross Net 
annual increment per annum Gm) ImYhal 

annuml 
f S.E.1 

lmmlannurn~ 

hlamaku A 2.6 + 0.18 51.6 0 I - 1 1.65 1.65 
B 2.5 f 0.19 53.2 0.60 (42.0) - . - 

Mangorewa A 2.2 f 0.26 46.8 0.13 162.5) 2.08 1.90 
B 2.1 f 0.24' 50.4 0.58 (76.21 2.25 0.95 

Pouakani A 1.6 f 0.09 
B 1.3 f 0.26 45.6 o r - I 0.39 0.39 

Wh~rinaki A 1.3 + 0.13 45.2 0.35 (40.8; 0.71 0.52 
B3 1.1 + 0.14 44.8 0.22 149.11 0.98 0.57 

standard error. 
for all trees, using individual diameter increments and merchantable 
heights. Where latter unavailable, mean merchantable heights for each 
locality (unpubl. National Forest Survey data) used. In rowths includ- 
ed. Gross increment includes dead trees; net increment goes not include 
them. 
0.8 ha plot. 

Beveridge (1982) that, in colder parts of its range, tawa mav 
persist without ever achieving tree size. No evidence has 
been found of an age-related decline in diameter 
growth-rate in larger, and on average, older (Od en and West 
1982) trees; these may prolong their existence a 7 ter the onset 
of crown deterioration by producing coppice shoots (Smale 
1982). - 

In a study of 213 canopy trees over 22 years at Pouakani, 
several factors influencing diameter growth rate were iden- 
tified. Competition from adjacent trees with overlapping 
crowns significantly reduced growth, explaining some 15% 
of the variation between individuals. Trees on ridges, and 
those with obviously unhealthy crowns (commonly ex- 
hibiting dieback of outer shoots and loss of larger branches) 
also grew poorly. 

Longevity 
Tawa-dominated forests are slow-growing, and replace them- 
selves slowly. On average sites, trees developing from sapl- 
ings (c. 5 cm dbh) in small canopy gaps may take c.220 
years or more to reach 40 cm dbh. With early release of sapl- 
ings by death or telling ot over-topping canopy trees, a 
diameter of 40 cm may be attained in 180 years or less. Mor- 
tality rates in virgin tawa-dominant forests in central North 
Island, of 0.45 + 0.17% treeslannum, (Table 21, suggest that 
canopy longeviries (the amount of time spent by trees in the 
canopy) are in the order of 200-250 years. These figures in- 
dicate that average (rather than maximum) life-spans of 
canopy trees may exceed 350 years (cf. Ogden and West 1981, 
Knowles and Beveridge 1982). 

Basal Area and Merchantable Volume 

Basal area of tawa in virgin tawa-dominant forests, or those 
from which scattered podocarps only have been removed, 
ranges from c. 20-35 mzlha. In better stands (e.g., Mamaku) 
some 80% of trees have traditional1 been considered mer- 
chantable, percentages being lower e 7 sewhere. Total merchan- 
table volumes of tawa in such forest in Pureora Forest Park 
range from c. 125 to 200 mslha, averaging 150 m3/ha, of which 

-- 
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40% would currently be considered suitable for sawlogs (New 
Zealand Forest Service, unpublished data). 

Estimated gross volume increment of tawa in virgin and 
lightly logged forest (Tables 2,3) in the localities studied, rang- 
ed from under 0.5 to over 2 m3/ha/annum, averaging 1.1 
rn3/ha/annum, and was significantly correlated (p < 0.05) 
with diameter growth rate and net change in tawa tree densi- 
ty over the measurement period. Net volume increment rang- 
ed from c. -1.5 to 1.9 m3/ha/annum, averaging 0.5 m3/ha/ 
annum, and was significantly correlated (p < 0.05) with 
change in tawa tree density and inversely correlated with mor- 
tality rate. The significant contribution or ingrowths to volume 
increment in many virgin stands, reflecting an increase in the 
amount of tawa in the canopy, suggests that gross increments 
in excess of 1 m3lhaIannum will not be sustained indefinitely. 

In more heavily logged forests with very broken canopies, 
tawa basal area may be as low as 5-10 m2/ha. Although in the 
absence of marked crown deterioration, diameter growth rates 
in logged forest (Table 3) appear to match or exceed those in 
virgin forest (Table 2), basal area increments are likely to be 
lower because of the smaller basal area left after logging. Total 
merchantable volumes of tawa in forest of this kind in Pureora 
Forest Park range from c. 25-125 m3/ha, averaging 63 m3/ha 
(New Zealand Forest Service, unpublished data). Volume in- 
crements are also likely to be correspondingly lower than in 
virgin or lightly modified forest. 

TABLE 3: GROWTH-RATE, MORTALITY AND 
PRODUCTIVITY OF TAWA ( > 30 cm 
dbh) IN LOGGED TAWA- 
DOMINANT FORESTS IN CENTRAL 
NORTH ISLAND 

Locality Logging treatment Diameter growth Mortality Estimated 
volume 

incrementZ 

Periodic mean Yn trees hean dbh) Gross Net 
annual increment per annurn' lcm! (m3lhal 

f S.E.' annum) 
lmmlannuml 

Lightly logged 
Mamaku A Scattered podocarps 3.3 f 0.25 0.87 160.1) 1.30 -0.18 

removed 
Rotoehu A Scattered podocarps 1.3 f 0.13 0.23 I40.9) 1.33 1.08 

removed 
B 1.3 f 0.19 0.48 156.61 0.72 0.17 

Heavily logged 
Mamaku B Scattered podocarps 3.3 f 0.46 0 1 - 1 0.45 0.45 

and better taw 
sawlogs removed 

Rotoehu C All merchantable 2.6 f 0.56 1.79 16.6 0.50 -0.31 
sawlogs removed 

standard error. 
for all trees, using individual diameter increments and merchantable 
heights. Where latter unavailable, mean merchantable heights for each 
locality (unpubl. National Forest Survey data) used. In rowths includ- 
ed. Gross increment includes dead trees; net increment foes not include 
them. 

Productivity 

In terms of productivity, tawa fares poorly in comparison with 
indigenous tree species currently being managed. Mean an- 
nual volume increments of 879 m3/ha/annum are expected 
over 80-90 year rotations in intensively managed red beech 
Wothofagus fusca) and silver beech W. menziesii) in north 
Westland (Gleason 1982). Healthy mature kauri (Agathis 
australis) stands may accrue 1-3 m3/ha/annum, while well- 
stocked secondary stands may produce 5-10 m3/ha/annum 
(Halkett 1983). The productivity of dense podocarp forest, at 
1-2 m3/ha/annum, is more comparable with that of tawa 
(Beveridge 1983). 

EFFECTS OF PAST EXPLOITATION ON 
TAWA-DOMINANT FOREST 
In the past, uncontrolled logging In tawa-dommant forest has 
led to some crown deterioration In res~dual trees, the amount 
varying with logging ~ntensity and slte exposure At many 
sltes, however, deter~oratlon from exposure to wmd and frost 
has been a temporary phenomenon, w~th  subsequent 
recovery of most trees through eplcormlc format~on of new 
crowns (see Knowles and Bever~dge 1982). Desp~te relatively 
small rootplates, compared for example with rlmu (Cameron 
1963), tawa 1s generally windfirm Even so, small understorey 
trees exposed by loggmg are prone to wmdthrow on some 
sltes, as are larger shallow-rooted trees on poorly dra~ned sltes. 

Although comprehens~ve studles of crown deteriorat~on 
have not been undertaken, several factors have been Im- 

Ilcated. Death of tawa folia e, young shoots and buds :: !'dlebackl') in autumn and ear y wmter, commonest on ex- 
posed trees or under a relat~vely open canopy, can be caus- 
ed by frost (MacKenzie and Gadg111973). At Pouakani, die- 
back IS much commoner on ndges than elsewhere, suggesting 
that wind may also be a causal factor. As dieback IS also com- 
moner here in larger, and, on average, older trees, older trees 
may be more susce tlble to crown damage. Dieback IS also 
frequently observe ‘f' on recently exposed trees, for example, 
those adjacent to new road formation. Root damage may be 
involved, although tawa appears to be less sensitlve In t h ~ s  
respect than some other species, for example hlnau Elaeocar- 
pus dentatus) 

Logging has usually destroyed some tawa advance growth. 
At the same time, it has promoted the growth of shrub- 
hardwoods and tree-ferns (especially Dcksonia squarvosa) and, 
where logging has been intensive, toetoe (Cortaderiafulvida) . 
This growth has reduced the area of forest avadable for the 
establishment of new tawa seedlings for several decades 
(Knowles and Beveridge 1982). In some places ground disturb- 
ed by logging has been colonised, although seedlin s on very 

P: 7 com acted ground (for example loggin tracks seldom 
deverop Damaged or felled stems have o ten recovered by 
vegetative regrowth; coppice shoots arising from cut stumps 
can persist and grow well for several decades at least, even 
becoming physically and functionally independent of parent 
plants (Smale 1982). 

By increasing light levels within the forest as a whole, the 
canopy disruption entailed in l o g p g  releases some of the sur- 
viving advance growth; diameter growth rates of smaller stems 
measured in lo ed stands often exceed those in virgin forest Y (Smale in prep. . However, seedlings and small saplings left 
in and around the margins of larger logged gaps often become 
unthrifty and die through desiccation (Knowles and Bever- 
idge 1982). As described earlier, volume increments in more 
heavily logged forest are likely to be lower than in virgin forest, 
and it appears probable that only small improvements in pro- 
ductivity could be achieved by silvicultural manipulation. 

A key problem in the management of tawa is its inherently 
poor form (McKelvey 1954; Hinds and Reid 1957; Masters 
et a1 1957). The earlier view, that tawa of good form develops 
only in forests "of certain well-defined structure" (Masters 
eta1 l957), i.e., in the presence of tall podocarps, now seems 
too narrow. Certainly, tawa of excellent form does develop 
under tall podocarps (Figure 4), but it also develops under 
other tall emergents such as pukatea (Laurelza novae- 
zelandiae), and tawa of reasonably good form develops in 
small canopy gaps within high forest, regardless of surround- 
ing canopy species. While emergents are undoubtedly 
beneficial in maintaining canopy stature by "drawing up" 
younger tawa beneath them, they may not be essential. In rare 
instances, one of the authors has observed tawa of good form 
which appear to have developed without a tall overstorey. 
Generally, however, it is clear that perpetuation of a high 
forest is necessary for the maintenance of good form in tawa. 
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FIGURE 4. Tawa of excellent form which has developedunder tall 
podocarps in Whirinaki Forest. 

CURRENT PROSPECTS FOR MANAGEMENT OF 
TAWA-DOMINANT FOREST 

As outlined by Cameron (1960), management of indigenous 
forests can be undertaken either on an intensive or an exten- 
sive basis. Intensive management involves treating stands 
with conventional silvicultural techniques, and is possible 
only in accessible, well-stocked forests with reasonable pro- 
ductivities. Although much tawa-dominant forest is accessi- 
ble by virtue of access created during earlier logging, and 
much could be considered "well-stocked", nowhere do 
volume increments even being to approach those of the most 
poorly performing exotic plantations. Intensive management 
of tawa forest, foreseen by Cameron in 1960 as a distinct 
possibility, cannot now be considered a viable option. 

Extensive management was seen by Cameron as re- 
creating, in reasonable time and at minimal cost, a merchant- 
able forest. As mentioned earlier, attempts at restoring tawa 
forest by interplanting eucalypts have not been successful. 
Although techniques for replanting podocarps in logged forest 
are well established (Beveridge 19831, they are only capable 
of helping restore tawa forest indirectly and in the very long 
term. The most promising strategy for extensive management 
of tawa forest appears to be enrichment with Australian 
blackwood (Acacia rnelanoqdon). Blackwood has been suc- 
cessfully established in logged tawa-dominant forest on 
Mamaku Plateau, where projected rotation lengths are in the 
order of 40 years (B.M. Moberley pers. comm.). Of some con- 
cern, however, is the possibility of vigorous natural spread 
through seeding, at the expense of native vegetation, as has 
happened in somewhat similar circumstances in South Africa, 
and also in California and the Argentine (Stirton 1978). 
Although no instances of spread through bird-dispersal of 
seed have been reported to date (Moberley ers. comm.), the 
vigorous coppicing and root-suckering abi{ty of the species 
means that sites planted with blackwood are likely to be lost 
indefinitely to tawa, and occupied sites may even expand with 
time. 

A further alternative is "low-impact" management of cer- 

tain areas of accessible, well-stocked forest through selective 
logging. With continuous replacement and uneven-aged 
populations, tawa would seem well suited to selection 
management, which could be supplemented with planting 
of blackwood or podocarps in gaps created by current or past 
loggmg. A prime silvicultural aim of such a system would be 
the maintenance of a high forest structure conducive to good 
form in tawa; this would impose an upper limit on the pro- 
portion of a stand's volume that could be removed within a 
given time-period. In moderately well-stocked stands (60 
treeslha or more) on average sites, it appears that one or two 
trees of average dimensions (with a merchantable volume of 
c. 1 rn3ltree) could safely be removed every decade from one 
hectare of forest, amounting to a sustained yield of c. 0.1-0.2 
m3lhdannum. This is likely to fall below natural mortality 
rates in virgin forest, which occur, on average, at 0.45 0.17% 
treeslannum in the localities in Table 2. A second aim would 
be to maintain the existing predominance of tawa in the 
canopy, necessitating the removal of trees singly or in very 
small groups. There is evidence that gaps larger than c. 0.014 
ha provide unsuitable conditions for tawa regeneration for 
several decades at least (P.R. Nieuwland, unpubl, report), and 
may be expected to favour the growth of more light- 
demanding species such as rewarewa (Knightia excelsa). 

The minimum volume that could economically be remov- 
ed in a single harvest from a given area of forest would be 
determined by logging costs and thus by stumpages. The 
value of tawa sawlogs would have to be sufficient to cover the 
high cost of harvesting widely scattered trees, and re-creating 
and maintaining access within management zones, unless 
such access were to be provided for other pur oses. E The need to preserve as much advance growt as possible 
and minimise damage to residual trees would necessitate ex- 
traction by either helicopter or low-ground-pressure skidder. 

A realistic cost of production for tawa extracted by heavy- 
lift helicopter is likely to be upwards of $100/m3 at mill door, 
and using low-ground pressure skidder, $60/m3 or more. Both 
methods are more expensive than present ones, and would 
increase the retail price of sawn treated tawa. It is currently 
more expensive than locally grown radiata pine or medium- 
density fibreboard, but cheaper than substitutes of com- 
parable quality, i.e, imported tropical hardwoods which retail 
for upwards of $1000/m3. There appears to be a small cost 
margin which may allow tawa to be extracted on a sustained 
yield basis, and yet remain competitive with substitutes of 
comparable quality. 

Future market demand for sawn tawa must remain a mat- 
ter of conjecture, and will depend to some extent on the dic- 
tates of fashion. It is reasonable to assume, however, that in 
the face of inevitable rises in price, there will be an increas- 
ing amount of substitution in lower-quality uses by locally 
grown exotic timber and reconstituted wood products. 

Assuming that a selection management system (which 
would require considerable expertise in tree selection, felling 
and removal) were feasible, it is likely that the legally available 
merchantable resource remaining in Crown tenure' would 
only be large enough to supply the needs of a small-scale "cot- 
tage industry" consuming annually c. 1000 m3 of sawn timber. 

CONCLUSIONS 
Prospects for tawa management for wood production are less 
favourable than previously thought, because productivity is 
so low and also because the available resource has been great- 
ly reduced. Although a selection system appears to be silvi- 
culturally feasible, the value of tawa would have to increase 
significantly for harvesting at a sustainable level to become 
economically feasible. Tawa-dominant forests often contain 
significant amounts of regenerating podocarps and these, in 

Estimated at c. 20,000 ha in 1980 (Beveridge 19831. 

- - -- - - - 

MAY 1986 N.Z. FORESTRY 17 



addition to helping restore forest structure, may, like tawa, 
be amenable to long-term "low-impact" management. There 
is also scope for enrichment with high-value exotic timber 
species such as Australian blackwood (Acacia melanoxylon) , 
provided that they do not become aggressive weeds. Ultimate- 
ly, therefore, any management stategy for tawa-dominant 
forest involving wood production could embrace several com- 
ponents. In the present social climate, however, in which in- 
digenous State Forests are highly valued for uses other than 
wood production, such a venture appears increasingly im- 
probable. 
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