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Community groups and regional 
councils have been controlling 
wilding conifers for decades



Without management the area invaded could be 7 million ha, or 25% of NZ’s total land area

Status quo management has not successfully controlled the increase in 
wilding conifers nationally





from grassland or open shrublands to forest systems

(Dickie et al. 2010; Ledgard 2001), and diminishes

soil C (Dickie et al. 2010). These examples demon-
strate that in ecosystems where P. contorta does

become a serious invader, it causes a rapid shift in

vegetation structure and function, alters availability of
soil nutrients (e.g. phosphorous), decreases water

inputs into watershed catchments, and causes reduc-

tions in indigenous biodiversity (Davis and Lang
1991; Mark and Dickinson 2008).

(4) A model plant species should be easy to

compare within and across a wide variety of intro-
duced ranges. Because P. contorta has been intro-

duced throughout temperate and boreal ecosystems

throughout the world for the purpose of production
forestry or erosion control, key background data is

usually available about the introduction event, includ-

ing the precise time and location where the

introduction event occurred (Elfving et al. 2001;

Miller and Ecroyd 1987; Ledgard and Baker 1988).

Initially, most introductions of this species were done
by government agencies or forest companies which

often created detailed records of plantation density and

source populations (i.e. provenance). Because pine
trees are large and very conspicuous, this basic

knowledge of introduction allows for easy quantifica-

tion of two important steps in the invasion process,
growth rates of individual plants and spread rates from

plantations, which can be easily compared across

multiple sites within and across ecosystems (Richard-
son et al. 2004; Richardson 2006). An additional

property of P. contorta that facilitates simple com-

parisons across sites is that it is usually established in
discreet plantations, where planted area and tree

density within that area are known or easily quantified

(Visser et al. 2014), allowing propagule pressure to be

Fig. 1 Pinus contorta in its native (a–c) and introduced ranges
in the Southern Hemisphere (d–f) and Europe (g–i). Native
range photos depict three distinct Pinus contorta subspecies,
including subspecies murrayana on the east slope of the
Cascade Mountains, Oregon (a), subspecies contorta near
Pacific coast, Oregon (b), and subspecies latifolia in northern
British Columbia (c). Southern hemisphere photos show active

P. contorta invasions in New Zealand (d), Argentina (e), and
Chile (f). European photos show Pinus contorta plantations in
southern Finland (g), Northern Sweden (h), and northwest
Scotland (i). Photos a–c, g, h, and i were taken by M. Gundale;
photo d was taken by D. Peltzer; Photo e was taken by M.
Nunez; and photo f was taken by A. Pauchard
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Abstract Hypotheses for explaining plant invasions

have focused on a variety of factors that may influence
invasion success, including propagule pressure, inter-

actions of the introduced species with the biotic,

abiotic, or disturbance properties of the new ecosys-
tem, or the genetic characteristics of the invader itself.

Evaluating the relative importance of these factors has
been difficult because for most invaders key informa-

tion about the introduced population or the introduc-

tion event is not available. We propose that natural
experiments using model species is an important tool

to test multiple invasion hypotheses at the same time,

providing a complementary approach to meta-analysis
and literature review. By focusing on a single candi-

date species, Pinus contorta, we explore several

attributes that we propose constitute a good model,
including: (a) intentional and relatively well

documented introduction into a wide range of envi-

ronments and countries across the world during the
past century, where invasion success or failure has

already occurred, (b) conspicuous growth form that

simplifies assessment of growth rates, and compari-
sons across native and introduced ecosystems around

the world, and, (c) documented and replicated vari-
ability of introduction intensity, genetic characteristics

of the introduced populations, contrasting biotic

communities present at sites of introduction, and
abiotic conditions within and across introduced eco-

systems. We propose that identifying model species

with these characteristics will provide opportunities to
disentangle the relative importance of different mech-

anisms hypothesized to influence invasion success,

and thereby advance the field of invasion ecology.
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from grassland or open shrublands to forest systems

(Dickie et al. 2010; Ledgard 2001), and diminishes

soil C (Dickie et al. 2010). These examples demon-
strate that in ecosystems where P. contorta does

become a serious invader, it causes a rapid shift in

vegetation structure and function, alters availability of
soil nutrients (e.g. phosphorous), decreases water

inputs into watershed catchments, and causes reduc-

tions in indigenous biodiversity (Davis and Lang
1991; Mark and Dickinson 2008).

(4) A model plant species should be easy to

compare within and across a wide variety of intro-
duced ranges. Because P. contorta has been intro-

duced throughout temperate and boreal ecosystems

throughout the world for the purpose of production
forestry or erosion control, key background data is

usually available about the introduction event, includ-

ing the precise time and location where the

introduction event occurred (Elfving et al. 2001;

Miller and Ecroyd 1987; Ledgard and Baker 1988).

Initially, most introductions of this species were done
by government agencies or forest companies which

often created detailed records of plantation density and

source populations (i.e. provenance). Because pine
trees are large and very conspicuous, this basic

knowledge of introduction allows for easy quantifica-

tion of two important steps in the invasion process,
growth rates of individual plants and spread rates from

plantations, which can be easily compared across

multiple sites within and across ecosystems (Richard-
son et al. 2004; Richardson 2006). An additional

property of P. contorta that facilitates simple com-

parisons across sites is that it is usually established in
discreet plantations, where planted area and tree

density within that area are known or easily quantified

(Visser et al. 2014), allowing propagule pressure to be

Fig. 1 Pinus contorta in its native (a–c) and introduced ranges
in the Southern Hemisphere (d–f) and Europe (g–i). Native
range photos depict three distinct Pinus contorta subspecies,
including subspecies murrayana on the east slope of the
Cascade Mountains, Oregon (a), subspecies contorta near
Pacific coast, Oregon (b), and subspecies latifolia in northern
British Columbia (c). Southern hemisphere photos show active

P. contorta invasions in New Zealand (d), Argentina (e), and
Chile (f). European photos show Pinus contorta plantations in
southern Finland (g), Northern Sweden (h), and northwest
Scotland (i). Photos a–c, g, h, and i were taken by M. Gundale;
photo d was taken by D. Peltzer; Photo e was taken by M.
Nunez; and photo f was taken by A. Pauchard
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Wilding conifers are a major invader both in NZ and internationally



The ‘Winning against wildings’ programme and aligned work seeks to ‘flatten the 
curve’ for wildings in NZ
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introduced range, density was positively correlated with mean
temperature of the wettest quarter (χ2 = 4.25, d.f. = 1,
P = 0.039). Introduced sites with source plantations younger
than 30 years had a significantly steeper decline in density with
increasing distance from plantations than sites with older source
plantations (χ2 = 39.5, d.f. = 1, P < 0.001).

Differences in growth and reproduction
between ecoregions

Pinus contorta grew fastest and produced more cones at the
youngest ages at the New Zealand sites; CL2 and USA1 had the
slowest growth rates and the lowest cone production, and AR1
and CL1 were intermediate. Ecoregion, tree age and their inter-
action best predicted variation in P. contorta basal diameter
(χ2 = 251.6, d.f. = 5, P < 0.001; χ2 = 12,591.1, d.f. = 1, P < 0.001;
χ2 = 1491.2, d.f. = 5, P < 0.001, respectively). Vegetation type
was also a significant predictor of basal diameter (χ2 = 16.7,
d.f. = 5, P = 0.005) with higher growth rates in P. ponderosa
plantations (t = 3.23, d.f. = 747, P = 0.001) and short shrublands
(t = 2.28, d.f. = 266, P = 0.023) compared with grasslands. The
relationship between basal diameter and tree age differed
between the native ecoregion and all introduced ecoregions
(P < 0.001 for all pairwise comparisons; Fig. 3).

Ecoregion, tree age and their interaction were also all highly
significant predictors of the number of cones per tree
(χ2 = 107.9, d.f. = 5, P < 0.001; χ2 = 13,385.4, d.f. = 1, P < 0.001;

χ2 = 164.5, d.f. = 5, P < 0.001, respectively). Trees in all intro-
duced ecoregions produced, on average, more cones at a
younger age than trees in the native ecoregion (P < 0.05 for all
pairwise comparisons; Fig. 4).

DISCUSSION

We provide empirical evidence that the relative importance of
widely accepted drivers of invasion (propagule pressure, biotic
factors and abiotic factors) varied strongly amongst six
ecoregions for a widespread invasive tree species. This variation
in factors driving invasion was due to plantation age, local veg-
etation and climate, but also a consistent shift in demographic
properties of the invasive tree towards faster growth, greater
reproductive effort and higher rates of establishment in the
introduced than in the native range. Biological resistance at the
introduced sites altered invasion patterns and became more
important than propagule pressure as the invasion proceeded.
These findings provide a better understanding of variation in
major drivers of biological invasions across biogeographic
regions, as outlined below.

Propagule pressure

Propagule pressure is thought to be the major driver of biologi-
cal invasions (Lockwood et al., 2005; Simberloff, 2009). Consist-
ent with this view, we observed negative relationships between

Figure 3 Relationships between Pinus contorta tree size (basal
diameter, cm) and age (years) among ecoregions. Data shown are
coloured/shaded by ecoregion and shaped by country (but filled
or hollow based on ecoregion). Descriptions of the ecoregions can
be found in Table 1 and Appendix S1.

Figure 4 Relationships between P. contorta reproductive effort or
fecundity (number of cones produced in a sampling year per tree)
and tree age (years) among ecoregions. Data shown are
coloured/shaded by ecoregion and shaped by country (but filled
or hollow based on ecoregion). Descriptions of the ecoregions can
be found in Table 1 and Appendix S1.
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Lodgepole pine in NZ grows faster, produces more seeds for a given age, 
and has greater impacts on plant diversity compared to other regions



Pinus

Pseudotsuga

Rhizopogon

Wood et al. 2015 J. Ecol. 103: 121





What impacts and legacies are wildings having? 
What benefits result from containing or controlling wildings?



What is being done to improve the management 
and prevention of wilding conifer invasions?

Detection PreventionControl



How can we better manage landscape-scale invaders?
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being aware of wilding conifers included Thames-Coromandel, Nelson, Tasman, Kaikoura, 
Hurunui, and Southland. 

 

Figure 1. Data Source: LINZ. Crown copyright reserved. 
 

9 As far as you are aware, approximately when did wilding conifers first appear on your 
land?  

Nearly 5% of respondents who reported having wilding conifers on their own land recalled 
them being present as long ago as 1960. However, more than half of respondents were 
aware of wilding conifers being on their properties only since 2000 (the mean is between 
1995 and 2000). The numbers of respondents noticing infestations on their land increased 
dramatically since the late 1980s. 

Awareness of wildings varies among regions

More 
harmful than 

beneficial Neutral

More 
beneficial 

than harmful Responses
2015 67.3% - 22.7% 352
2017 64.8% 14.1% 7.0% 1405
2019 78.4% 9.9% 3.5% 1020

Growing view that wildings are harmful



• Wilding conifers are a major weed issue in NZ and internationally

• Major efforts to better understand wilding conifer invasions and improve their 

management are underway

• We’re launching a new webinar series to highlight progress and stimulate 

discussion of what could be done next

• Let us know what you like to know more about!

Summary

rowan@nzwildingconifergroup.org

peltzerd@landcareresearch.co.nz

https://www.wildingconifers.org.nz/



Wildings Webinar Series

Next webinar on 12 August at 11am by Tom 
Etherington about distribution models of 
invasion risk

Email us with your suggestions of webinars/ 
topics you’d like to hear about at 
webinars@nzwildingconifergroup.org

mailto:webinars@nzwildingconifergroup.org

