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Purpose  

The fieldtrip is intended to provide the TAG with an overview of research that supports the NWCCP. While the trip is 
organised by MPI in its role as managing the NWCCP and as a host, contribution will also come from the VLR 
programme (the main research programme on wilding conifers in New Zealand). 

Time  Topic Lead 

8:00 am Arrival at MPI Christchurch office   
 

9:30 -10:00 
am 

Arrive at Flock hill station.  
 

 

10:00 am - 
2:00 pm 

 

Time at field site 
 

1. First stop along state highway:  
- Overview/history of the site (Flock hill) 

 
- Question: Is intensification a suitable 

alternative treatment to reduce re-
invasion?  

 
o Land-use intensification as a 

possible pathway to reduce re-
invasion (RA 1.2) VLR 

 
2. Second Stop (Craigieburn Forest Park):  

- Questions: is restoration or increasing 
resistance going to be useful for 
preventing re-invasion?  
 

o Native regeneration in shrubland. 
Potential area for indigenous plantings or 
increased biotic resistance to reduce re-
invasion. (RA1.3) 

 
3. Third stop (Flock Hill Station burn trial area): 

- Questions: What is the potential of 
burning as a management tool as 
opposed to herbicides? Challenges and 
opportunities? 
 

- Question: What does the quantification 
work tell us about different control 
operations? 

 
- Question: As a farm what would be the 

plan and end-goal beyond control? What 
further control approaches can be 
deployed but need testing?  
 

 
 
Nick Ledgard 
 
 
 
Phil Hulme/Jan 
Dudenhoeffer 
(VLR) 
 
 
 
 
Thomas Paul and 
Zach (VLR) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Thomas Paul, Matt 
Scott & Carol 
Rolando (VLR) 
  
Adam and Alan 
(MPI) 
 

National Wilding Conifer Control Programme 
Technical Advisory Group/ Vive la résistance Field 

trip  
1st May 2024 

Flock hill 
8:00am - 3:30pm 
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o Quantification of current treatment 
success, including seed predation 
and cone studies (RA 1.1.)   
 

o Burn trial and low dose Herbicide 
application.  

 
 

o Farm manager on treatment 
success 
 

o Spread modelling (RA 1.4).  
 

4. Fourth stop (Spot Spray/UAV Trial Area): 
- Question: How can new control 

approaches be tested (Spot spray) to 
develop good practice and address the 
drift and water issues associated with new 
approaches? 
 

o Operational spray trials conducted by 
MPI/ECan including hose and gun using 
label rates and UAV spraying. 
 

o Wilding Tree Risk Calculator Update  

 
Richard Hill (Farm 
manager) 
 
Jiawei (VLR) 
 
 
 
 
 
 
 
Adam/ Rich 
(MPI/ECan) 
 
 
Matt Scott 
(SCION/VLR) 

2:00 - 3:30 
pm 

 

Leave for Christchurch  TAG members 
 

 

 

 

Map and Stops 
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1. First stop along state highway: 

https://www.google.com/maps/place/43%C2%B009'19.2%22S+171%C2%B043'47.6%22E/@-
43.1553258,171.7291085,400m/data=!3m2!1e3!4b1!4m4!3m3!8m2!3d-
43.155327!4d171.729874?entry=ttu 
 

2. Second Stop (Craigieburn Forest Park): 
https://www.google.com/maps/place/43%C2%B008'50.7%22S+171%C2%B044'18.5%22E/@-
43.1476142,171.7387775,400m/data=!3m1!1e3!4m4!3m3!8m2!3d-
43.147425!4d171.738476?entry=ttu 
 
 

3. Third stop (Flock Hill Station burn trial area): 
:https://www.google.com/maps/place/43%C2%B010'41.5%22S+171%C2%B045'19.2%22E/@-
43.1781901,171.7527591,799m/data=!3m2!1e3!4b1!4m4!3m3!8m2!3d-
43.178194!4d171.755334?entry=ttu  
 

4. Fourth stop (Spot Spray/UAV Trial Area): 
https://www.google.co.nz/maps/place/43%C2%B010'48.3%22S+171%C2%B046'26.8%22E/@-
43.1800721,171.7715311,608m/data=!3m2!1e3!4b1!4m4!3m3!8m2!3d-
43.180076!4d171.774106?entry=ttu  

 

 

1 

2 

3 4 











 VLR/MPI Workshop: Tuesday 26th March 2024. Field Visit East Pukaki 

 

 
 
RA 1.1 - QUANTIFYING RE-INVASION 
 
What are we doing? 

We are quantifying re-invasion by measuring the re-establishment of wildings across infested areas 
operationally controlled through the NWCCP, the underlying national scale “experiment” to manage 
wildings in Aotearoa. The extent of the operational control allows us to quantify for the first time the 
effects of landscape-scale control operations on wilding demographics along environmental gradients, 
using remote sensing analytics and proven ground-based methods to quantify control success and re-
invasion rate. We are evaluating the in-situ effects of the interaction of control treatments x infestation 
level on plant fecundity and seedbank viability and the dynamics of re-invasion at both the local and 
landscape-level.  
 
Our approach 

The first 2.5 years have been dominated by sampling 
post-control wilding pine infestations (mainly Pinus 
contorta) along a time and invasion-level (scattered 
and dense) gradient across five key landscapes 
representing the largest control operations for the 
NWCCP (Mid Dome, East Pukaki, Hanmer, Flock Hill 
and Kaweka Forest) (Fig. 1). Sampling has involved 
many randomly placed mini-Recce plots, recording 
all pines with their status (live/dead/coning) and size 
class (seedlings, saplings and trees) plus other 
vegetation and site information. Our design includes 
temporary and permanent plots to quantify the 
present state and dynamics of the wilding 
population (recruitment/mortality) over time.  
 
We are also characterising the “hidden parts" of the 
re-invading population by studying cone and soil 
seed bank dynamics (input/output) via field and 
nursery experiments. We aim to understand the role 
of these seed banks in driving post-control re-
invasion, e.g. quantify seed numbers per cone, 
developing tree size-coning relationships (seed 
input), seed decay rates in soil and cones, and 

predation rates of seeds. 
 
All data will be used to develop a population dynamics model (RA 1.4) that aims to quantify the impacts 
of management interventions on re-invasion dynamics. 
 
Progress 

In summer 2022-23 we sampled 126 field plots across our five regions and this summer (2023-2024), we 
intend to assess an additional 120 plots, which would exceed our target of 240 plots. This summer, we 
will also re-assess 45 of the plots established last year. Preliminary analyses of the recce plot data show 
that under the current control strategy eradication is difficult and re-invasion is occurring across the 
landscape (Fig 2 + 3).  
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Fig. 2. Post-treatment mortality (%) across treatment categories. ABBA: aerial basal bark application, 
ABS: aerial boom spray, GND: ground-based control, None: no treatment. Top panel=all data; Bottom 
panel=Flock Hill 
 
Studying cone traits of P. contorta indicates that Aotearoa potentially hosts a unique invasive conifer, 
possibly an intra-specific hybrid of introduced P. contorta subspecies. This hybrid has larger cones and 
more viable seeds than the individual subspecies in their respective home ranges, possibly increasing its 
invasiveness in New Zealand. Studies have also indicated that while seed predation rates are high and 
variable across controlled landscapes, and seed viability can decline rapidly in some environments, the 
cone seed bank is largely unaffected by control and provides a resource for re-infestation that persists 
for some time (years) after the initial control event (Fig. 4). 
 
Our national-scale sampling is providing new insights into re-invasion drivers as well as providing 
underpinning data needed to advance population dynamics modelling [link to RA1.4], and nationally 
significant information on control-treatment efficacy. 
 
Implications for Management 
 Across invasion stages 100% control is seldom achieved with any one-off management 

intervention.  
 Without long-term follow-up control (10> yrs) or intervention to increase resilience to re-invasion, 

local eradication will be highly unlikely. 
 The local cone bank provides a readily available source for re-invasion if coning individuals were 

present in the initial population. How do we reduce viability of seeds remaining in cones? 
 The high probability of re-invasion in many landscapes and the reality of limited resources for 

ongoing control suggests that to achieve eradication anywhere, highest priority areas need to be 
targeted for ongoing control (with reduced effort elsewhere). 
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Fig. 3. Post-treatment residual population (no. trees p/ha) across treatments. ABBA: aerial basal bark 
application, ABS: aerial boom spray, GND: ground-based control. Top panel:all data; Bottom 
panel:Flock Hill 
 

 
Fig. 4. Percentage of cones retaining viable seeds, and no. of viable seeds per cone, collected from 
treated trees.
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RA1.2-Understanding re-invasion 
Hypothesis: Re-invasion is promoted by increased disturbance, high propagule 
pressure and reduced biotic pressure from competitors and grazers. 

Exclosure experiments to assess role of competition, grazers and habitat on reinvasion 
At East Pukaki at each of five different locations six replicated exclosures were set up under the canopy of 
treated P. contorta forest and six in adjacent grassland (Fig. 1A). Additionally, we removed the upper 
vegetation layer from one half of the area within each exclosure and control plot to test for effects of soil 
disturbance and plant competition on conifer recruitment. We have introduced 25 seeds of each of the three 
conifer species P. contorta, P. radiata, and P. menziesii into the plots in spring 2023. A second cohort of 
seeds will be sown in April 2024. Establishment and survival of emerging seedlings has been assessed for 
the first cohort in February/March 2023 (Fig. 1B). Establishment rate was overall very low, and no seedlings 
were found in the vegetated sub-plots. P. radiata had the highest establishment rate. 

 
Fig. 1. Animal exclosure experiment in the East Pukaki area. A) Fenced exclosure plot in a grassland area. 
B) Total numbers of established seedlings as assessed in February/March 2023.   

Role of shrubs in mediating pine invasion through seed predation 
We conducted field surveys to quantify the co-occurrence of contorta pine with the native matagouri and 
the non-native sweet briar. Using transects, we surveyed 8 sites in the Lake Pukaki area. The surveys 
revealed that contorta pine has a significant negative spatial association with both matagouri and sweet 
briar. To examine whether seed predation is the mechanism underlying this negative association, we 
assessed differences in seed predation rates between shrub and tussock vegetation in a field experiment 
in February 2024. Seeds of four conifers (contorta pine, radiata pine, Douglas fir and Californian redwood) 
were placed on the ground surface under shrub canopies and in tussock vegetation in two exclusion 
treatments: invertebrate access only and full access. Seed predation rates in the full-access treatments 
were significantly higher in shrub microhabitats than in tussock microhabitats (Fig. 2). Seed predation rates 
in invertebrate-accessible treatments are negligible, suggesting invertebrates do not play a significant role 
in predation on pine seeds. The results show that shrubs present in the area inhibit pine establishment by 
increasing seed predation pressure. Thus, indirect biotic interactions mediated by shrubs are a critical factor 
in our understanding of conifer invasion and reinvasion processes in grasslands and require further 
investigation. Other indirect shrub-mediated interactions that may influence pine invasions and need to be 
examined are herbivore activity and soil legacy effects. 
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Fig. 2. Seed predation rates depending on the vegetation type. Crossbars show mean values and standard 
errors. 
 
Greenhouse experiment examining legacy effects of soil and litter on pine invasion 
Five focal tree species (P. contorta, P. radiata, P. menziesii, S. giganteum and C. macrocarpa) were grown 
in sterilized background soil, inoculated with living soil and litter samples. The soil and litter samples were 
taken from controlled, previously invaded P. contorta stands, uncontrolled invaded stands and uninvaded 
grassland areas. The soil inoculation treatment was crossed with a litter inoculation treatment so that each 
pots contains either life or sterile litter from the respective source locations or no litter as a control.  Initially 
ten seeds have been planted into each pot and seedling establishment and individual plant performance 
has been quantified. Individual performance of P. contorta was negatively affected by soil and litter legacies 
of conspecific invasion even after control (Fig. 3A). In contrast, P. radiata seems to benefit from legacy 
effects of P. contorta invasion. Overall legacy effects on seedling establishment (Fig. 3B) were less 
pronounced than on individual plant performance. 

 
Fig. 3. Soil and litter legacy effects on five conifer species on individual biomass (A) and seedling 
establishment rate (B) of plants grown in sterilized background inoculated with live soil and litter (Mean 
and SE).
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RA1.3: Preventing Re-Invasion 
 
This research is focused on post-control wilding conifer sites, specifically on preventing re-
invasion at East Pukaki.  
 
Field plantings of native tree, shrub, and grass species to test whether native plants can 
establish under and inhibit wilding conifers. Twenty trial plots (25x5m) were established in 
early spring 2023 under a gradient of (mostly) dead, previously sprayed pines (Figure 1 A&B). 
Half of each plot (25x2.5m) was fenced, and half left open to assess the impact of herbivores. 
Each plot was randomly divided into five treatments: planted Fuscospora; planted native shrubs 
(Ozothamnus, Corokia, Leptospermum); planted grasses (Chinochloa rubra, Poa cita); intact 
vegetation (mostly native grasses); and an herbicide control. All field plantings are risky, and 
unfortunately 2023-2024 had a very dry November and December (29 mm of rainfall combined 
compared to 159 mm in the previous year). This, combined with sub-standard planting material 
from our supplier did not lead to high survivorship. 

Despite this, a few effects are noticeable. Damage from lagomorphs was considerable, 
and includes excavating under tree collars to get to the roots of native grasses in particular. 
There is also a strong trend towards increasing survivorship of natives with increasing density of 
pines, with the slope of that trend being species dependent (Figure 1C).  Mortality of 
Fuscospora occurred later in the experiment, but now shows a similar trend. We will introduce 
50 seeds of Pinus contorta into treatment subplots in Spring 2024. 
 

 
 
Figure 1. Native 
planting experiment 
in the East Pukaki 
area. A) Example plot 
at low pine density. B) 
Example of high pine 
density plot. C) Our 
first measurement of 
seedling mortality 
showed higher 
mortality of native 
grasses and Mānuka 
in more open sites. 

 
 

Assessing post-herbicide pine survivorship and recruitment at East Pukaki. We measured 
pine survivorship as a function of estimated percent cover of the original pine stand. Preliminary 
results show that the density of surviving pines with at least one live branch reached 
approximately 3000 stems per hectare, with the highest survivorship in the most dense pine 
stands.  

We have conducted an initial survey for pine seedlings, but found extremely limited numbers of 
seedlings at this stage. The absence of pine reinvasion from the seedbank is consistent with 
previous work on the persistence of herbicides in soil. We will continue to monitor fixed 
locations under each of our planting and fencing treatments.  

Potential of native plantings to suppress pine re-invasion. Ph.D. student Sean Davis has 
established a large mesocosm experiment to test the effect of pine legacy soil and shade on 
wilding conifer growth and survival. The purpose of this experiment is to determine the shade 
level required to inhibit wilding pine growth and how soil legacies influence shade tolerance. 
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Preliminary results demonstrate strong etiolation (yellowing needles and weak stems) at higher 
shade levels.  

Sean is also collecting data on established restoration plantings with the ultimate goal of 
modelling the optimal densities and restoration plant compositions needed to suppress P. 
contorta, P. radiata, and Pseudotusuga menziesii.  

Testing Armillaria fungus as a novel mechanism of biotic resistance to pine invasion. 
Armillaria novaezelandiae is an indigenous fungus that dominates native forest and is a valued 
source of kai. While tolerated by most native plants, Armillaria novaezelandiae can be a strong 
pathogen on introduced species including conifers. The fungus thrives on deadwood, hence 
could be introduced following herbicide treatment in order to increase the biotic resistance to 
pine re-invasion and possibly kill already weakened residual survivors. 

 No established protocols exist for propagating Armillaria novaezelandiae for field trials. 
After some experimentation, we have established that the fungus grows best on fresh pine 
branches, with no requirement for additional substrate. We have established a greenhouse trial 
with established native plants and pine seedlings to determine the impacts of inoculation, but it 
is too early to have any results.  
 

Documentation of existing fungal communities in live and dead pines. Before Armillaria 
can be trialled in the field, it is important to establish that it (and other potential fungal 
pathogens) are not already present. We therefore conducted a survey of live and dead pine 
wood to characterize the existing fungal communities.  

We paired similar-sized and aged live and dead pines (N=30 pairs) for sampling. For 
each pair, we severed the stem at the ground and used a drill to extract sawdust both from the 
below-ground stem and above-ground stem. Previous work has shown these communities can 
be quite different. These samples are currently being processed for next-generation 
sequencing.  

While conducting this work, we noticed that many seedling and sapling pines across our 
field sites at Lake Pukaki are dying (Figure 2 A&B). The needles are turning brown from the top 
down, a phenomenon often associated with pathogens. Thus we concentrated on sampling 
these trees. We have documented that these dying pines have live stems above ground but 
dying roots and have preliminary evidence that this is likely fungal in nature (Figure 2C). We are 
currently trying to identify the pathogen responsible through culturing and DNA sequencing.  

 
Figure 2 (A-B) 
Examples of 
the pine dieoff 
at East Pukaki. 
(C) Image of 
cells from an 
infected pine 
stem (near 
roots) that has 
been cleared 
and stained at 
600X. Note the 
stained fungal 
hyphae 
infecting the 
plant cells. 
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Operational Trials undertaken at Flock Hill  
Burn trial  
As part of ongoing research into improving wilding conifer management, a project led by ECan planned 
to burn a 5ha area of regeneraƟng wildings at Flock Hill StaƟon earlier this month. 

The required permissions from FENZ, Selwyn District Council and DOC presented challenges but were 
ulƟmately in place in Ɵme for the burn. MulƟple fire appliances and helicopters were on site to ensure 
the fire was contained within the defined area.  

Scion Research and FENZ provided resource to collect a variety of metrics as part of the trial including 
fuel load, fire intensity, and regeneraƟon post burn. This would help to determine if a sufficiently hot 
burn can be achieved in smaller wilding trees as a potenƟal maintenance tool (fire has the potenƟal to 
neutralise wilding seed in the ground as well as live trees). 

Unfortunately, the weather condiƟons on the burn day were not suited to a successful control, namely 
relaƟve humidity and moisture content of fuel, and the burn did not proceed. Planning is being done in 
anƟcipaƟon of a late winter/early spring burn.  

The posiƟves was that the programme was able to demonstrate that controlled burning is a tool 
available for use under certain circumstances.  

 
Figure 1: Burn trial area at Flock Hill StaƟon circled in blue. The area to the leŌ of the claypan has been treated with a desiccant. 

Hose and gun spot spraying 
Trials have been undertaken using a hose and gun setup commonly used for other types of weed 
spraying. This can be a very cheap way to cover large areas with good access and is a useful tool for 
landowners who are familiar with the methodology. As part of this trial, we also looked to reduce the 
herbicide in the formulaƟon to allow for the relaƟvely small size of the trees and the assumpƟon of 
complete foliar coverage of the tree using this method. Three formulaƟons were trialled on a small scale, 
with a TD formulaƟon showing the most promise.  

Following that, approximately 60ha was controlled using the TD formulaƟon November – December 
2022 over three areas at Flock Hill StaƟon. Based on the monitoring guidelines provided by Scion, 
efficacy aŌer 12 months was 93% increasing to 99% 18 months post-trial. Mix is per 100L of water; 

 600ml Grazon  
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 80ml Kamba  
 500ml Punch Penetrant  

UAV spraying  
Drones provide a new avenue for highly targeted herbicide applicaƟon while reducing some potenƟal 
health and safety risks presented by manned aerial control and ground control.  

The system works by flying the area ahead of Ɵme with a mapping UAV (mulƟ-spec) and then a 
detecƟon algorithm is trained to idenƟfy the wilding conifers within the images. In the 26ha area 
mapped, the system detected over 18,000 trees.  

Two types of control have been trialled. Broadcast spraying and spot spraying. The herbicide used was a 
TD formulaƟon provided by Scion (different than the one used above). The water rate per hectare was 
reduced from 400 to 200L based on advice provided by the pilot and that flying 400L/ha with the limited 
UAV payload would be cost prohibiƟve.   

Broadcast spraying is very similar to AFSA, where the UAV flies on a grid paƩern to cover the enƟre area. 
The UAV can control flow based on where mapped conifers are and where there are areas on non-target 
vegetaƟon/grasses. With these void areas, a total of 120L of mixed herbicide was applied to this hectare.  

For the spot spraying, they used the same formulaƟon provided by Scion (TD). The UAV can give a fixed 
dose per tree. In this case there was 300ml/ applied per tree.  

 

Figure 2: Area of the UAV spray trial (flight lines shown in red). The area on the leŌ is the 1ha of broadcast spraying. The area on 
the right is the spot spray area. 

 

 
 

 
 

 
 


