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(i) 

EXECUTIVE SUMMARY  
 
 
Abstract 
 
Progress is reported for the final year of a 3-year Northland Totara Working Group project on 
sustainable management options for wood production from naturally-regenerating stands of 
totara on farmland. All milestones for this project, which is jointly funded by the Sustainable 
Farming Fund, the NZ Foundation for Research, Science and Technology, Tane’s Tree Trust 
and local councils, have been completed in full. 
 
The major objective has been to evaluate the early growth response of both naturally-
regenerating totara and plantation totara established on farmland to various thinning and 
pruning regimes. Thirty-eight Permanent Sample Plots established on nine farms in three 
districts in Northland and eight plots established in two plantations in Northland and South 
Auckland were re-measured in mid-2009.  
 
With at least two years since most stands were thinned, mean diameter growth rates of residual 
trees in thinned plots has increased 2-4 fold compared to non-thinned control plots. There 
continues to be virtually no windthrow losses from thinned plots. There continues to be 
significant mortality occurring in the non-thinned control plots.  
 
Further wood quality studies involved the felling of naturally-regenerating farm-grown stands at 
Kawakawa north of Whangarei. Based on a preliminary grading of a sample of logs with an 
average diameter of 50 cm and length of 4.4 m, a considerable proportion of the wood 
appeared to be heartwood, and even poor form logs yielded valuable timber. A workshop held 
in June 2009 attracted a wide interest in the management of naturally-regenerating and planted 
stands of totara and its potential uses. Considerable local knowledge of the wood properties of 
farm-grown totara exists, and the resource is being used successfully in small quantities for 
construction and joinery.  
 
A full assessment of the thinned and control plots will be required in three years time to 
determine growth response to silviculture treatments five years after the trial was established. 
Recommendations for further work by the NTWG include an evaluation of the growth response 
of pole totara to applications of fertiliser, and quantification of local knowledge on use and 
properties of farm-grown totara in Northland.  
 
KEYWORDS:   Podocarpus totara, silviculture, growth rates, plantations, regeneration, 

indigenous, wood quality, utilisation
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INTRODUCTION 
 
This report documents progress over the final year of a three-year project evaluating 
the potential of developing and managing a resource of totara utilising the naturally-
regenerating stands that are prolific on farmland in many parts of Northland 
(Sustainable Farming Fund 2006). The project also compares growth and thinning in 
selected planted stands of totara. The third year has focussed on re-measurement of 
permanent sample plots established in regenerating totara stands and plantations 
along with an analysis of the measurement data to quantify the response to 
silviculture, continuing preliminary studies on wood quality and utilisation, and 
technology transfer via several forums. Background, rationale and early progress for 
the project is documented in the Workplan (Bergin 2006), the first year Progress 
Report (Bergin 2007), the second year Progress Report (Bergin 2008) and in three 
Northland Totara Working Group (NTWG) Newsletters produced to date (NTWG 
2006; 2008, 2009). 
 
This NTWG project is largely funded by the MAF Sustainable Farming Fund. 
Complementary funding for the project has been provided from Scion via the FRST 
(NZ Foundation for Research, Science and Technology) funded Diversified Species 
theme of Future Forests Research, with direct or in-kind contributions from the 
Northland Regional Council, Far North District Council, and Tane’s Tree Trust. The 
project is co-ordinated by the New Zealand Landcare Trust for the NTWG in 
collaboration with local landowners, iwi, councils, wood millers and processors, NZ 
Forest Owners Association, Tane’s Tree Trust and Scion. 
 
 
 
BACKGROUND 
 
Naturally-regenerating stands 
Totara (Podocarpus totara) is one of our most widely distributed indigenous softwood 
timber trees with timber qualities that are highly valued both for traditional and 
contemporary uses (Bergin 2003). With most supplies of old-growth totara suitable 
for timber now exhausted or in reserves, there is wide interest in establishing and 
managing planted totara for market and non-market benefits (e.g. Forest Research 
Institute 1997).  
 
Naturally-regenerated stands of totara are found in many pastoral areas throughout 
New Zealand (Wardle 1974). Like planted stands, these regenerating stands could 
also be managed as a wood resource. Most stands range in age from 50-120 years 
and are the result of regeneration since original land clearing. Regeneration occurs 
in grass to form pure stands or within scrub comprising various proportions of kanuka 
(Kunzea ericoides), manuka (Leptospermum scoparium) and gorse (Ulex 
europaeus). Totara occurs as scattered trees or in groves, along fencelines and 
roadsides (Esler 1978), in more extensive regenerating stands on hill country, and 
along riparian areas and river flats where it is sometimes mixed with kahikatea 
(Dacrycarpus dacrydioides) (e.g., Duguid 1990; Wardle 1991).  
 
Observations of the regeneration patterns of totara on farmland in Northland indicate 
that it readily regenerates on steep hill slopes in pasture where some grazing 
pressure exists (Bergin 2001). It is relatively unpalatable to farming stock and, 
therefore, becomes a problem for landowners keen to retain land in pasture. 
Establishment strategies for totara appear to vary, depending on site and existing 
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vegetation cover. On steep hill slopes where there is a nearby seed source, totara 
can develop into small stands of saplings within 20 years when the site is not heavily 
grazed or cleared regularly by landowners. 
 

Scope for management 
The abundance of totara in pastoral areas where reversion of marginal hill country is 
occurring indicates that there is a considerable resource of totara with the potential to 
be managed as a future long-term supply of specialty timber. An investigation of the 
development of naturally-regenerating totara-dominant stands of indigenous scrub 
and forest on farmland undertaken in Northland indicates that stands eventually 
develop into pole and semi-mature stands as natural thinning occurs with age 
(Bergin 2001).  
 
Improved growth rates of natural stands are expected to be achieved by thinning. An 
investigation of a range of silvicultural treatments is therefore required to determine 
optimum thinning and pruning regimes for a range of naturally-regenerating stands of 
totara on farmland.  
 
Comparison with plantations 
Totara have been established as planted stands in many regions over the last 
century (Pardy et al. 1992). Although most plantations are relatively small in extent or 
have performed poorly due to planting on difficult sites and minimal post-planting 
care (e.g., Beveridge et al. 1985; Bergin and Pardy 1987), some stands  provide an 
indication of the potential growth rates including timber yields from the older stands.  
 
Two of the best performing totara plantations are in the Northland and Auckland 
regions. Both stands were planted at densities in excess of 2000 stems per ha and 
have a decreasing mean annual growth rate due to intense competition. Thinning of 
these plantations allows comparison of growth responses to thinned naturally-
regenerating stands of totara.  
 
 
 
OBJECTIVES 
 
The objectives of the project are: 
 
• To establish a minimum of two sites around Northland for demonstration trials 

evaluating a range of thinning and pruning options in naturally-regenerating 
stands of differing ages;  

• To evaluate the wood quality of thinnings from selected stands, using both 
laboratory testing procedures and local processors and end-users in developing 
and testing demonstration products; 

• To establish thinning and pruning trials in at least one established totara 
plantation; and 

• To compare growth rates, stand productivity and wood quality of extracted 
thinnings of naturally-regenerating stands with plantation totara.  
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METHODS 
 

Trial areas 
Reconnaissance of significant areas of regenerating forest on farmland was required 
to identify representative areas dominated by totara that were sufficiently large to 
accommodate at least two adjacent plots for comparison of silvicultural regimes. As 
found with previous work (Bergin 2001), the totara-dominant resource is highly 
variable, and even over short differences, tree sizes, stand density and species 
composition can change significantly.  
 
Sites were selected in three Northland districts by late 2007 – Whangarei, 
Kaeo/Okaihau and Herekino. This included four farms in the Whangarei cluster 
located from the northern shores of the Whangarei Harbour to north of Hikurangi, 
three farms in the Kaeo/Okaihau cluster located near these townships, and two farms 
near Herekino, approximately 30 km directly south of Kaitaia. Sites were selected on 
the basis that they were representative of totara-dominant forest in the region. 
 
Plots were also established and re-measured in two plantations of totara. A 100-year-
old plantation was located in Puhipuhi, Northland and a 21-year-old plantation was 
located at Tapapakanga Regional Park, Firth of Thames, south of Auckland. 
 
Trial design and silviculture 
At each site, one or more totara-dominant stands were identified based on stand 
age, stocking and site characteristics. Depending on the stand size, two or more 
plots were established within each stand. This allowed establishment of both control 
plots and thinned and pruned plots within each stand, allowing a direct comparison of 
the effects of silviculture to be made. Treatments were assigned randomly to the 
plots within each stand. For each stand, one plot was selected to be a non-thinned 
control. The remaining plot or plots were thinned and pruned. Where there were 
more than two plots within a stand, the treated plots were thinned to different 
intensities. 
 
Stands were thinned from densities of over 6000 stems per ha to varying levels of 
stocking ranging from 700 - 2000 stems per ha. Level of thinning was influenced by 
natural variation in stem density, species composition and tree size. An aim at each 
thinned plot was to maintain a reasonably consistent stocking and hence canopy 
cover throughout each of the plot areas, and consequently this also influenced the 
level of thinning. Average tree diameters ranged from 10–18 cm and heights from 8–
15 m. It was difficult to reach target thinning rates without leaving large gaps in parts 
of some plots.  
 
Form pruning involved removing all branches from 2–8m above ground level on all 
residual crop trees including multiple leaders and larger steep angle branches. 
Height of pruning was determined on tree size, with the aim of retaining at least one 
third of the green crown. Pruning was only carried out in thinned plots. 
 
Some plots, although dominated by totara, had significant numbers of kanuka, 
tanekaha (Phyllocladus trichomanoides) and towai (Weinmannia silvicola) with 
occasional other species such as miro (Prumnopitys ferruginea). Thinning was not 
aimed at achieving a monoculture of totara. While kanuka was often felled in favour 
of adjacent well formed totara, some thinned plots still had a proportion of kanuka, 
tanekaha, and other species occupying the canopy where they were not competing 
with totara.  
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Establishment of plots  
Most plots were established in mid-2007 prior to any silviculture. Plots comprised 
mostly circular Permanent Sample Plots (PSPs) established using the methods of 
Ellis and Hayes (1997). These bounded circular plots ranged in diameter from 14-
22.8 m. Smaller plots had to be established at some sites including occasional 
square or rectangular plots to keep within relatively consistent forest types. A treated 
wooden 50 mm x 50 mm peg was placed in the plot centre, or at corners of square or 
rectangular plots. GPS coordinates were recorded for the centre of each plot. 
 
The average slope and aspect of each plot were recorded as well as other site 
characteristics such as recent evidence of disturbance from farm stock and other 
animals, number of fallen dead stems and any other disturbance. The presence of 
ground cover and lower tier vegetation was also noted. Any anecdotal information 
from landowners on stand history was also recorded. All stands have been 
photographed.  
 
There were two sites where plots were established prior to mid-2007. Four plots at 
the COOP site were included from an earlier study established in 1999 where 3 plots 
had been thinned to different levels at that time. The QUIN plots had also been 
established in the late 1990s and thinning was carried out over a number of years for 
QUIN2 initially involving removal of tree ferns and later selected hardwoods and 
totara.  
 
Tree assessments 
Before silvicultural work began, all stems within each plot were measured for 
diameter at breast height (DBH at 1.4 m above ground) by species including all 
understorey vegetation and saplings with a DBH 0.5 cm and above. Diameters were 
also taken of dead standing trees. All tree species were included in field 
assessments before thinning and pruning operations. Heights of a sub-sample of 
trees were measured using a Vertex following standard PSP procedures of Ellis and 
Hayes (1997). The thinned plots were then re-measured immediately following 
silviculture. All plots were re-measured in mid-2008 and mid-2009. 
 
Plantations 
Silviculture in one of the two totara plantations to be thinned as part of this project 
has been completed. Several thinning intensity treatments were applied to four 50-
tree blocks planted 19 years ago at the Tapapakanga Regional Park, south 
Auckland. Each block was surrounded by at least a single row of totara acting as a 
buffer to reduce edge effects. With high survival, stocking was near the original 2500 
stems/ha. Average DBH was 16 cm and stand height 6-7 m.  
 
The following thinning treatments were applied in mid-2006: 
 
1. Control (no thinning) – stand left at the current density of 2500 stems/ha;  
2. Light thinning – 33% of stems removed reducing density to approximately 1650 

stems/ha; 
3. Intermediate thinning – 50% of stems removed reducing density to 1250 

stems/ha; 
4. Intensive thinning – 66% of stems removed reducing density to 825 stems/ha;  
 
Residual trees in all blocks were pruned to approximately 2 m above ground. This 
included numerous double leaders and steep angle large branches. DBH was 
recorded for all trees before and after treatment.  
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While four PSPs have been established in two remnants of the Puhipuhi totara 
plantation, there has been no silviculture carried out to date.  
 
Wood quality studies 
Year 3 involved the felling of several small naturally-regenerating stands of totara on 
the property of Geof Cookson located near Kawakawa, Northland. Before felling, all 
trees in the five stands were numbered and measured for diameter and height. A tree 
form score developed by Kennedy (2007) was also applied to each tree. All trees 
were photographed before felling.  
 
Trees were felled in early 2009 by a local miller, Martin Kruse, and sawn using a 
portable sawmill on-site. Ten logs covering a range of sizes and stem forms were 
selected from about 60 logs for a preliminary grading study. The final selection of 
stems covered: 
 
• Large and small logs 
• Straight and malformed logs (but still millable) 
• Butt logs and second logs 
• Large and small branched logs 
 
The aim was to include poor form logs to determine if they still yielded valuable 
timber. Large and small end 50 mm discs were collected and all 10 logs were 
assessed for top and bottom diameter underbark, visible form and branching. The 
original tree numbers and directional orientation were retained so that the results 
could be compared with photos of the standing trees. 
 
Logs were cut into 55 mm wide slabs so that utilisation options remained open until 
after drying. The logs were re-assembled with fillets on the site and transferred to a 
barn with good air flow for air-drying.  
 
Analysis of tree growth data in regenerating stands 
All plot measurements from regenerating stands were entered on computer. In 
excess of 5000 trees were measured across 44 plots. For each plot measurement, 
stocking of stems greater than 5 cm in DBH was calculated. A height-diameter 
function was fitted to the data in each plot enabling heights of all trees to be 
estimated.  
 
As no individual tree volume function for pole totara exists, the volume function 
developed for pole rimu by Ellis (1979) was used to derive a stem volume for each 
tree using the measured DBH and estimated height. Mean height, DBH and per 
hectare basal area and volume was then calculated for each plot measurement. 
Annual volume and DBH increments were calculated for each plot for 2007-2008, 
2008-2009, and over the 2-year period 2007-2009. When calculating volume 
increments, this was separated into a growth component (based on the growth of 
trees live at both measurements) and a negative mortality component (based on 
trees that died between measurements). Both components and the net volume 
increment consisting of their summed effects are reported. 
 
The effect of thinning and pruning treatment on growth increments compared with the 
non-thinned control plots was tested using analysis of variance (ANOVA). The model 
used for this analysis included a term for stand and a term for treatment. This 
enabled differences between stands to be accounted for when comparing silvicultural 
treatment. The ANOVAs provided a table of mean increments for each stand, and for 
control and thinned treatments with tests of the statistical significance of each.  
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RESULTS AND DISCUSSION 
 
Location of sites 
The 38 PSPs located in naturally-regenerating totara stands in Northland were 
located on 9 farms across the three clusters. For the Whangarei cluster the sites are: 
 
• Oxborrow, Parua Bay – 7 plots (plot code OXBO) 
• Hamilton, Waikaraka – 6 plots (TODD) 
• Donelley, Glenbervie – 2 plots (DONE) 
• Mackey, Russell Road – 3 plots (JIMM) 
 
For the Kaeo/Okaihau cluster the sites are: 
 
• Crawford, Okaihau – 6 plots (CRAW) 
• Quinlan, Kaeo – 2 plots (QUIN) 
• Lane, Waiare Rd – 5 plots (LANE) 
 
For the Herekino cluster the sites are: 
 
• Coopers, Awaroa – 4 plots (COOP) 
• Renwick, Herekino – 3 plots (RENW) 
 
Plots established in two plantations are: 
 
• Puhipuhi plantation, Northland – 4 plots (PUHI) 
• Tapapakanga Regional Park, Auckland – 4 plots (TAPA) 
 
Selected stand and plot details are given in Table 1 and locations of sites within each 
of the three clusters in Northland are shown in Figure 1. The location of the TAPA 
site in South Auckland is indicated within the inset diagram of the North Island. 
Several sites comprised more than one stand type based on average size and 
stocking and these have been identified separately in Table 1 as stand codes. Each 
stand has 1 or 2 thinned plots matched to a non-thinned control plot.  
 
Thinning intensity 
The basal area thinning ratio across all species indicates that between 15-60% of the 
basal area has been removed by thinning (Table 2). The basal area thinning ratio 
also indicates that while thinning in most stands predominately involved removal of 
totara, there were some stands where a high proportion of the thinned trees were 
species other than totara. The OXBO and RENW plots in particular had a relatively 
high proportion of kanuka. Plot OXBO3 for instance had no totara thinned, yet at 
least one-quarter of the basal area was removed, most of which was kanuka. 
OXBO4 had only 10% of totara removed but a total thinning of over 30% of 
predominately kanuka was removed.   
 
Stocking 
Stocking of stems varies from over 5500 stems per ha in TODD3 to 1000 in QUIN1 
for the non-thinned control stands and from over 2200 stems per ha in DONE1 to 
650 in TODD2 for thinned stands (Table 2). Despite the natural stand variability that 
was difficult to avoid when establishing plots, most thinned plots have lower stem 
densities compared to their matched non-thinned control plots. The one exception is 
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the COOP stand where the control plot is sited in a lower stocked part of the stand 
compared to the thinned plots.  
 
Diameter and height 
Mean stem diameter in 2009 varied from 8.6-21.5 cm for thinned plots and 9.3-18.6 
cm for control plots (Table 2).  Mean predicted height varied across all plots from 7-
16 m.  
 
Diameter increment 
Mean annual diameter increment varied between 0.06 and 0.2 cm across the 
controls (Table 2; Figure 2). Thinning resulted in an increase in diameter growth of 
trees compared to non-thinned controls at all sites (Figure 2). However, there are 
significant differences between sites. The sites showing the greatest response to 
thinning are LANA, RENW and TODB with a 4-5 fold increase in diameter growth 
over the two years after thinning compared to the non-thinned controls. Most others 
showed a 2-3 fold increase, but some low productivity sites have only had a marginal 
increase in growth of totara to thinning. The four lowest productivity stands with less 
than 0.2 cm annual diameter increment are CRAA, CRAB, DONE, OXBC. Thinning 
has resulted in doubling of diameter growth rate with three of these stands but lowest 
performing stand CRAA has a particularly poor response to thinning.  
 
While there are clear differences between sites that are likely to be attributable to a 
range of site factors such as soil fertility and degree of exposure, the boost in growth 
in thinned plots appears to be related to some degree to the intensity of thinning. In 
terms of basal area, the best performing thinned stands (LANA, RENW, TODB) had 
been heavily thinned by 50-60% (Table 2). In contrast, the stands with the lowest 
boost in diameter growth rate (e.g., CRAA, CRAB, DONE, OXBC) had less than 40% 
removed and in some cases this was entirely unthrifty kanuka.  
 
The ANOVA used to test for a statistical difference in diameter increment between 
control and thinned plots demonstrated that response in mean annual diameter 
increment to thinning was statistically highly significant. The overall result showing 
average diameter increment in thinned and control plots across sites is shown in 
Figure 3.  
 
The stands QUIN, COOP and CRAC were excluded from this and subsequent 
ANOVAs. QUIN could not be used because there was no DBH measurement made 
for this stand in 2007 meaning that the total 2-year increment could not be 
calculated. The COOP stand was excluded from the analysis because it was thinned 
several years prior to the others and was therefore not directly comparable. Finally, 
CRAA was excluded because the extremely light thinning treatment used in this 
stand (BA thinning ratio 0.85) meant that it was effectively unthinned, and it is not 
surprising therefore that the response due to thinning in this stand was less than in 
any other (Figure 2).  
 
Across the remaining stands, non-thinned plots had a mean diameter increment of 
0.10 cm per year compared to 0.30 cm per year in the thinned plots, a statistically 
highly significant difference (p=0.0007). Despite a poor response in growth to 
silviculture in some stands, diameter growth averaged across all plots showed a 3-
fold increase in response to thinning.  
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Figure 1: Location of sites within clusters in 3 Northland areas where PSPs have been established in 
naturally-regenerating totara stands. The plantation PUHI is located north of Whangarei while the 
location of the plantation TAPA in South Auckland is indicated in the inset. 
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Table 1: Selected stand and plot details for the 46 Permanent Sample Plots established 
in Northland for naturally-regenerating totara stands and for two plantations 

 
Cluster No. of 

plots 
Plot 
code 

Stand 
code 

Silvicultural 
Treatment  

Plot size 
(ha) 

Plot type 

1 DONE1 DONE Thinned 0.0144 Square 
2 DONE2 DONE Control 0.00675 Rectangle 
3 JIMM1 JIMM Control 0.04 Circular 
4 JIMM2 JIMM Thinned 0.04 Circular 
5 JIMM3 JIMM Thinned 0.04 Circular 
6 OXBO1 OXBOA Thinned 0.04 Circular 
7 OXBO2 OXBOA Control 0.04 Circular 
8 OXBO3 OXBOA Thinned 0.04 Circular 
9 OXBO4 OXBOB Thinned 0.04 Circular 
10 OXBO5 OXBOB Control 0.04 Circular 
11 OXBO6 OXBOC Thinned 0.04 Circular 
12 OXBO7 OXBOC Control 0.04 Rectangle 
13 TODD1 TODDA Control 0.04 Circular 
14 TODD2 TODDA Thinned 0.04 Circular 
15 TODD3 TODDB Control 0.0113 Circular 
16 TODD4 TODDB Thinned 0.0113 Circular 
17 TODD5 TODDC Control 0.04 Circular 

Whangarei 
(naturally 

-regenerated) 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 18 TODD6 TODDC Thinned 0.04 Circular 

19 CRAW1 CRAWA Thinned 0.03 Square 
20 CRAW2 CRAWA Control 0.03 Square 
21 CRAW3 CRAWB Control 0.0154 Circular 
22 CRAW4 CRAWB Thinned 0.0154 Circular 
23 CRAW5 CRAWC Thinned 0.04 Circular 
24 CRAW6 CRAWC Control 0.04 Circular 
25 LANE1 LANEA Control 0.0201 Circular 
26 LANE2 LANEA Thinned 0.0201 Circular 
27 LANE3 LANEA Thinned 0.0201 Circular 
28 LANE4 LANEB Thinned 0.04 Circular 
29 LANE5 LANEB Control 0.04 Circular 
30 QUIN1 QUIN Thinned 0.04 Circular 

Kaeo/Okaihau 
(naturally 

-regenerated) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 31 QUIN2 QUIN Control 0.03 Circular 

32 COOP4 COOP Thinned 0.0314 Circular 
33 COOP5 COOP Thinned 0.02 Circular 
34 COOP6 COOP Thinned 0.02 Circular 
35 COOP7 COOP Control 0.0113 Circular 
36 RENW1 RENW Thinned 0.04 Circular 
37 RENW2 RENW Thinned 0.0254 Circular 

Herekino 
(naturally 

-regenerated) 
 
 
 
 
 
 38 RENW3 RENW Control 0.0254 Circular 

39 PUHI1 PUHI Not thinned 0.04 Circular 
40 PUHI2 PUHI Not thinned 0.04 Circular 
41 PUHI3 PUHI Not thinned 0.04 Circular 

Puhipuhi 
(plantation) 

 
 
 42 PUHI4 PUHI Not thinned 0.04 Circular 

43 TAPA9 TAPA Thinned 0.02 Rectangle 
44 TAPA10 TAPA Thinned 0.02 Rectangle 
45 TAPA11 TAPA Thinned 0.02 Rectangle 

Tapapakanga 
Regional Park 

(plantation) 
 46 TAPA12 TAPA Control 0.02 Rectangle 
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Table 2: Stand characteristics and growth responses to thinning for the 18 Permanent Sample Plots established in mid-2007 in naturally-
regenerating stands of totara on farms in the Whangarei/Glenbervie Cluster, Northland. Plots within similar stand types where  

pairs or triple plots have been established are indicated by alternating shade and clear fill within the table.  
 Data is based on stems equal or greater than 5 cm in diameter 

 

Plot Stand Treatment 
Plot 
area 

Basal 
area 

thinning 
ratio 
(totara) 

Basal 
area 

thinning 
ratio 

(all spp.) 

Stocking 
2009 
>5cm 

(stems/ha) 

Basal 
area 
2009 
(m

2
/ha) 

DBH 
2009 
(cm) 

Pred. 
Height 
2009 
(m) 

Volume 
2009 
(m

3
/ha) 

Annual 
DBH 

increment 
 (cm/yr) 

Annual 
volume 

increment 
 (m3

/ha/yr) 

Annual 
volume 
mortality  
(m

3
/ha/yr) 

Net 
annual 
volume 

increment  
(m

3
/ha/yr) 

Whangarei/Glenbervie Cluster 

DONE1 DONE Thinned 0.0144 0.68 0.68 2222 71.0 19.7 15.7 499.9 0.12 8.7 0.0 8.7 
DONE2 DONE Control 0.0068   3676 101.3 18.2 13.9 640.2 0.06 6.3 -24.4 -18.1 
JIMM1 JIMM Control 0.04   1775 41.0 16 8.9 180.7 0.19 5.7 0.0 5.7 
JIMM2 JIMM Thinned 0.04 0.80 0.80 1350 35.5 16.8 10.2 189.4 0.22 5.8 0.0 5.8 
JIMM3 JIMM Thinned 0.04 0.52 0.51 925 23.3 16.5 11.2 127.9 0.26 4.1 -1.6 2.5 
OXBO1 OXBA Thinned 0.04 0.80 0.69 1650 18.9 11.1 8.8 84.8 0.14 2.3 -2.9 -0.7 
OXBO2 OXBA Control 0.04   1950 16.0 9.3 7.1 66.4 0.11 2.1 0.0 2.1 
OXBO3 OXBA Thinned 0.04 1.04 0.73 1325 13.4 10.3 8.4 62.9 0.28 3.9 0.0 3.9 
OXBO4 OXBB Thinned 0.04 0.91 0.68 1600 28.4 13.9 9.9 140.3 0.24 4.9 0.0 4.9 
OXBO5 OXBB Control 0.04   1825 35.8 14.3 9.0 170.2 0.13 3.7 -0.6 3.1 
OXBO6 OXBC Thinned 0.04 0.66 0.63 1400 32.9 16.3 10.0 153.1 0.17 3.5 -0.2 3.3 
OXBO7 OXBC Control 0.04   3050 50.3 12.9 10.8 251.0 0.07 3.8 -1.6 2.2 
TODD1 TODA Control 0.04   1675 54.0 18.6 14.2 376.0 0.19 9.1 -1.8 7.3 
TODD2 TODA Thinned 0.04 0.84 0.81 650 28.6 21.5 14.4 210.6 0.37 8.6 0.0 8.6 
TODD3 TODB Control 0.0113   5575 63.6 11.2 11.1 343.6 0.06 6.6 -3.7 2.9 
TODD4 TODB Thinned 0.0113 0.47 0.45 1416 37.1 17.9 13.7 228.9 0.61 16.7 0.0 16.7 
TODD5 TODC Control 0.04   2325 39.0 13.1 8.6 185.9 0.07 3.6 -0.5 3.1 
TODD6 TODC Thinned 0.04 0.70 0.61 1600 24.3 13.2 8.7 108.1 0.25 4.6 0.0 4.6 
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Table 2 (continued): Stand characteristics and growth responses to thinning for the 13 Permanent Sample Plots established in mid-2007 in 
naturally-regenerating stands of totara on farms in the Kaeo/Okaihau Cluster, and the 7 plots established in the Herekino Cluster, Northland. Plots 

within the same stand type where pairs or triple plots have been established are indicated by alternating  
shade and clear fill within the table. Data is based on stems equal or greater than 5 cm in diameter 

 

Plot Stand Treatment 
Plot 
area 

Basal 
area 

thinning 
ratio 
(totara) 

Basal 
area 

thinning 
ratio 

(all spp.) 

Stocking 
2009 
>5cm 

(stems/ha) 

Basal 
area 
2009 
(m

2
/ha) 

DBH 
2009 
(cm) 

Pred. 
Height 
2009 
(m) 

Volume 
2009 

(m
3
/ha/yr) 

Annual 
DBH 

increment 
 (cm) 

Annual 
volume 

increment 
 (m

3
/ha/yr) 

Annual 
volume 
mortality  
(m

3
/ha/yr) 

Net 
annual 
volume 

increment  
(m

3
/ha/yr) 

Kaeo/Okaihau Cluster 

CRAW1 CRAA Thinned 0.03 0.87 0.85 1033 34.9 17.9 15.0 272.2 0.10 5.1 -1.3 3.8 
CRAW2 CRAA Control 0.03   1600 40.7 16.1 13.2 289.5 0.09 4.1 -1.3 2.9 
CRAW3 CRAB Control 0.0154   1688 14.6 9.6 10.2 78.5 0.07 2.2 -1.8 0.3 
CRAW4 CRAB Thinned 0.0154 0.80 0.66 1623 22.6 11.8 11.0 130.3 0.17 5.1 -0.3 4.8 
CRAW5 CRAC Thinned 0.04   1925 20.9 11.2 8.9 91.6 0.06 1.5 -4.0 -2.6 
CRAW6 CRAC Control 0.04   2200 21.8 10.5 8.2 90.4 0.07 1.6 -4.9 -3.3 
LANE1 LANA Control 0.0201   4229 38.9 10.1 8.7 170.0 0.06 2.5 -2.3 0.2 
LANE2 LANA Thinned 0.0201 0.53 0.48 1244 24.3 14.6 10.0 121.2 0.50 8.1 -0.1 8.0 
LANE3 LANA Thinned 0.0201 0.53 0.49 1542 20.0 12.6 9.6 91.5 0.66 10.5 -0.6 9.9 
LANE4 LANB Thinned 0.04 0.69 0.60 1000 26.8 17.0 16.2 199.5 0.26 7.0 0.0 7.0 
LANE5 LANB Control 0.04   1225 28.5 15.3 15.1 213.9 0.14 4.7 -7.7 -3.1 
QUIN1 QUIN Control 0.04   1000 14.1 12.1 9.8 72.9     
QUIN2 QUIN Thinned 0.04   800 15.6 14.6 8.4 70.0     

Herekino Cluster 

RENW1 RENW Thinned 0.04 0.85 0.40 1025 10.3 10.7 9.0 46.8 0.58 5.5 -0.4 5.0 
RENW2 RENW Thinned 0.0254 0.95 0.51 1496 10.0 8.6 7.1 37.4 0.42 3.6 -0.6 3.0 
RENW3 RENW Control 0.0254   1693 14.4 9.5 9.0 62.3 0.12 1.5 -0.8 0.8 
COOP4 COOP Thinned 0.0201   2090 50.8 16.6  . 0.32    
COOP5 COOP Thinned 0.0201   1841 43.8 16.5   0.31    
COOP6 COOP Thinned 0.0201   945 34.0 20.8   0.37    
COOP7 COOP Control 0.0113   1593 35.3 15.8   0.20    
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Figure 2: Mean annual DBH increment for control and thinned plots established in naturally-
regenerating totara stands in Northland. 
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Figure 3: Annual DBH increment across all sites excluding QUIN, CRAC and COOP for the non-
thinned control and thinned plots established in naturally-regenerating totara stands in 
Northland for the first and second year after thinning treatment was applied. Error bars show 
standard errors. 

 
 
However, some caution must be taken when interpreting this increased mean 
diameter growth. To some extent, thinning can induce an apparent increase in 
growth simply because the smaller more moribund trees are removed during thinning 
leaving the faster growing larger stems behind. This can lead to an increase in mean 
growth even when growth rates of individual trees have not increased. This thinning 
selection effect can be eliminated by including initial DBH (measured in 2007) as a 
covariate in the ANOVA. This method of analysis adjusts the mean diameter 
increments to a standardized common initial DBH. The results of this analysis 
(Figure 4) show that thinning induced a very real and substantial increase in the 
diameter growth of residual trees which was statistically highly significant (p=0.0041). 
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This growth response was apparent even during the first year following thinning 
(p=0.0080). Even after accounting for the thinning selection effect, DBH increments 
in thinned plots were on average 2.5 times greater than in control plots. Growth rate 
in the second year following silviculture was greater than in the year following 
thinning, especially in the thinned plots, but also to a lesser extent in the controls, 
and may be related to overall better growing conditions in the second year. 
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Figure 4: Annual DBH increment across all sites excluding QUIN, CRAC and COOP for the non-
thinned control and thinned plots established in naturally-regenerating totara stands in 
Northland for the first and second year after thinning treatment was applied. Means have been 
adjusted to a common initial DBH for thinned and control treatments to eliminate thinning 
selection effects. Error bars show standard errors. 

 
 
 
Volume increment 
Mean annual volume increment for the first and second year after thinning and 
pruning is shown in Figure 5. There was a significant increase in net volume in 
response to thinning in both years after thinning was applied averaging 5-6 m3 per ha 
per year. In contrast, a decrease in mean net volume in the first year reflected high 
mortality in the very dense control plots, with over 3 times the mortality compared to 
thinned plots. In the second year there was an almost 2 m3 per ha per year average 
increase in net volume in the control plots, but this remained significantly lower than 
the mean net volume increase in the thinned plots. Overall, there continues to be 
virtually no windthrow losses from thinned stands. The ANOVA indicated that the 
increased net volume growth in thinned plots compared with controls was statistically 
significant (p=0.013). 
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Figure 5: Annual volume increment across all sites excluding QUIN, CRAC and COOP for the 
non-thinned control and thinned plots established in naturally-regenerating totara stands in 
Northland for the first and second year after thinning treatment was applied. Error bars show 
standard errors. 

 
 
Based on growth over the first two years after thinning, mean annual volume 
increment of growing trees was almost 7 m3 per ha for thinned plots compared to 4 
m3 per ha for the non-thinned control plots across all stands (Figure 6), this 
difference being statistically highly significant (p=0.0077). Mortality was 3 times 
greater within control plots compared to thinned plots suggesting these natural 
stands are at their maximum density and are likely to be at the -3/2 thinning line 
(Weller 1987). The combined effects of reduced mortality and increased growth led 
to a highly significant increase in net volume growth in response to thinning, even 
though the thinned plots had less stems than the non-thinned control plots. When 
mortality and volume growth are combined, thinned totara pole stands are producing 
nearly 6 m3/ha per year compared to less than 1 m3/ha per year for non-thinned 
poles stands, a statistically significant difference in volume growth. 
 
 
Plantations 
Diameter, height and volume are given in Table 3 for the 100-year-old plantation of 
totara located at Puhipuhi, Northland, and in Table 4 for the 21-year-old plantation 
located at Tapapakanga Regional Park, south Auckland.  
 
The Puhipuhi plantation has not yet been thinned. Differences between plots are a 
result of natural thinning with stocking varying from 1225 to 1800 stems per ha. The 
lowest stocked plot (PUHI1) has the greatest average diameter at 38 cm. Growth for 
all plots is slow at around 1 mm per year.  
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Figure 6: Mean annual volume increment and decrement for growth, mortality and growth and 
mortality combined across all sites excluding QUIN, CRAC and COOP for the non-thinned 
control and thinned plots established in naturally-regenerating totara stands in Northland. Error 
bars show standard errors. 

 
 

Table 3: Stand characteristics and current mean annual growth rates in diameter and 
volume for the 100-year-old plantation of totara at Puhipuhi, Northland. These plots 

have not yet been thinned. Area of each plot is 0.04 ha 

 
Plot 
 
 
 

Dbh 
 (cm) 

 

Annual 
Dbh 

increment 
(cm) 

Predicted 
Height 
(m) 

Stocking 
(stems/ha) 

 

Volume  
(m

3
/ha) 
 

Volume 
increment 
(m

3
/ha/yr) 
 

PUHI1 38.4 0.11 24.6 1225 1519.5 10.7 
PUHI2 34.5 0.09 24.1 1550 1525.3 10.3 
PUHI3 28.4 0.13 23.2 1800 1135.2 8.4 
PUHI4 31.4 0.12 23.6 1550 1228.8 7.4 

 
 
Plots within the Tapapakanga plantation have variable diameters and were thinned 
from 2400 stems per ha to various levels. Thinned plots show an expected volume 
decrement from 2-10 m3/ha/year compared to the non-thinned control (Table 4).  
 
 
Wood quality studies 
As described in Bergin (2008) log sections were recovered from two selected 
naturally-regenerating stands and the Tapapakanga plantation. Cross-sectional discs 
were also sampled from four farms for green wood density analysis in Year 2 as 
reported in Bergin (2008) along with a review of information on durability of totara.  
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Table 4: Stand characteristics and current mean annual growth rates in diameter and 
volume for the 21-year-old plantation of totara at Tapapakanga Regional Park, near 

Auckland. Area of each plot is 0.02 ha 

          

Plot 
 
 
 

% 
No. 

stems 
thinned 

Dbh 
(cm) 
 
 

Annual 
Dbh 

Increment 
(cm) 

Predicted 
Height 
(m) 
 

Stocking 
(stems/ha) 

 
 

Volume  
(m

3
/ha) 
 
 

Volume 
increment 
(m

3
/ha/yr) 
 

TAPA9 25 14.8 0.18 9.0 1850 136.9 -1.8 
TAPA10 50 18.3 0.56 10.9 1250 168.0 -9.7 
TAPA11 66 14.3 0.22 8.1 1650 105.5 -4.0 
TAPA12 Control 12.6 0.20 7.9 2400 116.5 3.6 

 
 
Progress with felling and grading of the several small naturally-regenerating stands of 
totara on the property of Geof Cookson located near Kawakawa, Northland, has 
been reported by Dave Cown in Appendix 1. This has involved selection of 10 logs 
from the 60 logs taken from the five stands felled. The slabs, each sawn to 55 mm, 
have been stacked and filleted in a farm shed for air drying. The File Note covers 
discussion with Paul Quinlan and the need to secure further funding so that a range 
of treatments including kiln drying and scientific wood quality testing can be 
undertaken.  
 
Technology transfer 
Progress over the last three years of this project was presented to over 40 attendees 
at a seminar held at Hikurangi on 20th June 2009. At least half the audience were 
new to the work of the Northland Totara Working Group and the silvicultural trials in 
pole totara stands. Presenters and the topics at the workshop are indicated on the 
flyer attached at the end of this report and included: 
 
• Helen Moodie, Landcare Trust – background and progress with the SFF project 
• David Bergin, Scion – update on two years of measurements from the NTWG 

silvicultural trials  
• Owen Lewis, Indigenous Silviculturalist – performance of thinned stands at 

Herekino and principles of thinning totara pole stands 
• Paul Quinlan, landowner, Kaeo – facilitated discussion with local sawmiller Martin 

Cruze and furniture maker John Marley on wood properties and use of farm-
grown totara timber.  

 
Events and outputs relevant to the silvicultural trial component of this project during 
the third year included: 
 
• Articles in the third NTWG Newsletter in 2009 and updates of progress in the 

Tane’s Tree Trust Newsletter; 
• Promotion of the project within the N-BEG site at the Dargaville field days in 

February 2009; 
• Promotion at the Scion stand at the National Agricultural Fieldays in June 2009;  
• Seminar held at Hikurangi on including a field trip to the Puhipuhi plantation (refer 

Appendix 2 for fieldtrip notes); 
• Article drafted by Dave Cown, David Bergin and Paul Quinlan for the NZ Tree 

Grower for publication in November 2009 issue (Cown et al. 2009).  
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CONCLUSIONS 
 
While these early results do indicate a significant increase in growth in totara pole 
stands on farms in response to thinning, the response is highly variable between 
stands. This variability in growth is likely to be related to a combination of different 
intensities of thinning and site types.  
 
There were concerns at increasing the vulnerability of heavily thinned stands to 
windthrow so a conservative approach was undertaken when determining the 
intensity of thinning in many of the stands (Bergin 2007). However, there has been 
virtually no loss of trees across the 25 thinned plots in naturally-regenerating totara or 
the single plantation. As those stands with a relatively light thinning have 
correspondingly had a lower growth response compared to their controls, further 
thinning of slow-growing, lightly-thinned stands should be considered.  
 
Continuing research could also include an investigation of the site factors that may 
be influencing productivity. The option of improving productivity with application of 
fertilizer, especially for slow growing stands, is one possible treatment worth 
investigation. A full assessment of the thinned and control plots is recommended in 
three years time to determine growth trends between silviculture treatments five 
years after the trial was established.  
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Appendix 1: File note on mill study of farm-growth totara felled 
and milled on a farm new Kawakawa, Northland 
 
 
FILE NOTE 
 
J12611 - NTWG Activity – Dave Cown 
 
May 20/21 
 
Visited Kawakawa to view the Totara logs felled on the Geof Cookson property, 
selected 10 stems for possible assessment of wood quality characteristics, and 
commence sawing on site. 
 
Met with Paul Quinlan (NTWG) and Martin Kruse (sawmiller) on site and proceeded 
to select 10 logs from about 60 scattered in 3 piles around the farm. First impression 
was that the logs are variable in size and of very poor form, coming from untended 
stands of unknown age (but assumed to be about 100 years old). The final selection 
was not intended to represent the stand other than to cover: 
 
• Large and small logs 
• Straight and malformed logs (but still millable) 
• Butt logs and second logs 
• Large and small branches. 
 
The thinking was that if some of the “worst” logs were sawn and still yielded valuable 
timber that this would be a positive outcome. 
 
Large and small-end 50 mm discs were collected and all 10 logs were assessed for 
top and bottom diameter underbark, visible form and branching (see Table 1). The 
original tree numbers and directional orientation were retained so that the results 
could be compared with photos of the standing trees (Paul Quinlan). 
 
Martin started slabbing the logs into 55 mm slabs, which keeps utilisation options 
open until after drying. The logs were re-assembled with fillets on the site and will be 
transferred to a barn with good air flow for air-drying in the meantime. It is hoped that 
the discs can be transported to Scion in the next few weeks so that the ages of the 
trees can be determined with some confidence, and basic wood quality studies 
commenced.  
 
Discussion with Paul Quinlan 
The Totara group are focused on obtaining “wood quality” information on this farm 
resource, but admit to a serious lack of knowledge about what kind of technical data 
is required to convince land owners, Government officials and potential customers of 
the value – hence the involvement of Scion “for credibility”. 
 
Decisions on the fate of the slabs will await the outcome of the Sustainable Farming 
Fund bid, at which time a plan for use of material from 2 sites will be required. Even 
things like the numbers of stems required for the next study can only be guessed at 
this stage.  
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Personally, I feel that a lot could be learned from using local knowledge of things like 
recent use of farm-grown material for construction and joinery, and that a lot more 
could be learned by distributing material from these two study stands to willing 
participants in “service tests” - studies of material “in situ”. 
One of the bottlenecks to more rapid progress is the time required for air-drying. This 
should be tackled quickly by organising transport of wood from the first study down to 
Rotorua to monitor air-drying under cover and compare with kiln-drying (including a 
dehumidifier schedule). The sooner wood can be dried, the sooner it can undergo 
scientific tests and be placed in service tests.  
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Table 1: Log Characteristics for 10 selected totara logs felled from farm-grown stands at Kawakawa, Northland.  
 
Log 
No. 
 
 
 

SED 1 
Small 
end 

diameter 
(cm) 

SED 2 
Small 
end 

diameter 
(cm) 

Average 
SED 
(cm) 

LED 1 
Large 
end 

diameter 
(cm) 

LED 2 
Large 
end 

diameter 
(cm) 

Average 
LED 
(cm) 
 
 

Length 
(m) 
 
 
 

BIX* 
1 
(N) 
 
 

BIX* 
2 
(E) 
 
 

BIX* 
3 
(W) 
 
 

BIX* 
4 
(S) 
 
 

BIX* 
Average 

 
 
 COMMENTS 

              

1 51.5 39.0 45.3 62.0 49.5 55.8 4.2 280 235 0 60 143.8 
Medium form; straight grain; 
rotten branch 

2 54.0 70.0 62.0 80.6 84.0 82.3 3.8 44  120 68 77.3 
Double leader; straight grain; 
heavy branching 

2a 28.0 31.0 29.5 39.0 52.0 45.5 5.4 30 150 80 380 160.0 

Double leader removed @ 
2m; straight grain; rotten 
branch 

4 49.5 58.5 54.0 43.5 31.5 37.5 4.3 365 0 0 0 91.3 
Ugly log; heavy branching 
one side ; clear other? 

7 39.0 44.0 41.5 52.0 46.0 49.0 3.9 280 0 0 0 70.0 
Good form; straight grain; 
wide sapwood;  rotten branch 

15A 32.5 35.0 33.8 43.5 31.5 37.5 4.9 60 0 100 0 40.0 

Poor form; kink mid length; 
small branches; one of 
several forks? 

18A 31.0 33.0 32.0 42.3 38.0 40.2 3.9 0 0 0 0 0.0 
straight grain; no branches; 
rot one end 

31 81.0 66.0 73.5 76.0 69.0 72.5 4.9  190 0 160 116.7 
Poor form; kink mid length; 
one of several forks? 

33 45.0 46.5 45.8 68.0 63.0 65.5 5.1 0 110 135 190 108.8 
Good form; strong grain - 10 
degrees? 

35 65.0 71.0 68.0 85.0 66.0 75.5 3.6 265 250 235 300 262.5 
Good form; medium 
branches; rot in branches 

              
   48.525   56.12 4.402     107.03  

* BIX – Branch index is the mean of the largest branch in each of the four quadrants of a log. 
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Appendix 2: Hikurangi workshop field trip notes for inspection of the 
totara plantation at Puhipuhi, Northland 
 
 

100 year-old Totara Plantation 
 

Puhipuhi, Northland 
 

David Bergin 
Northland Totara Working Group  

Fieldtrip 20th June 2009 
 

 
Background 
 

• Two remnant stands were part of a 120 ha plantation of totara established by the 
Lands Department at Puhipuhi from 1904-09 as a long-term timber resource.  

• Seedlings were planted at 1.2 m x 1.5 m spacing (approx. 5000 stems per ha). 
• Site was dominated by grass and bracken which resulted in high initial mortality.  
• A large fire in 1913 left only a handful of remnant stands.  
• An inspection of the stand in the mid-1950s indicated cattle were roaming through the 

heavily shaded stands and thinnings were of little value due to lack of heartwood.  
 

 
 

Interior of the nearly 100-year-old totara stand at Puhipuhi, Northland.  
This is one of two remnants remaining on a dairy farm from a  

120 ha stand of totara planted by the Lands Department  
in the early 1900s. 
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Stand characteristics 
• The 2 stands are located on dairy farmland and are still unfenced with no understorey 

vegetation.  
• Each remnant less than half ha each; located approx. 500 m apart. 
• Stand near milking shed with density of 1275 spha; the other at 1925 spha.  
• Four Permanent Sample Plots (PSPs) established – 2 in each stand. 
 
Location 
 

Age 
(yrs) 

Stocking 
(stems ha

-

1
) 

Mean DBH 
(cm) 

DBH 
MAI 

(mm/yr) 

Mean 
height 
(m) 

Height MAI 
(cm/yr) 

Basal 
Area 

(m
2
ha

-1
) 

Total stem 
volume 
(m

3
ha

-1
) 

Total stem 
volume 
MAI 

(m
3
ha

-1
yr

-1
) 

Tapapkanga 10 2500 8.0 8.0 4.4 44 13.4 31 3.2 

Holts Forest 33 1975 15.4 4.7 9.3 28 37.5 167 5.1 

Kaingaroa* 36 - 12.9 3.6 7.8 22    

Kamo 43 - 39.9 9.3 17.0 40    

Glenbervie 46 975 29.2 6.3 12.3 27 67.9 393 8.6 

TeKaraka 50 1100 19.6 3.9 12.0 24 34.7 197 4.0 

Pukekura 62 1078 35.6 5.7 18.6 30 118.9 992 16.1 

Cornwall Park 70 - 73.6 10.5 20.3 29    

Purau 86 1100 27.7 3.2 11.2 13 70.3 380 4.4 

Prior 88 1000 39.4 4.5 18.3 21 128.0 1141 13.0 

Puhipuhi  89 1925 25.9 2.9 20.0 22 101.2 972 11.0 

Puhipuhi 
(shed) 

91 1275 35.0 3.8 22.9 25 128.3 1297 14.2 

Kamo (older) 94 - 48.3 5.1 20.2 21    

 
 
Growth and tree form 
• Mean diameter almost 10 cm greater in the less densely stocked stand (35 cm) 

compared with the dense stand (25.9 cm).  
• Mean stand height 20-23 m. 
• Similarly aged 94-year-old shelterbelt at Kamo have almost double the average DBH 

at 48.3 cm reflecting less competition between trees.  
• In comparison with other 

plantations where basal areas 
and volumes have been 
calculated, the growth rate of 
the two stands at Puhipuhi is 
comparable to the faster 
growing stands. 

• There is a high proportion of 
single leader stems many with clear boles over 10 m in height probably influenced by 
the high stocking within each stand.  

• The stand shows clear evidence of intense competition including slow growth and 
continual loss of trees; a native long-horn beetle is attacking the back and sapwood of 
only the suppressed subcanopy trees. 

• With the consent of the landowner, and subject to funding, the Northland Totara 
Working Group is planning to thin one PSP within each stand leaving the other PSP as 
a non-thinned control.  

 

Stand characteristics and performance of 
13 planted stands of totara. Stands are 
arranged from youngest to oldest. 
Assessed approximately 10 years ago. 
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Aging totara stands 
• The literature indicates that growth rings of totara can be difficult to use for estimating 

age of trees. Plantations such as the Puhipuhi stands that are of known age have 
been used to determine the accuracy of growth rings from increment cores. From this, 
methods have been developed for estimating age of naturally-regenerating stands in 
Northland.     

• Cores taken from both a slow growing and a fast growing tree in the same stand at 
Puhipuhi illustrate the contrast in growth ring clarity.  

• Distinct rings are evident in the slow growing tree along with occasional ring wedging 
and indistinct rings are often a feature in the faster growing tree. 

• Best mean estimates for most plantations between 1000-2000 stems ha-1 are within 
10% of actual age where cores with distinct rings are used. 

• For aging using rings, avoid small suppressed trees and fast-growing edge trees. 
• Increment cores indicate within-stand trees have a high proportion of sapwood.  
 

 

 
Increment cores taken from two trees from the same stand at Puhipuhi, Northland. 
Clear growth rings are formed by slower growing trees although counts indicate that 
rings may not be formed every year (top). Indistinct rings are a feature of faster growing 
trees, but indications are that more than one ring may be formed in some years as false 
rings are easily included in ring counts (bottom) (scale: 1 mm between lines). 

 


