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Abstract 
Wildfires are becoming more frequent in ecosystems that evolved with limited exposure to fire (non-

fire-prone). For example, the non-fire-prone native forests in New Zealand are under increasing fire 

pressure, as fire events have been occurring more frequently in recent decades and are predicted to 

continue increasing as a consequence of climate change. In non-fire-prone ecosystems, fires are 

usually catastrophic, causing severe vegetation damage and presenting major challenges for 

restoration as the flora is poorly fire adapted. The aim of this research was to understand the post-

fire responses of the native woody vegetation after one of the most catastrophic fires in New 

Zealand’s recent history, the 2017 Port Hills wildfire, and to provide restoration and landscape 

management strategies focused on reducing the negative impacts of wildfires. 

In order to clarify the context in which the 2017 fire took place and to identify the vegetation types 

affected by the fire, historical changes in land cover over the last four decades were explored by 

comparing historical aerial photography with pre- and post-fire orthophotography. Then, aiming to 

assess the post-fire responses of the vegetation, specifically the capacity of species to resprout, plots 

were established and monitored across the burnt patches of native forest. In addition, the 

resprouting analysis was expanded for the whole country through a review of the available 

literature. Finally, given the increased demand for restoration triggered by this fire event and the 

need to understand the main factors influencing seedling performance, restoration plantings were 

established and monitored across the burnt landscape.  

The results show that the landscape switched from grassy- to woody-dominated over the last four 

decades, with extensive pasturelands converted into Pinus radiata forests. The resprouting 

investigation demonstrated that a few New Zealand native species are capable of resprouting after 

fire, and that the pre-fire vegetation composition and abundance of species are important predictors 

of resprouting patterns at the community level post-fire. The restoration experiment showed that 

seedling performance is species specific, and influenced by the predominant vegetation types pre-

fire, weed control treatment post-fire and the initial height of seedlings at planting.  

In general, changes in land cover, such as the increase in P. radiata plantations and reduced grazing 

intensity, probably exacerbated the effects of the 2017 wildfire. Recommendations are, therefore, 

made for management actions to focus on reducing the impacts of future wildfires, for example 

through the establishment of fuel breaks and green firebreaks across the most flammable vegetation 

types. Ultimately, by interpreting and integrating all the results, a novel approach that incorporates 

resprouting into restoration planning is proposed for regions increasingly susceptible to future 

wildfire events. By planting higher proportions of species capable of resprouting, it may be possible 

to engineer restored native forests to be more fire resilient and more resistant to invasion by fire-

adapted exotic species.  
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1.1  Fire  

Fire is a natural phenomenon that has played a key role in the distribution and composition 

of many ecosystems (Pausas & Keeley, 2009). Throughout history, wildfire regimes 

worldwide have been variable in space and time, depending on fuel availability, climatic 

conditions and the existence of ignition sources (Krawchuk et al., 2009; Whitlock et al., 

2010). Fire regime variation has shaped ecosystems and influenced the evolution of plants 

resulting in ecosystems adapted to high fire frequency (fire-prone), such as savannas, and at 

the other extreme, ecosystems that evolved almost free of fire (non-fire-prone), such as 

rainforests (Goldammer, 2013). 

Plants have coexisted with fire for millions of years but, since humans started to control and 

use fire about 750 thousand years ago (Bowman et al., 2011), fire regimes have shifted 

resulting in a wide variety of ecological effects. Humans can modify fire regimes in many 

ways by, for example, increasing the number of ignitions (Bowman et al., 2011), changing 

land use and land cover, and altering fuel availability, structure and continuity (Rogers et al., 

2020). In addition, climate change influenced by anthropogenic activities is resulting in 

changes in fire regimes (Rogers et al., 2020). 

Severe wildfire events have been increasing globally in the last decades, and fire activity is 

likely to continue increasing across much of the globe according to most climate change 

research (Goldammer, 2013). Over the last few years, catastrophic fire events have been 

reported worldwide, including in fire-prone regions, such as the Black Summer 2019/2020 in 

Australia (Davey & Sarre, 2020), but also in non-fire-prone regions, such as the 2019 fires 

that burned within the Amazonian rainforest (Barlow et al., 2020).  

Several studies have investigated the effects of fire across different vegetation types and 

proposed various post-fire restoration and landscape management strategies. However, 

these studies have often focused on fire-prone regions (e.g., Han et al., 2015 in Southwest 

China; Moreira, et al., 2011 in Southern Europe; Moreira et al., 2009 in Portugal; Omi & 

Joyce, 2003 in the United States and Pickup et al., 2013 in Australia). In fire-prone regions, 

the vegetation tends to be more adapted and resilient to fire events, as a consequence of its 
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evolution with frequent exposure to fire (Lloret & Zedler, 2009). In contrast, in non-fire-

prone regions fire effects are generally more catastrophic (Resco de Dios & Nolan, 2021), 

and fire can cause severe vegetation damage and site degradation (Goldammer, 2013) 

which presents major challenges for restoration as the flora is poorly fire adapted.   

New Zealand native forests are an example of non-fire-prone vegetation composed of 

species that are poorly fire adapted (Kitzberger et al., 2016; Perry, Wilmshurst, & McGlone, 

2014). Consequently, recovery from fire events can be very slow or the successional process 

can be arrested (Richardson et al., 2018; Richardson, Holdaway, & Carswell, 2014). In 

general, the recovery potential of fire-sensitive vegetation decreases with fire intensity, with 

more degraded sites being more likely to require active restoration (Scheper, Verweij, & van 

Kuijk, 2021). 

Wildfire occurrence has been increasing in New Zealand since 1990 (Anderson, Doherty, & 

Pearce, 2008), with several catastrophic events reported in the last few years, including fires 

in Lake Pukaki and Lake Ohau in 2020 (Environment Canterbury, 2021), the 2019 fire in 

Pigeon Valley (Dudfield, 2020), and the 2017 fire on the Port Hills (Pearce, 2018). Given this 

recent surge in wildfire occurrence, and the predictions of increase in fire activity as a 

consequence of climate change (Pearce & Clifford, 2008) and land cover changes, it is 

essential to consider the risk of wildfires when managing landscapes and developing 

strategies to restore the native vegetation. 

1.2 Ecological Restoration 

Ecological restoration can be defined as “the process of assisting the recovery of an 

ecosystem that has been degraded, damaged, or destroyed” (SER, 2004). The first key 

process essential for restoring an ecosystem is to identify and reverse, or at least reduce, 

the causes of degradation (Hobbs & Norton, 1996). Then, the system can begin to recover 

on its own via natural regeneration, a process often called passive restoration, which is the 

preferred, lowest cost (Palmer, Zedler, & Falk, 2016), and sometimes more effective 

approach to the restoration of degraded ecosystems (Crouzeilles et al., 2017). However, 
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very often, species, communities, or landscapes have been pushed beyond the ability to 

recover naturally and, in these cases, the recovery might require active restoration efforts.  

Restoration efforts should involve historical knowledge as a guide but should also identify 

multiple ecological trajectories and determine realistic goals (Hobbs & Norton, 1996; 

Jackson & Hobbs, 2009). In situations where restoring the historical structure and 

composition of the vegetation is not possible or desirable, restoration should focus on 

ecological processes that create and maintain ecological systems (Jackson & Hobbs, 2009). A 

crucial goal of restoration should be to recover the ecosystem to the point where functions 

and processes, along with the reproduction and growth of organisms, are established, 

creating a self-supporting ecosystem that is resilient to perturbation without further 

assistance (SER, 2004). 

Monitoring restoration actions is an essential process for restoring ecosystems as it provides 

information to evaluate the restoration success over time (Hobbs & Norton, 1996). By 

monitoring initial restoration outcomes, for example seedling performance in restoration 

plantings, it is possible to design future restoration strategies based on reliable information 

assessed locally. Constant monitoring is the basis for adaptive restoration management, as it 

allows restoration practitioners to track the restoration trajectories and targets, thereby 

adjusting and improving management over time in order to achieve the final restoration 

goals (Prach et al., 2019).  

Recently, there has been considerable momentum towards scaling up the restoration of 

degraded ecosystems around the globe. In recognition of the strategic importance of 

ecological restoration for both biodiversity conservation and carbon sequestration, many 

international programmes have been launched. For example, the Bonn Challenge (Bonn 

Challenge, n.d.) and the New York Declaration on Forests (Forest Declaration, n.d.), 

launched in 2011 and 2014, respectively, have as their goal the restoration of 350 million 

hectares of degraded landscape by 2030.  This global movement culminated with the United 

Nations (UN) declaring 2021 – 2030 as the Decade on Ecosystem Restoration, with the main 

aim being to prevent, halt and reverse the degradation of ecosystems worldwide (United 
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Nations, n.d.). Aligned with this global trend, in 2018 the New Zealand government 

launched the One Billion Trees program, which aims to have one billion trees planted by 

2028. This programme has the potential to reverse biodiversity loss and contribute to 

carbon sequestration (Norton, Butt, & Bergin, 2018). 

Research is considered one of the main strategies to reach the goals of the UN Decade on 

Ecosystem Restoration, as restoration is a complex process and scientific knowledge on how 

to restore and adapt ecosystems is still under development (United Nations, n.d.). The 

importance of science and research is also recognised in the New Zealand One Billion Trees 

programme with one of the main research priorities focused on scaling up the planting of 

native trees (MPI, n.d.). 

Concerns regarding the increase in fuel loads, as a consequence of scaling up the planting of 

trees, have been raised already by fire scientists in New Zealand (Curran, 2019) and in other 

countries (e.g., Collins et al., 2015). Therefore, incorporating fire as a component of 

restoration and landscape planning will be crucial to support these programs to reach their 

overall goals of counteracting climate change, halting biodiversity decrease and providing 

social and economic benefits for society.  

1.3 Thesis scope and outline 

Considering the current and future trends of increasing wildfire events and the global and 

local demand for research focused on ecological restoration, the overall objective of this 

doctoral research was to provide restoration strategies for regions in New Zealand that are 

currently under, or likely to be under fire pressure and to support landscape management 

towards reducing the negative impacts of wildfires.  

This investigation was focused on one of the most catastrophic fires in NZ’s recent history, 

the 2017 Port Hills wildfire. The study area is described in the following section (Section 1.4), 

and a short summary of the fire event is presented in Section 1.5. The thesis is then 

presented in three core research chapters, and a concluding chapter, in which the results 
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are integrated, and restoration and landscape management actions are recommended 

(Chapter 5). 

In order to understand the context in which the 2017 wildfire took place, the history of land 

cover change that occurred on the Port Hills landscape was investigated through the 

comparison of aerial photography from the 1970s with orthophotography from 2016 

(Chapter 2). This analysis was designed to show the main trends in land cover change and 

represented a starting point for understanding the interaction of public policies, economic 

scenarios, and biophysical events that led to these changes. Then, orthophotography from 

the post-fire landscape was overlapped with the pre-fire image and the burnt area was 

calculated for each landcover class. Further, the relationship between land cover changes 

and the 2017 fire event was explored, taking into consideration that changes in landcover 

generally result in changes in fuel type, availability and spatial distribution, thereby 

influencing fire outcomes.  

In the aftermath of the Port Hills fire, the patches of burnt native forest presented variable 

post-fire responses, with some species recovering fast and vigorously by resprouting. 

Resprouting is an important strategy that allows plants to persist after fire and can be a 

shortcut in the post-fire recovery process (Bond & Midgley, 2001; Vieira & Scariot, 2006). 

Aiming to understand the variability of post-fire resprouting responses between species, 

monitoring plots were established across patches of burnt forest (Chapter 3). This analysis 

was then extended to the community level and the influence of species composition and 

abundance in the resprouting rate of each plot was investigated. Finally, in order to provide 

a broader understanding of the resprouting trait in New Zealand woody flora, including the 

resprouting capacity of species that did not occur in the Port Hills burnt region, this 

investigation was expanded to the whole country by extensively surveying the current 

literature.  

The occurrence of this fire event in 2017 increased the demand for restoration, which was 

already significant on the Port Hills. Due to the history of occupation and deforestation, 

restoration plantings have been ongoing in this region since the 1970s (Reay, 1996). The fire 
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occurrence increased the demand for restoration, not just because patches of native 

vegetation were burnt, but also because managers of public and private conservation areas 

in the region, farmers and the local population in general were devastated by the negative 

impacts of the fire on the landscape (Newsline, 2018; Stuff, 2017a; Stuff, 2017b). Given this 

increased demand for restoration plantings, and the need to understand the main factors 

influencing seedling performance, restoration planting plots were established in an 

experimental design and monitored across the burnt landscape (Chapter 4). In addition, 

community plantings were randomly monitored with the intention of identifying the most 

common species planted in the post-fire landscape and determining how these species 

performed in terms of growth. 

The results of the investigations described above were interpreted in an integrated 

perspective in Chapter 5, which then focused on providing practical restoration and land 

management recommendations. In summary, the investigation on how land cover changed 

on the Port Hills over time and how these changes influenced the 2017 fire provided crucial 

information to support the development of recommendations focused on managing the 

landscape towards reducing the negative impacts of future wildfires. The post-fire 

vegetation responses monitored across the patches of burnt forest, especially the 

identification of species capable of resprouting, provided strategic insights to the 

development of a restoration approach focused on fire resilience. Finally, seedling 

performance, monitored in the burnt landscape, supported recommendations for future 

restoration plantings on the Port Hills, especially regarding species selection, planting 

location and post-planting silvicultural treatments. While part of the restoration and 

landscape management suggestions were developed specifically for the Port Hills region, 

most of the practical recommendations developed from this research can be implemented 

in other New Zealand regions that are currently under fire pressure. 

1.4  Study site description 

This research was undertaken on the Port Hills, an ecological district located in the 

northwest of the Banks Peninsula Ecological Region, close to the city of Christchurch (Figure 

1.1). Banks Peninsula is located on the East Coast of the South Island, New Zealand, and 
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comprises about 100,000 hectares, bounded by the Pacific Ocean to the north, east and 

south. The region was formed by a series of eruptions originating from two main volcanos, 

Lyttelton and Akaroa, about 15 million years ago in the late Tertiary (Bradshaw & Soons, 

2008; Hampton & Cole, 2009). Initially, the lava and other erupted materials formed an 

island, but sediment eroded from the Southern Alps was transported by the rivers and 

connected it with the South Island during the late Pleistocene (Wilson, 2008). 

 
Figure 1.1: Location of Banks Peninsula region in South Island, New Zealand (a). Location of the Port Hills 
Ecological District in the Banks Peninsula Ecological Region (b). 
 

The region is classified as having a temperate oceanic climate - Cfb according to the Köppen-

Geiger system (Beck et al., 2018) and, locally, it is in the lowland bioclimatic zone (Wilson, 

1993). The region is located in the rain shadow of the Southern Alps. In Christchurch, the 

annual mean rainfall is 618 mm, and the average temperature is 12.1°C. Precipitation is 

approximately evenly distributed through the year, but summers are generally drier than 

winters. The mean daily maximum temperature of the hottest months (January and 

February) is about 22°C with mean monthly precipitation about 40 mm. The minimum 
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temperature of the coldest months (June and July) is about 2°C and mean monthly 

precipitation about 60 mm. The above information on precipitation and temperature was 

obtained from the National Institute of Water and Atmospheric Research (NIWA, n.d.) with 

data summarised for Christchurch from 1981 to 2010.  

On the Port Hills, the climate tends to be slightly different from Christchurch and the 

adjacent Canterbury Plains, mainly due to its topographic features and maritime influence 

(Canterbury United Council, 1986). Temperatures are generally cooler (Reay, 1996), and the 

weather is moister and windier (Canterbury United Council, 1986). The local annual 

precipitation fluctuates between 600-800 mm and the winds in the region are 

predominantly easterly (Wilson 1992). While the south-west winds tend to be associated 

with rainfalls, the north-west winds contribute to increase the temperatures and often 

intensify summer drought conditions (Canterbury United Council, 1986; Wilson, 1992). 

Summer droughts can be severe, resulting in extensive wilting, leaf fall and even mortality of 

native trees and shrubs (Innes & Kelly, 1992). Light snow falls affect the Port Hill in some 

winters, and sporadically falls can cause some damage to the native vegetation (Cullen, 

1996; Wilson, 1992).                                                                                                                                                                                                           

The Port Hills region is characterized by a rugged topography, the rocks are mainly basalt 

and trachyte of volcanic origin, and the soils are derived from igneous bedrock and loess 

(Wilson, 1992). Elevation ranges from sea level to 573 m at Coopers Knob. The pre-human 

landscape is described by Wilson (1992) as covered mainly by podocarp-angiosperm forests, 

dominated by Podocarpus totara, Prumnopitys taxifolia, Dacrycarpus dacrydioides, 

Melicytus ramiflorus, Griselinia littoralis, Pennantia corymbosa, Hedycarya arborea, Hoheria 

angustifolia, Plagianthus regius, and other species. Lowland forests were prevalent, but 

montane forests occupied the higher ground, and the highest bluffs were covered with 

tussock and shrubs. The contemporary landscape is a mosaic of pastoral land, exotic forest 

plantations, shrublands, patches of regenerating native forest, with old growth forests 

restricted to tiny fragments. 
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1.5  The 2017 Port Hills fire 

The 2017 Port Hills wildfire started on the 13th of February and was controlled four days 

later, but it was officially declared extinguished 66 days after its ignition (Langer, McLennan, 

& Johnston, 2018). The fire was ignited in two different locations that subsequently joined 

and burnt a total area of 1660 ha, including pine plantations, pasture, exotic shrublands and 

native regenerating forest (Pearce, 2018). The area affected by the fire was in the wildland 

urban interface and about 1400 residents from suburban areas of Christchurch were 

evacuated, nine houses were burnt, and five others were damaged (Langer, McLennan, & 

Johnston, 2018). 

From an international perspective, the Port Hills fire is considered small, especially when 

compared to wildfires in fire-prone regions, for example in Australia and North America. 

However, this fire event was one of the largest and most severe wildfires in New Zealand’s 

recent history (Langer, McLennan, & Johnston, 2018). The fire presented an unpredictable 

behaviour, spreading rapidly and downhill on more than one occasion and forming a large 

pyrocumulus plume suggesting highly active fire behaviour (Pretorius et al., 2020). The 

climatic conditions were typical for the mid-summer season (Pearce, 2018) but there were 

specific periods of hot and dry conditions before and during the fire event, in addition to 

foehn winds, which contributed to get fine and larger fuels ready to ignite (Pretorius et al., 

2020). A detailed description of the Port Hills 2017 wildfire can be accessed in Pearce 

(2018), and the meteorological conditions in which the fire took place are available in 

Pretorius et al. (2020) 
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2.1  Introduction 

Understanding historical land cover changes is a crucial element for planning landscape 

management (Swetnam, Allen, & Betancourt, 1999), as tracking change over time shows the 

main trends in both natural vegetation dynamics and anthropogenic land use. Changes in 

land cover and land use will alter the local environment and can affect the ecological 

processes of the landscape as a whole. Generally, the drivers of land cover change are a 

complex interaction of economic scenarios, public policies, and biophysical events (Lambin 

et al., 2001, David A Norton, Reid, & Young, 2013). Therefore, identifying the factors that led 

to change provides strategic information for managing landscapes.   

Historical data on land cover changes obtained from analysis of aerial photography and 

satellite images have been used worldwide to support land management and monitoring. 

For example, land cover changes were used to detect and document deforestation and tree 

loss (Prior et al., 2013; Salami, Ekanade, & Oyinloye, 1999), to monitor dynamics of 

forest/grassland expansion and contraction (Bowman, Walsh, & Milne, 2001), to evaluate 

carbon stocks (Asner et al., 2003); (Romanin et al., 2015), to support restoration actions 

(Schulz & Schröder, 2017), and to monitor the influence of wildfires on vegetation patterns 

(Lydersen & Collins, 2018). Aerial imagery has also been employed to analyse the interaction 

of land cover changes and fire occurrence (Lloret et al, 2002; Mermoz, Kitzberger, & Veblen, 

2005; Vega-García & Chuvieco, 2006). 

Fire is regarded as one of the main drivers of anthropogenic land cover change in New 

Zealand (Perry, Wilmshurst, & McGlone, 2014). Before the first human settlements, fire 

occurrence was of low frequency, with centuries-long gaps between fire episodes (Ogden, 

Basher, & McGlone, 1998; Perry et al., 2014). The original landscape was mainly dominated 

by forests that evolved with limited exposure to fire and, as a consequence, the vegetation 

is poorly fire adapted (Kitzberger et al., 2016; Perry et al., 2014). Due to this lack of fire 

adaptation, wildfires have the potential to cause abrupt changes in land cover and rapid 

deforestation (Perry et al., 2014). 
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Land cover changes caused by human occupation are very recent in New Zealand and 

started about 700-800 years ago with the arrival of the first Polynesian settlers (McGlone, 

1983; McWethy et al., 2009). These initial settlers triggered changes in the original fire 

regimes, increasing the ignition rates and resulting in rapid land cover transformation. 

Extensive forested areas were burnt and converted into native grass, fern and shrub 

ecosystems (McGlone, 1983; Perry et al., 2014; Tepley et al., 2016). Following this initial 

burning period, promoted by the Polynesian settlement, another intense burning period 

began as a consequence of European settlement in the early 19th Century (Perry et al., 

2014). Previously forested areas that were burnt during European settlement were usually 

replaced by exotic grasslands and croplands. Ultimately, the combination of the large forest 

fires and forest logging resulted in the reduction of the original pre-human forest cover from 

82% to 23% of New Zealand’s land surface (Ewers et al., 2006). 

An example of dramatic land cover transformation occurred on the Port Hills, in the eastern 

region of the South Island. This area is part of the Banks Peninsula Ecological Region, and 

was formerly dominated by podocarp – angiosperm forests (Wilson, 1992). During the 

Polynesian occupation period, about a quarter to a third of the peninsula’s forest cover was 

removed through fire (Wilson, 2008), and then, within a few decades of European 

occupation, practically all the forest cover was removed by burning or felling to create 

pasture and extract timber (Wilson, 2013). Currently, old growth forest remnants are 

restricted to small patches and represent less than 1% of the original forest cover of the 

peninsula (Wilson, 2009). 

Despite this deforestation history, in recent decades much effort has been made to promote 

the recovery of native forest on the Port Hills. This has involved establishment and 

enlargement of protected areas, restoration plantings, control of wild browsing animals, 

control of small predators (e.g., possum, mice) and wildfire suppression. However, in 2017 

the region was affected by one of the country’s most significant wildfires since the 1970s 

(Pearce, 2018, 2019), which burnt an area of approximately 1660 ha. The fire occurrence 

triggered many restoration actions in the region and increased the necessity to manage the 

landscape considering fire as a permanent risk.   
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In order to provide historical background to support the management and restoration of the 

Port Hills region, land cover changes that occurred from the 1970s to 2016 were 

investigated. Further, the possible influences of these changes on the 2017 wildfire are 

discussed. 

2.2  Methods 

Study area 

This investigation was focused on land cover changes on the Port Hills, in New Zealand’s 

South Island close to the city of Christchurch (Figure 2.1). The total extent of the study area 

is 3932 ha, limited by Dyers Pass to the north, the boundaries of Omahu Bush Reserve to the 

south, the Early Valley Road to the west and Lyttleton Harbour to the east. The original pre-

human landscape was mainly dominated by podocarp-angiosperm forests (Wilson, 1992), 

and the current landscape is composed of a mosaic of pastoral land, exotic forest plantation, 

shrublands and patches of regenerating native forest.   

 
Figure 2.1: Location of the study area on the Port Hills, South Island, New Zealand. 
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Aerial Photographs 1973 

Aerial photography from the Crown historic aerial photo archive dates back to the early 

1930s (LINZ, n.d.a), but the oldest complete register available free of cost for the whole of 

the study area was from September 1973. Consequently, this photography set was selected 

to be used in the current investigation. The photos are monochromatic, in a scale of 

1:10,000. The tiles were obtained from the Environment Canterbury (ECan) archive and 

were already scanned and geo-referenced in the New Zealand Geodetic Datum 1949 (NZGD 

1949). The set of photos was converted into NZTM 2000, combined into a single raster 

mosaic, and the images representing areas outside the study polygon were removed 

(Appendix 2.1, Figure 2.1.a). 

The positional accuracy of the rectified aerial photo mosaic was estimated using the ArcGIS 

Data Reviewer Extension (ESRI, n.d.a), and the high resolution orthophoto mosaic from 2016 

was used as a reference layer. The mosaic from the 1970s was squared in a 5 x 4 grid and 

two control points were established per square, totalling 40 points. The assessment resulted 

in an absolute circular error of 13.6 meters and root mean-square error of 7.4 meters. The 

error was calculated at the 95% confidence level and the National Geospatial-Intelligence 

Agency standard (NGA) method was used to calculate the statistics. Detailed information on 

the accuracy assessment is presented in Appendix 2.2. 

Orthophotography 2016 and 2017  

The orthophotography from 2016 was downloaded from the Land Information New Zealand 

website (LINZ, n.d.b), and was taken in the flying season of 2015-16, during the summer 

period (Appendix 2.1, Figure 2.1.b). The set of orthophotos from 2017 was obtained from 

the Environment Canterbury (ECan), and was taken in February 2017, soon after the 

wildfire. The imagery was supplied in terms of New Zealand Transverse Mercator 2000 

(NZTM 2000), as 30 cm pixel resolution (0.3 m GSD), 3-band (RGB), and the final spatial 

accuracy is ±2 m, with 90% confidence level (Appendix 2.1, Figure 2.1.c). 
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Image classification, map construction and analysis 

The orthophotography from 2016 and aerial photography from 1973 were manually 

classified into six main land cover categories and named with a code (Table 2.1). The 

minimum mapping unit adopted in the classification was 1000 m2. 

Table 2.1: Description and code of land cover classes.  

Land cover class Class description Class code 

Open areas Mainly pastureland, but also open areas covered by non-
woody plants such as Pteridium esculentum (bracken fern)  

OPEN 

Exotic shrubland 
Areas mostly dominated by Ulex europaeus (gorse) and 
Cytisus scoparius (broom)  

ESR 

Planted exotic forest 
Mostly Pinus radiata plantations, but also other woody 
exotic tree species. Recently harvested areas were included 
in this class. 

PEF 

Native regenerating forest – 
mixed angiosperm 

Regenerating native forest dominated by a mixture of 
angiosperm species NFRA 

Native regenerating forest – 
kānuka 

Regenerating native forest dominated by Kunzea robusta 
(kānuka) and/or Leptospermum scoparium (mānuka) * 

NFRK 

Others 
Urban area, farm infrastructure, gardens, orchards, 
perennial crops and other small features in the landscape OTH 

*Note: NFRK forests can include forests dominated by kānuka and mānuka, as these forest types presented 
similar features, and it was not possible to separate them in the aerial photography and orthophotography. 
However, mānuka is considered relatively rare in the study region, while kānuka is abundant (Wilson 2013). 
Therefore, NFRK refers mostly to kānuka forests. 

Although manual interpretation and classification is a challenging and time-consuming 

technique, it remains the most traditional and effective method to analyse aerial 

photography, (Morgan, Gergel, & Coops, 2010; Wulder, 1998). The technique comprises the 

delineation and analysis of polygon boundaries, conducted by a skilled professional, based 

on features, such as tone, shape, pattern, texture and context (Avery & Berlin, 1992; 

Lillesand, Kiefer, & Chipman, 2015); and building on a good knowledge of the current 

vegetation pattern of the area. Various combinations of these features were used to identify 

each land cover class in the study area. For example, tone, texture and pattern were used to 

identify patches of forests dominated by Kunzea robusta (NFRK - kānuka). Kānuka foliage 

reflects less light than the mixed angiosperm regenerating forest (NFRA), making kānuka 

crowns appear darker. Kānuka canopy also has a specific and relatively homogeneous 
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texture and pattern which, combined with tone, results in an unique appearance on the 

landscape.  

In addition, a hand drawn map from the 1980s (Canterbury United Council, 1986), and aerial 

photographs from 1994 (ECan, n.d.) were used in order to facilitate the classification of the 

1973 aerial photography. Due to a lack of historic reference data, these intermediate data 

were important to reconstruct the land cover changes across time, supporting a more 

precise classification for 1973.  

The land cover classes burnt in the 2017 fire were obtained by drawing a polygon with the 

total burnt area and overlaying this polygon on the 2016 land cover map. The influence of 

land cover changes in the 2017 fire was discussed in light of changes in fuel quantity, 

flammability and spatial arrangements on the landscape between 1973 and 2016. 

In order to analyse the landscape, the adjacent polygons that fell into the same land cover 

class were dissolved and formed the final land cover patches. Based on these final patches, 

the area of each patch, the number of patches per class, the total area of each class and the 

mean patch size were calculated. The area-weighted mean of the patch size was also 

calculated. This is a landscape metric that gives more relevance to the greater patches and 

captures information on the connectivity of the patches within the classes (Lydersen & 

Collins, 2018). The diversity of the landscape as a whole was estimated by the landscape 

Shannon diversity and Shannon evenness indices. The analysis of images, classification and 

construction of maps were performed using ArcGIS 10.8 (ESRI, n.d.b) and all the landscape 

metrics, except the area-weighted mean, were calculated using the ArcGIS extension Patch 

analyst (Rempel, Carr, & Elkie, 2008). 

2.3 Results 

From 1973 to 2016 

The land cover classification for 1973 and 2016 is shown in Figure 2.2, the extent of the land 

cover changes is shown in Figure 2.3, and a transition matrix is presented in Table 2.2.  The 

main vegetation change detected was the decrease in open area, mostly used for pasture, 
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from 53% of the total area (2081 ha) in the 1973 to 26% (1020 ha) in 2016 (Figures 2.4 and 

2.6). A significant part of this former pastureland was converted into exotic forest 

plantations (Table 2.2), which increased from 1% (34 ha) in the 1973 to 23% (894 ha) in 2016 

(Figures 2.4 and 2.7). Another important cause of the decrease in open area was the 

invasion of pasturelands with exotic shrubland species (Table 2.2). This invasion is recurrent 

and very dynamic, as the invaded regions are often sprayed with herbicide and converted 

from exotic shrubland back into pastureland. 

Table 2.2: Transition matrix between land cover categories in the 1973 - 2016 period (ha). The letters in italics 
indicate the changes described in the text and are represented in Figure 2.17. Data derived from Figures 2.2 and 
2.3. 

 OPEN 
2016 

PEF 
2016 

NFRA 
2016 

NFRK 
2016 

ESR 
2016 

OTH 
2016 

Total 1973 
(row) % 1973 

OPEN 1973 796 526 (a) 96 19 (f) 511 (c) 133 2081 53% 

PEF 1973 1 30 0 0 1 2 34 1% 

NFRA 1973 2 4 216 10 16 4 252 6% 

NFRK 1973 18 (g) 2 17 83 12 3 135 3% 

ESR 1973 198 (d) 331 (b) 238 (e) 17 537 19 1340 34% 

OTH 1973 5 1 5 1 6 72 90 2% 

Total 2016 
(column) 

1020 894 572 130 1083 233 
Total area 

3932 
 

% 2016 26% 23% 15% 3% 28% 6%   
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Figure 2.2 Land cover classification based on aerial photography from 1973. 
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Figure 2.3: Land cover classification based on orthophotography from 2016. 
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Figure 2.4: Land cover percentage in 1973 and in 2016. Data derived from Figures 2.2 and 2.3.  
 

The area covered in native regenerating forest dominated by mixed angiosperms doubled 

from the 1973 to 2016, from 252 ha (6%) to 572 ha (15%) (Figures 2.4, 2.8, 2.10 and 2.11). 

Most of the increase was related to natural successional processes in which exotic 

shrublands, mainly Ulex europaeus (gorse) and Cytisus scoparius (broom), have been slowly 

replaced by native species (Table 2.2).  

Despite the minor variations in the total area covered by kānuka and occasionally by 

mānuka (Figure 2.4), kānuka regenerated prolifically in rough pastureland and bare ground 

(Figures 2.12, 2.13), but this regeneration was commonly supressed as landowners focused 

on the re-establishment of pasture (Figures 2.14, 2.15).  

In order to provide an extended historical perspective for the total forest cover of the study 

area, a time series with the forest cover percentage, dating from prehuman occupation until 

present, is shown in Figure 2.5. Although the first three points in time are estimates for the 
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entire Banks Peninsula ecological region (Wilson, 2013), it also approximately represents the 

local forest cover on the Port Hills region. 

 

Figure 2.5: Historical forest cover percentage since prehuman occupation until 2016. * Forest cover estimated 
for the Banks Peninsula ecological region, based on Wilson (2013). # Forest cover estimated for the study site, 
based on Figure 2.4 (includes NFRA and NFRK, see Table 2.1).  
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Figure 2.6: Regions of increase, decrease and maintenance of open areas based on 
the aerial photography from 1973 and orthophotography from 2016. 

Figure 2.7: Regions of increase, decrease and maintenance of planted exotic forests 
based on the aerial photography from 1973 and orthophotography from 2016. 
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Figure 2.8: Regions of increase, decrease and maintenance of native forests – mixed 
angiosperm based on the aerial photography from 1973 and orthophotography 
from 2016. 

 Figure 2.9: Land cover classes affected by the 2017 fire. Each land cover class is 
presented with its code (see Table 2.1). 
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Comparing the landscape metrics calculated for 1973 and 2016, the land cover classes 

presented different trends (Table 2.3). The number of open area patches has increased, but 

the total area, and area-weighted mean patch size have all dramatically decreased. The 

tenfold decrease in area-weighted mean demonstrates a strong fragmentation of this class. 

In contrast, the planted exotic forest metrics have all increased and the remarkable increase 

in area-weighted mean (20 times) suggests that exotic forests have become more abundant 

in the landscape and have been planted in larger stands. The native regenerating forest 

metrics have also increased, and the increase in area-weighted mean patch size suggests 

that natural regeneration and restoration efforts not just increased the total native forest 

cover, but also promoted greater connection among patches (Figures 2.10, 2.11) 

Table 2.3: Landscape metrics calculated for each land cover class in 1973 and 2016. 

Class 
Area (ha) Number of 

patches 
Mean patch size 

(ha) 
Area-weighted 

mean (ha) 

1973 2016 1973 2016 1973 2016 1973 2016 

OPEN 2082 1021 22 94 130 13 1461 141 

ESR 1340 1084 39 77 39 17 626 209 

PEF 35 895 9 41 4 28 11 278 

NFRA 253 572 47 63 6 10 19 62 

NFRK 136 131 51 43 3 3 11 13 

OTH 87 213 8 32 12 7 38 82 

 

The landscape Shannon diversity and Shannon evenness indices increased from 1.06 in 1973 

to 1.50 in 2016, and from 0.66 to 0.93, respectively. This result means that the study site 

switched from a more homogeneous landscape in 1973, with a matrix of open areas (mainly 

grasslands), to a more heterogeneous landscape in 2016. In this heterogeneous landscape 

no obvious land cover class was identified as the matrix element, as the classes were more 

evenly represented. However, most of the study site in 2016 was dominated by woody 

vegetation types, including planted exotic forests (PEF) and native regenerating forest (NFRA 

and NFRK). Therefore, structurally, the study area switched from a grassy to a woody 

vegetation dominance (Figures 2.2 and 2.3). 
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Figure 2.10: Patches of native regenerating forest in the 1970s (red polygons). 
 

 
Figure 2.11: The patches of native regenerating forest (red stripes) expanded towards the area previously 
dominated by exotic shrubland and joined forming a continuous patch of native vegetation (blue polygon) – 
2016. 
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Figure 2.12: Discontinuous patches of kānuka (red polygons) in a landscape with rough pastureland and 
exposed soil - 1970s. 
 

 
Figure 2.13: Expansion of kānuka patches over exposed soil in rough pastureland (blue line). 
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Figure 2.14: Patch of kānuka (red polygon) in expansion process, with many diffuse trees growing in pastureland  
– 1970s. 
 

 
Figure 2.15: Part of the kānuka patch was cleared and pasture replanted (yellow polygon). The other part of the 
patch expanded (blue stripes) and became denser – 2016. 
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From 2016 to the 2017 fire 

The fire burnt a total area of approximately 1660 ha, including 1508 ha in the study area and 

a smaller region of about 150 ha located north of Dyers Pass which was outside the study 

area (Figure 2.9). 

Based on the 2016 land cover classification, planted exotic forest and exotic shrublands 

were the vegetation types most affected by the fire, with burnt areas of 518 ha and 496 ha, 

respectively. Burnt open areas represented 322 ha, and native regenerating forest including 

mixed angiosperms and kānuka dominant canopy represented 142 ha (Figure 2. 16).  

 
Figure 2.16: Total land cover in 2016 and total burnt area per land cover in 2017. 
 

2.4 Discussion 

From 1973 to 2016 

The main trends in land cover change which were identified based on the comparison of the 

images from 1973 and 2016 are summarised in Figure 2.17.  
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Figure 2.17: Trends in main land cover changes identified based on the images from 1973 and 2016. The 
thickness of the arrows is proportional to the extent of the change. The arrows are named with a letter in 
parenthesis, which are referenced in Table 2.2. Data were derived from Figures 2.2 and 2.3. 
 

The sharp decrease in open area detected on the Port Hills from 1973 to 2016 (27%) could 

be related to the removal of subsidies for agriculture/farmland, which occurred from 1984 

(MacLeod & Moller, 2006). Similar trends were observed in Kaituna Valley, also located in 

the Banks Peninsula Ecological Region, where farmland decreased 10% from 1966 to 1994 

(Egan, 2001). It is likely that, without subsidies, pastoral activity was no longer financially 

viable or profitable in low productive regions, resulting in conversion into other land uses or 

in abandonment of pastures. 

The conversion of pastureland into exotic forest plantations was the main change in land 

use observed in the Port Hills study area (Figure 2.17, a). It has largely contributed to the 

increase in the total area of planted forests, which in 2016 occupied more than 20% of the 

study area. The planted forests consist mainly of Pinus radiata, following the same trend 

observed across New Zealand, where this single species accounts for approximately 90% of 

the total planted commercial forest (Yao et al., 2013). Two forestry planting booms that 

occurred in New Zealand, around 1960-1970 and in the 1990s, might have influenced the 

conversion of pasture into planted forests on the Port Hills. During the 1960s and 1970s, 
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loans and grants were available to landowners who planted trees (Colley, 2005), at the same 

time as pastoral farming profitability was in decline (Colley, 2005). The 1990s surge was 

dominated by small landowners investing in forestry plantations, some of them converting 

grasslands into exotic forests, as forestry was perceived as a profitable and reliable crop 

(Colley, 2005).  

The abandonment of pastureland in the region has certainly contributed to the increase in 

the total area of native forest over time. Abandoned pasture often regenerates into native 

forest through two main successional pathways: initial regeneration dominated by native 

woody species, such as kānuka (Figure 2.17, f) or initial regeneration dominated by exotic 

woody shrublands, such as gorse and broom (Figure2.17, c and e). Which species will 

initially colonise depends on the land use history, fire, the proximity of seed sources 

(Sullivan, Williams, & Timmins, 2007), and the soil seed bank. 

Most of the native forest regeneration in the study site occurred through the successional 

process in which exotic shrublands have been replaced by native angiosperms (Figure 2.17, 

e). This species turnover is ecologically relevant and positive from a conservation 

perspective because it switches from an exotic dominated stand into native vegetation. 

However, when an invasive naturalised species initiates the successional process, it can alter 

subsequent succession, having short- and long-term effects for the native flora (Bellingham, 

Peltzer, & Walker, 2005; Sullivan, Williams, & Timmins, 2007). For example, by fixing large 

amounts of N2, these Fabaceae species (such as gorse and broom) have the potential to 

modify soil fertility, facilitating a distinct range of species and, consequently, altering the 

successional process (McQueen, Tozer, & Clarkson, 2006). Indeed, research conducted in 

Wellington and Nelson has shown that the native flora associated with gorse stands has a 

different species composition when compared with kānuka stands, with some groups of 

species being absent or less common in gorse stands (Sullivan, Williams, & Timmins, 2007). 

These differences are maintained over time and remain even after gorse has been totally 

replaced by native vegetation (Sullivan, Williams, & Timmins, 2007). 
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Another example can be observed in Hinewai Reserve, also in the Banks Peninsula Ecological 

region, where gorse was not replaced by the original beech forest, but by a novel mixture of 

native angiosperms (Wilson, 1994). Other differences between gorse and kānuka stands 

were also observed in the bird community and in the composition of the seed rain (Williams 

& Karl, 2002). Due to these successional divergences, Sullivan, Williams and Timmins (2007) 

suggest that exotic shrublands should not be considered a substitute for native early 

successional species. 

The total area of regenerating kānuka forest kept constant over the study period, suggesting 

that despite the potential of this species to regenerate into rough pastureland, the 

preservation of these regenerating patches was not often prioritised (Figures 2.14, 2.15). 

Kānuka is one of the main native woody colonisers in the region, and it appears to play an 

important role in the successional process towards mature forest (Sullivan, Williams, & 

Timmins, 2007). Therefore, the preservation of kānuka patches should be encouraged in 

farmland. The kānuka encroachment into pasture could be seen as beneficial not just for the 

conservation of local biodiversity, but also for soil conservation.  

As kānuka was observed regenerating in pastureland where soil was exposed (Figures 2.12, 

2.13), the species probably has potential to reduce local soil erosion in a hilly region, such as 

the Port Hills. Studies conducted on the east coast of the North Island showed that patches 

of regenerating kānuka were much more effective than pasture in preventing landslides and 

erosion caused by strong storms (Bergin, Kimberley & Marden, 1995; Marden & Rowan, 

1993). Since mature kānuka cover improves slope stability in erosion-prone terrain, young 

and immature patches should be retained for erosion control purposes (Ekanayake et al., 

1997). Finally, the protection of kānuka patches in steep pastureland has the potential to 

provide valuable ecosystem services, such as the reestablishment of native biodiversity, 

erosion control, soil and water conservation (Dymond, 2013), and increases in carbon stocks 

both above and below ground (Hedley, Lambie, & Dando, 2013). 

In addition to land abandonment, the increase in native regenerating forests dominated by 

angiosperms can also be a result of the increase in protected areas. The total area formally 
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protected in 1970 was 215 ha, representing 5% of the study area. Most of the protected 

areas are Scenic Reserves, which are currently managed by the Christchurch City Council. 

From the 1970s to 2016, the total area protected increased to 625 ha, a nearly 300% 

increase and representing 15% of the total study area (Appendix 2.3, Figure 2.3.a). The 

increase is a result of the establishment of two new Scenic Reserves, Marleys Hill (20 ha) 

and Dyers Pass (23 ha), the extension of the Kennedys Bush Scenic Reserve (46 ha), and 

three private properties covenanted under the Queen Elizabeth II Trust (320 ha). Since the 

1990s, covenanted private land has been playing an important role in the conservation of 

the region, contributing more than 50% of the total area protected. Currently, this mosaic of 

protected areas ensures the preservation of approximately 45% of the regenerating mixed 

angiosperm forest in the total study area and 40% of the regenerating kānuka forest. 

The increase in native forest occurred mainly in the Kennedys Bush Scenic Reserve, 

Sugarloaf Scenic Reserve, Ohinetahi Bush Reserve and in the region of Hoon Hay Valley 

(Figure 2.8).  While natural regeneration was probably the main pathway leading to the 

increase in native forests, active restoration plantings have also been undertaken widely in 

this area. For example, the southern region of the Kennedys Bush Scenic Reserve was 

actively restored, and the seedlings planted have successfully contributed to accelerating 

the re-establishment of forest in a former grassland area (Reay & Norton, 1999). In addition 

to the plantings, other actions such as preventing grazing by fencing the perimeter of this 

reserve and stopping the use of fire inside the reserve have also favoured the return to 

forest. In the 1970s, grazing was degrading the existing native forest and the use of fire, as 

an attempt to control gorse encroachment over grassland, was also damaging the native 

forest within the Kennedys Bush Scenic Reserve (Kelly, 1972).  

In the Hoon Hay Valley, where grazing sheep had been the main farming activity, a 

combination of management actions over time has probably facilitated forest regeneration. 

Sheep were largely kept out of the forest, feral goats and deer were shot and, in the 1990s, 

farming ceased. Additionally, a wide firebreak was established around the valley, and the 

areas of forest regeneration were kept without major interference (Arnold, 1997). Despite 
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the absence of active planting of seedlings, the management of the area resulted in a 

substantial increase of native vegetation (Figure 2.8). 

Landscape changes and the 2017 fire 

At the landscape level, the predominant land cover switched from grassy in 1973 into 

woody by 2016. The main interacting factors influencing fire behaviour are fuel, weather 

conditions and topography (Pyne, Andrews, & Laven, 1996).  Consequently, the major land 

cover change altered the fuel load properties and thus influenced the behaviour of the 2017 

fire. In general, fuel biomass is greater in woody vegetation and results in greater potential 

maximum fire intensity, when compared to grasslands (Sullivan et al., 2012). However, the 

relationship between fire and fuel types can be complex and should be analysed based on 

the local context (Collins et al., 2015). 

The conversion of pastoral areas into exotic forest plantations resulted in an increase in the 

total area and size of the P. radiata stands. This conversion contributed to increased plant 

biomass, fuel availability and continuity in the landscape. While living shoots of P. radiata 

are not particularly highly flammable (Wyse et al., 2016), high leaf litter flammability 

(Franzese et al., 2020) and other dead materials probably contributed to increasing fire 

severity and altering fire spread. Cruz, Alexander and Plucinski (2017) noted that fuel 

complexes within pine plantations can be extremely flammable and capable of sustaining 

fires of high intensity.  

The abandonment of pastoral areas, restoration actions, establishment of new protected 

areas and extension of existing protected areas have contributed to the regeneration of 

native forest (NFRA), which increased in total area, number of patches and connectivity 

(Table 2.3). Despite the increase in fuel loads, the result of this landscape change probably 

did not increase fire hazard potential. Indeed, Pearce (2018) and Pretorius et al. (2020) 

suggest that, due to its general low flammability, patches of this vegetation type had 

actually aided fire suppression efforts. 
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Although the regenerating native forest does not increase the fire hazard potential, when 

the regeneration occurs through gorse stands, the early stages of this successional process 

can contribute to increasing the fire hazard potential. In areas previously dominated by 

forests, in mild conditions and in the absence of disturbance, gorse shrublands are replaced 

by native species in about 20 to 30 years ( Williams, 2011).  Before this replacement occurs, 

gorse shrublands have high flammability, as gorse is one of the most flammable species 

tested in New Zealand (Wyse et al., 2016), and it has the potential to increase vegetation 

flammability even when its biomass is relatively low (Wyse, Perry, & Curran, 2017). 

Therefore, facilitating the regeneration of native forest through gorse stands can be 

challenging from a fire management perspective. 

The increase or decrease of gorse over pastureland is highly dynamic in the landscape, as 

this species can colonise pasture and then be removed by the landowner again in relatively 

short periods of time. The management of pastures invaded by gorse often involves 

application of a specific herbicide used to kill this species. Then, in addition to the high 

flammability of living gorse stands, this management results in large areas of highly 

flammable dead materials further increasing the fire hazard potential. Indeed, patches of 

sprayed gorse led to both an increased rate of fire spread and fire intensity during the 2017 

fire (Pearce, 2018; Pretorius et al., 2020).   

Even though changes in kānuka patches were insignificant at the landscape level, and 

probably did not influence the 2017 fire behaviour, from a fire management perspective it is 

important to consider that the natural succession of native angiosperm species through 

kānuka can also be challenging. Kānuka is highly flammable (Wyse et al., 2016), and 

promotes fires of high intensity (Fogarty, 2002). In the case of kānuka stands, it takes even 

longer than gorse to have the canopy replaced by low flammable native angiosperms, as the 

species is likely to dominate the canopy for at least 60 years (Allen, Partridge, & Efford, 

1992). However, recent research suggests that canopy manipulation in dense kānuka stands 

has the potential to accelerate succession and increase the species richness, density and 

growth rates of less flammable species, such as Aristotelia serrata, Myoporum laetum, 

Melicytus ramiflorus and Pseudopanax arboreus (Forbes et al., 2020; Tulod & Norton, 2020). 
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Therefore, in regions at higher risk of fire occurrence, it is possible to manage kānuka stands 

towards a less flammable state.  

2.5 Conclusions  

In summary, over the period 1973 – 2016, the Port Hills landscape switched from grassy to 

woody dominance. The main landcover changes contributing to this scenario were the 

conversion of pastureland into P. radiata plantations and regeneration of native forest 

through exotic shrubland. While the increase in planted exotic forests represented an 

economic alternative to low productive pasture, it has also increased the potential fire 

hazard by increasing fuel loads at the landscape level, which had probably favoured the 

spread and increased the intensity of the 2017 fire. On the other hand, the increase of 

native forest, as a consequence of pasture abandonment, restoration actions and creation 

of new conservation areas, brought benefits to the conservation of local biodiversity and 

may have facilitated fire suppression efforts due to the relatively lower flammability of this 

forest type. Considering that climate change models predict an increased fire risk on the 

Port Hills (Pearce, 2018; Pearce & Clifford, 2008) managing the landscape towards reducing 

the potential fire hazard is of strategic importance to deal with future wildfires and to bring 

both conservation gain and economic well-being. 
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Appendix 2.1: Aerial photography and orthophotography 

 
Figure 2.1.a: Aerial photography mosaic from 1970. 
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Figure 2.1.b: Orthophotography mosaic from 2016, before wildfire. 
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Figure 2.1.c: Orthophotography mosaic from 2017, after wildfire. 
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Appendix 2.2: Accuracy assessment 

 
Figure 2.2.a: Raster from the 1970s squared in a grid with at least two control points per square, A total of 32 control points 
were established, including references such as buildings, infrastructure, and natural features 
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Figure 2.2.b: The figures on the left side show examples of control points identified on the layer from the 1970s (red dots), and 
the figures on the right demonstrate the points located on the reference layer from 2016 (yellow dots) and the corresponding 
location on the layer from the 1970s (red dots). 
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Appendix 2.3: Protected areas 

 
Figure 2.3.a: Year of establishment, name and dimension of formally protected areas. Private protected areas which are covenants 
of the Queen Elizabeth II National Trust (QE II) are indicated after the dimension of the protected area. 
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3.1 Introduction    

Fire is an ecological disturbance agent which plays an important role in the evolution, 

distribution and abundance of woody plants worldwide (Bowman et al., 2009; Pausas & 

Keeley, 2009). As a result, trees and shrubs present a range of different post-fire responses 

and strategies to persist or re-establish in burnt areas. For instance, resprouting is an 

important post-fire response that allows plants to persist after fire events, and is considered 

a key functional trait in woody plants (Bond & Midgley, 2001). Resprouting can be a shortcut 

for forest recovery (Bond & Midgley, 2001; Vieira & Scariot, 2006). Starting as a vigorous 

shoot, resprouting eliminates some risks related to seedling establishment, such as limited 

dispersion, seed predation, seed desiccation and the initial, and most vulnerable, seedling 

stages [4]. The ability to resprout varies among species (Vesk & Westoby, 2004) and has 

profound effects on plant population dynamics and community assembly (Clarke et al., 

2015). 

The capacity to recover by resprouting varies not just across species but also within species, 

depending on fire intensity and pre-fire plant conditions (Vesk & Westoby, 2004). The initial 

production of resprouting shoots will depend on the development, protection and 

resourcing of a viable bud bank (Clarke et al., 2013), but other factors can influence the final 

recovery success, such as the vigour of the resprouts (Moreira, Tormo, & Pausas, 2012), the 

probability of predation (Burrows, 1994) and climate conditions.  

Due to its ecological importance, resprouting is well-documented in fire-prone biomes such 

as Mediterranean vegetation types, temperate forests in the United States and Australia, 

and savannas in Australia, Africa and South America (Clarke et al., 2015; Pausas et al., 2016; 

Vesk & Westoby, 2004). However, information on resprouting is scarce in non-fire-prone 

ecosystems (Bond & Midgley, 2003). Given that fires are becoming more prevalent globally, 

including in systems that have historically been considered as non-fire-prone, quantitative 

data collection in different vegetation types is required in order to develop a broader 

understanding of this trait (Vesk & Westoby, 2004). New Zealand forests are an example of 

a non-fire-prone vegetation type where little is known about post-fire resprouting 

(Kitzberger et al., 2016), and where observations of vegetation change immediately after 
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wildfire are rare in the literature (Mason et al., 2016). Prior to this investigation, the only 

paper that directly addressed the resprouting capability of New Zealand native species was 

essentially descriptive (Burrows, 1994), and while it contributed as a first step to 

understanding resprouting in New Zealand, it lacked quantitative data (e.g. proportion of 

plants resprouting, numbers of resprouts). Other research focused on post-fire recovery also 

contributed to the current knowledge available, even though resprouting was not their main 

focus (Johnson, 2001; Richardson, et al., 2018; Timmins, 1992; Wiser, Allen, & Platt, 1997). 

The forests in New Zealand evolved in an environment with naturally low fire frequency 

with many areas having hundreds of years between fires (Ogden, Basher, & McGlone, 1998; 

Perry et al., 2014). As a consequence of its evolution with limited exposure to fire, the 

indigenous flora is poorly adapted to fire (Kitzberger et al., 2016; Perry et al., 2014; Wyse et 

al., 2016). When humans colonized New Zealand in the mid-13th century, frequent and 

intense fires were introduced to the landscape, resulting in rapid and substantial forest loss 

(McGlone, 1983; Ogden, Basher, & McGlone, 1998). 

In New Zealand ecosystems, forest burning favours the establishment of early successional 

native species such as Pteridium esculentum, Kunzea spp. and Leptospermum scoparium, 

and facilitates the invasion of woody exotic species such as Ulex europaeus, Cystisus 

scoparius and Hakea spp. (Wyse et al, 2018). The colonization of these species in the early 

post-fire successional states results in the development of a vegetation type more 

flammable and fire-prone than the original pre-fire forest (Kitzberger et al., 2016; Perry et 

al., 2015). As a consequence, this dynamic has the potential to create a positive feedback 

between fire and vegetation succession (Tepley et al., 2018). As common invasive species 

are often pyrophyllic and well adapted to fire, while the native flora generally are not (Perry 

et al., 2014), these invasions have the potential to alter the successional trajectories, and 

may even arrest the successional process (Perry et al., 2015), creating novel fire-prone 

ecosystems dominated by woody exotic species. When this threshold is crossed, restoration 

efforts may be crucial to enhancing the re-establishment of native forest, including 

reintroduction of native species, control of exotic species, and management actions aiming 

to reduce local fire frequency and intensity.  
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Fire occurrence in New Zealand has been increasing in the last few decades. The most 

recent and detailed wildfire analysis shows that the number of wildfires increased from 

about 1,200 fires per year in the early 1990s, to over 4,000 fires per year in 2006/2007 

(Anderson, Doherty & Pearce, 2008). In addition, climate change models predict that fire 

risk is likely to increase in New Zealand as a consequence of higher temperatures, reduced 

rainfall and stronger winds (Pearce, 2018; Pearce & Clifford, 2008). 

Considering this trend of increasing fire frequency, understanding how plants respond to 

fire and whether a species will resprout or not is of paramount importance for planning 

forest restoration and conservation. This investigation into post-fire vegetation responses in 

New Zealand forests addressed three main questions: firstly, can woody species that have 

evolved in a land with very low frequency of fire events resprout following a fire?;  secondly, 

do resprouting rates vary between species?; and, finally, how do species composition and 

abundance influence resprouting rates within the local plant community? Ultimately, by 

answering these questions, this study provides insights to guide the restoration and 

conservation of New Zealand forests located in regions that are currently under increasing 

fire pressure. This contribution is likely to be relevant not only in New Zealand, but also in 

other countries and biomes that have not historically experienced frequent fire, but which 

are now facing increasing fire occurrence because of the combined effects of human 

presence and climate change.  

3. 2 Materials and Methods  

The study was conducted in two phases: the first consisted of a detailed literature review in 

order to identify what is known about the resprouting capacity of the New Zealand woody 

flora; and the second comprised a field-based trial where post-fire responses of plants were 

quantified, monitored and analysed. 

Resprouting review 

Aiming to understand if the New Zealand woody flora, which evolved in an environment 

with low fire occurrence, is able to resprout after fire, an extensive survey of the literature 
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referring to the resprouting ability of New Zealand species was conducted. The Scopus 

database was searched for international publications, and the query included fire and 

sprout* in any part of the text, and “New Zealand” in the title, abstract or key-words 

(ALL(sprout* AND fire)  AND  TITLE-ABS-KEY( "New Zealand" )). For national publications, the 

databases of New Zealand Journal of Botany (NZJB) and New Zealand Journal of Ecology 

(NZJE) were thoroughly searched. The query used in the NZJB included sprout AND fire, and 

resprout AND fire in any part of the text. And the NZJE was searched using fire in title, 

abstract and key-words, and searching in each article for sprout or resprout. The queries 

were adapted to the peculiarities of each database searched. Based on the literature, a list 

of New Zealand woody species and their binary resprouting response (yes or no) was 

developed. The position of resprouting buds, quantitative information (e.g. resprouting 

percentage) and relevant comments were included when available. The botanical 

nomenclature followed the New Zealand Plant Conservation Network 

(http://www.nzpcn.org.nz/). 

Field trial - study site 

The trial was undertaken on the Port Hills, on the east coast of New Zealand’s South Island, 

near the city of Christchurch.  Originally the area was covered mainly with podocarp-

broadleaved forest, but as a result of about 700 years of human occupation, the old growth 

forest was reduced to tiny fragments. During the last few decades, much effort has been 

made to preserve and restore the forests in the region, and currently there is a trend 

towards an increasing area covered by native second growth regenerating forest. A more 

detailed characterization of the study site is presented in Chapter 1, section 1.4. 

In February 2017 the region was burnt with two adjacent wildfires affecting about 1660 ha 

(Pearce, 2018). The burnt area was comprised of a complex mosaic of vegetation including 

pine plantations (approximately 518 ha), exotic shrubland dominated mainly by Ulex 

europaeus and Cytisus scoparius (496 ha), pastureland (322 ha), and native vegetation in 

different stages of regeneration back to forest (142 ha) (see Chapter 2, Figure 2.9). The 

study was focused on the burnt patches of native regenerating forest.  
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Sampling and measurements 

The burnt patches of native second-growth forest were sampled in ten 10 x 10 m plots 

(Figure 3.1). The sample design was planned using both pre- and post-fire orthophotography 

and field observations of the study area. The images were used to identify the main burnt 

vegetation types, and the areas that were native second-growth forest pre-fire were 

selected for study. Potential plot locations were identified taking into account accessibility, 

the density of burnt trees (forest rather than scattered trees) and an effort to obtain a 

representative spatial coverage of the total burnt area. The location of potential plots was 

then stratified across the main pre-fire vegetation types, and plots were located randomly 

within 100 metres of tracks to facilitate access and re-measurement. 

The first field sampling was undertaken five months after the fire. All the burnt woody 

plants ≥ 5 cm diameter, measured at 30 cm above ground level, were identified. Any sign of 

resprouting was recorded for each individual. The stems were tagged in order to facilitate 

ongoing monitoring, and the resprouts were counted and classified according to their 

position on the plant - basal or epicormic. Growth form, crown architecture and bark 

characteristics were used to identify the species, as there were no data on the vegetation 

present in the plots prior to the fire event. 

In order to monitor the vigour and survival of resprouts, a second sampling was undertaken 

10 months after the fire event. The plants tagged in the first sampling were checked, the 

number of resprouts counted, and any signs of resprouts wilting, drying or being browsed 

were recorded. Additional sampling was undertaken beyond the sampling plots, in an effort 

to increase the number of individuals sampled per species, with the aim of having at least 

nine individuals. 
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(a) 

(b) 
Figure 3.1: Location of the sampling plots in the burnt landscape (a). Photograph of one of the sampling plots 
(b). 
 

Data analysis 

The species were classified according to the percentage of individuals capable of 

resprouting. When the resprouting rate was ≥ 70%, the species were considered as strong-

resprouters; between 30 and 70%, intermediate-resprouters; and ≤ 30%, weak- and non-

resprouters, as suggested in Gill and Bradstock (1992). In order to determine if the 
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proportions of resprouting differed across species, a chi-squared test was applied to the 

most abundant species (N>12). 

The resprouting rate and type (basal and epicormic) were calculated for each plot and, 

based on these results, the plots were grouped according to the resprouting patterns 

identified.  Data originating from the extra sampling (i.e. beyond the plots) was not included 

in this analysis. The influence of species composition and abundance on these resprouting 

patterns was analysed using non-metric multidimensional scaling (NMDS; McCune, Grace, & 

Urban, 2002). The NMDS analysis used the Bray Curtis dissimilarity index, and was 

performed using the function metaNMDS from the package “vegan 2.4-2” (Oksanen, 2015) 

in the R statistics system. To support the descriptive ordination, a permutational 

multivariate analysis of variance (PERMANOVA) was conducted using the adonis function in 

the same package.  

3.3 Results 

Resprouting review 

The review of resprouting in New Zealand woody species resulted in 82 observations which 

are summarised and presented in Appendix 3.1. Most of the observations were qualitative 

and classified the species resprouting capacity in a binary system, while quantitative data 

(with n ≥ 4) was available for just 23 species, representing 28% of the data set. The field-

based phase of the research provided quantitative information for 13 species, from which 

five species had no previous information and two species had just qualitative information. 

The other quantitative data presented originated from ‘grey’ literature and included two 

masters theses and an undergraduate report. Observations on the resprouting capacity of 

17 non-woody species, including herbs, grasses and ferns, are presented in Appendix 3.2. as 

additional information. 

 Most of the species that usually form the tallest tier of the conifer-broadleaf forests, one of 

the two main forest types in New Zealand, were classified as non-resprouters. These species 

included the conifers Dacrycarpus dacrydioides (kahikatea), Dacrydium cupressinum (rimu), 

Podocarpus spp. and Prumnopitys taxifolia (matai). An exception was Agathis australis 
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(kauri), which was considered capable of resprouting, although considered sensitive to fire. 

Some tall angiosperms that can form a tier beneath the conifers, or the main canopy when 

conifers are absent or sparse, were classified as non-resprouters, such as Metrosideros spp., 

but others as resprouters (e.g., Beilschmiedia spp. and Weinmannia racemosa). The canopy 

species of the beech forests, the other main forest type in New Zealand, were all classified 

as non-resprouters. These species, all in the Nothofagaceae family, were also considered to 

be poor colonizers after fire, and very sensitive to burning. While most of the canopy 

dominant species of the two main New Zealand forest types were non-resprouters, many 

medium and small trees and shrubs were considered capable of resprouting, despite their 

history of little exposure to fire events (e.g., Coprosma spp. and Melicytus spp.) 

Field trial – species’ responses 

A total of 453 woody plants were assessed, 373 in the plots and 80 around the plots (extra 

samples). The total resprouting rate rose from 17%, five months after the fire, to 38% ten 

months after.  From the 24 species identified, 20 were native and four exotic. The exotic 

species represented 15% of the total number of woody plants. The 15 most common species 

(n ≥ 9) represented 92% of the sample, and their resprout proportions were extremely 

variable (Figure 3.2). Considering the resprouting ability of these species, three species were 

classified as strong resprouters, four as intermediate, and eight as weak or non-resprouters 

(Table 3.1).  

Melicytus ramiflorus, classified as an intermediate resprouter, was the most abundant 

species, representing 28% of the total number of plants. The majority (56%) of the burnt 

trees were top killed and resprouted from the base. Epicormic resprouts were observed in 

21%, and a combination of epicormic and basal resprouts in a further 23%. The trees that 

presented epicormic, or a combination of epicormic and basal resprouts, often resprouted 

vigorously, producing more than 10 resprouts per plant. In the case of the top-killed trees, 

the resprouts were less vigorous, with the majority presenting fewer than five resprouts.  
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Table 3.1: Classification of resprout ability for the most abundant species (n ≥ 9), flammability category (Wise et 
al., 2016), and dispersal mode (Burrows, 1994)  

Species N Origin 
Resprout 
% 

Resprout 
ability 

Flamm.  
category 

Dispersal 

Cordyline australis 20 Native 100 Strong Low/Mod bird 

Fuchsia excorticata 9 Native 100 Strong Low bird 

Sambucus nigra 15 Exotic 87 Strong NA bird 

Melicytus ramiflorus  126 Native 69 Intermediate Low bird 

Coprosma robusta/ lucida 33 Native 64 Intermediate Low/Mod bird 

Griselinia littoralis 11 Native 55 Intermediate Low bird 

Ulex europaeus 47 Exotic 13 Weak Very high ballistic 

Plagianthus regius 11 Native 9 Weak Very low gravity / wind 

Pseudopanax arboreus 43 Native 5 Weak Low bird 

Pittosporum 
tenuifolium/eugenioides 

35 Native 3 Weak Low/Mod bird 

Kunzea robusta 39 Native 0 None High wind 

Olearia avicenniifolia 12 Native 0 None NA wind 

Hebe salicifolia 14 Native 0 None NA wind 

 

 

Figure 3.2: Total number of individuals which resprouted (blue) and did not resprout (grey) per species. The 
proportion of individuals resprouting varied across different native species (χ = 196.2; d.f. = 9; p<0.001). * Exotic 
species. Note: Coprosma robusta and C. lucida, and Pittosporum tenuifolium and P. eugenioides were analysed 
together. These congeneric species pairs presented very similar bark and crown architecture, and it was not 
possible to confidently separate these species when they did not resprout. In general, Coprosma robusta seemed 
to be more abundant than C. lucida in the sampled region. 
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Low intensity herbivory was observed on a few individuals of M. ramiflorus (11) and F. 

excorticata (1). Based on the height of the predated leaves and field observations, the 

former seemed to be predated by goats and the latter by hares. Dry or withered resprouts 

were observed on a few trees of M. ramiflorus (3), P. eugenioides (1), F. excorticata (1), G. 

australis (1) and U. europaeus (3). 

Field trial - community response 

The total resprouting rate in the plots varied from 7% to 74%, and the proportion of basal 

and epicormic resprouts was also variable. Based on this variability, different resprouting 

patterns were identified, and three groups of plots could be distinguished (Figure 3.3). The 

first group (G1) comprised the plots where plant mortality was very high and resprouting 

rates were less than 10%. The second (G2) included plots with intermediate resprouting 

rates, from 10% to 40%, and the resprouting type was essentially basal. The third group (G3) 

was composed of plots with higher total resprouting rates, greater than 40%, and the 

resprouting types included both epicormic and basal resprouts. 

The results of the NMDS ordination (Figure 3.4) and the PERMANOVA indicated that species 

composition and abundance were important predictors of resprouting patterns among 

plots, with similar communities resulting in similar resprouting patterns (stress = 0.09, 

p<0.01, R2=0.58). Among the plots with greater resprouting rates, M. ramiflorus was the 

most abundant species. In contrast, the plots with lowest resprouting rates were strongly 

dominated by Kunzea robusta. 
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Figure 3.3: Total resprouting rate and proportion of resprouting type per plot. The different resprouting patterns 
identified resulted in three groups of plots: G1 (red), G2 (blue) and G3 (green). 

 

Figure 3.4: Results of the non-metric multidimensional scaling (NMDS). Resprouting groups are represented by 
colours: G1 (red), G2 (blue), G3 (green), and resprouting percentages are shown under each plot label. 
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3.4 Discussion 

Resprouting review 

The scarcity of quantitative resprouting information identified in this research reflects a 

global trend, as many studies worldwide report just a binary resprouting response and far 

fewer report quantitative data (Vesk & Westoby, 2004). However, understanding 

resprouting goes beyond binary responses (Clarke et al., 2015), as resprouting can be 

represented as a continuous probability between zero and one, and collecting quantitative 

data is fundamental for better understanding of this trait (Vesk & Westoby, 2004).  

Most of the canopy dominant tree species in the New Zealand conifer-broadleaf forests are 

conifers not capable of resprouting. This absence of resprouting is not uncommon among 

other gymnosperm species worldwide (Vesk & Westoby, 2004). In addition, in comparison 

to angiosperms, epicormic resprouting is limited to just a few gymnosperm species, 

probably due to their lack of axillary meristems and hydraulic limitations (Clarke et al., 

2013). 

In contrast, the dominant species of the New Zealand beech forests, which are also not 

capable of resprouting, belong to a family of plants, the Nothofagaceae, that present great 

variability globally concerning resprouting responses, with some of them being successful 

post-fire resprouters in other regions of the world. For example, in the Valdivian rain forests 

in Southern Chile, Nothofagus obliqua and N. alpina are canopy dominant tree species, and 

both resprout after being burnt (Veblen et al., 1996). In Tasmania, Australia, N. 

cunninghamii is also capable of resprouting after fire events (Read & Brown, 1996).  

Despite the absence of resprouting capability of most of New Zealand’s canopy dominant 

species, many smaller trees are able to resprout after burning. Resprouting can be related to 

ancient floras (Bond & Midgley, 2003; Pausas & Keeley, 2014), and is also a common 

response to many other disturbance types, including wind, herbivory, landslides, hurricanes, 

volcanos and floods.  Thus, it is possible that the resprouting ability of native species in New 

Zealand’s non-fire-prone forests has its origins in ancestral lineages or has been shaped by 
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evolutionary forces other than fire (Keeley et al., 2011). Independent of their origin, their 

resprouting capacity will provide these species with a competitive advantage in post-fire 

recovery.  

Species response 

The majority of the native species sampled in the field trial appeared incapable of 

resprouting or resprouted at very reduced rates. This result was expected and can be 

explained by the evolution of the species in an environment with a naturally low fire 

frequency (Kitzberger et al., 2016; Perry et al., 2014). Some of the species classified as non- 

or weak-resprouters, such as P. arboreus, K. robusta, P. tenuifolium/eugenioides, H. 

salicifolia, Olearia avicenniifolia and Plagianthus regius were abundant in the pre-fire 

vegetation and their lack of resprouting has strong implications for the post-fire vegetation 

recovery process.  

Kunzea robusta, H. salicifolia, O. avicenniifolia and P. regius produce small wind-dispersed 

seeds which are not fire adapted and, due to their inability to resprout, their recovery after 

a fire will rely on dispersion from unburnt patches in the region.  K. robusta was incapable of 

resprouting even when not severely burnt, and similar results were also observed in other 

research carried out in New Zealand with this species (e.g., in Hinewai reserve and in 

Marlborough (Richardson et al., 2018; Wabnig, 2014). The resprout capacity of H. salicifolia, 

O. avicenniifolia and P. regius was assessed for the first time in the present study and 

further observation in different study sites is required to confirm their inability to resprout, 

as resprout response can vary depending on many factors, including fire intensity (Vesk & 

Westoby, 2004), plant size, post-fire environmental conditions and site productivity 

(Moreira, Tormo & Pausas, 2012).  

The resprouting rates registered on the Port Hills for P. arboreus (5%, n=43) and P. 

tenuifolium/eugenioides (3%, n = 35) were very low compared to the results of a previous 

study carried out in Hinewai Reserve (Wabnig, 2014). At Hinewai, 100% of the P. arboreus 

trees sampled (n=7) resprouted and 87.5% of the P. eugenioides (n=16) also did. The 

contrasting resprouting responses recorded in these two relatively close locations (both 



Chapter 3: Post-fire resprouting in New Zealand woody vegetation: implications for restoration 
__________________________________________________________________________________ 
 

57 
 

study sites are situated in the same ecological region - Banks Peninsula), might be attributed 

to different burn intensities. The Hinewai fire occurred during winter and was a natural fire 

ignited by a lightning strike, and it is likely that it was less severe mainly because of the 

moister climate conditions typical in winter in this region. In contrast, the Port Hills fire 

occurred in summer and involved two distinct fires which merged.  

Consequently, it can be suggested that the resprout response of P. arboreus and P. 

tenuifolium/eugenioides may be dependent on fire intensity, with more intense fires 

constraining the resprouting capability. While there is no research demonstrating the 

relationship between fire intensity and resprout capacity in New Zealand, in general, 

resprouting proportions are considered a result of the intrinsic resprouting ability of a 

species combined with the disturbance intensity. A decline in resprouting capacity is 

expected as a consequence of an increase in disturbance intensity (Vesk & Westoby, 2004). 

For instance, after intense wildfire, even species native to fire-prone ecosystems and 

regarded as resprouters may fail to resprout or resprout at very low rates (Nicholson et al., 

2017). 

The native species C. australis and F. excorticata (Figure 3.5) showed the highest resprouting 

rates and were considered strong resprouters. C. australis is well known for its resprouting 

ability (Burrows, 1994), and resprouted even when severely burnt. Seedlings of C. australis 

were also observed resprouting in a burnt restoration planting site near the study plots 

(personal observation), demonstrating the strength of this species to recover after fire 

events. The strong resprouting performance of F. excorticata has also been reported 

previously (Burrows, 1994; Perry et al., 2014; Wabnig, 2014). 

Intermediate resprouting rates were observed in C. robusta/lucida (Figure 3.6), G. littoralis 

(Figure 3.7) and M. ramiflorus (Figures 3.8 and 3.9). While no specific information about C. 

robusta or C. lucida is available in the literature, the resprout ability of species in the genus 

Coprosma is well documented, with most species studied capable of resprouting (see 

Appendix 3.1). G. littoralis and M. ramiflorus also resprouted after the fire in Hinewai 

reserve (Wabnig, 2014), but the resprouting proportions there were greater than in the 
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present study. The reasons for this difference are probably the same as discussed for P. 

arboreus and P. tenuifolium/eugenioides above.      

Although the New Zealand vegetation is not fire adapted, some native species were capable 

of resprouting. From the most abundant species sampled, 45% of the native species were 

intermediate- or strong-resprouters (see Table 3.1). Similarly, in the Amazonian rainforest, 

where the native flora also evolved in the absence of fire, a proportion of the native plants 

was capable of resprouting after wildfires (Kauffman, 1991). The results of a study 

conducted in five patches of Amazonian forest showed that 59% of the species were 

capable of resprouting but with great variation rates among species, and the total number 

of individuals resprouting was approximately 40% (Kauffman, 1991), which is very similar to 

the results of the present study (38%).  

 

  
Figure 3.5: Fuchsia excorticata resprouting. 
 
 

Figure 3.6: Coprosma robusta/lucida resprouting. 
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Figure 3.7: Griselinia littoralis resprouting. Figure 3.8: Melicytus ramiflorus resprouting and 

Ulex europaeus seedlings.  
 

 

 
Figure 3.9: High density of Ulex europaeus seedlings regenerating under the burnt bush canopy. In the centre 
of the picture, a basal resprout of Melicytus ramiflorus overcame the thick layer of U. europaeus seedlings. 
The photography was taken in Plot 3, 18 months after the fire. 
 

Even though some of the native species in non-fire-prone forests can resprout after wildfire, 

the percentage of resprouting species is much smaller than in fire-prone forests. For 

example, in Australian fire-prone rainforests the percentage of woody species capable of 

resprouting can reach 90% (Clarke et al.,2009), and in a South-western China forest 100% of 
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the trees and 93% shrubs resprouted within six months after fire (Su et al., 2015). Having a 

smaller percentage of species capable of resprouting is one of the reasons why non-fire-

prone forests have their biodiversity more negatively impacted by fire events than fire-

prone forests. 

The exotic species represented an important component of the total number of woody 

species sampled, with Ulex europaeus (gorse) being the most abundant exotic species. In its 

natural distribution in Western Europe, U. europaeus is a strong resprouter and the 

germination of its seeds is also stimulated by fire, which makes this species a very successful 

coloniser after fire events (Reyes, Casal, & Rego, 2009). On the Port Hills, perhaps 

surprisingly, U. europaeus seldom resprouted, but its seeds germinated vigorously 

producing carpets of seedlings (Figure 3.8 and 3.9). Potentially, below ground or basal 

resprouts were hidden amongst the abundant seedlings, which may have led to an 

underestimation of the resprouting rate. Therefore, further investigation may be required to 

verify if the low resprouting rate is actually a pattern for this species in New Zealand, or if it 

was a consequence of underestimation.  

On the Port Hills landscape, exotic woody species that benefit from fire events are common 

and widespread in the landscape. Considering that these invasive species are fire adapted 

and capable of recruiting seedlings with great efficiency (e.g., U. europaeus and C. 

scoparius), the native flora recovery process faces strong competition pressure. In this 

competitive environment, resprouting capacity is a key feature for the native species. 

Resprouting is a mechanism which allows plants to persist after disturbances and confers 

advantages in the recovery process, as resprouts often grow faster than seedlings (Bond & 

Midgley, 2001), and, therefore, are more competitive. In general, resprouters can form 

larger and taller crowns faster than seedlings because they have larger carbohydrate 

reserves (Miller & Kauffman, 1998) and larger root systems which usually go deeper into the 

soil and have more surface area for absorption of water and nutrients (Kennard et al., 2002). 

On the other hand, the recovery of non-resprouters will rely on dispersed seeds from 

neighbouring populations (metapopulation dynamics), and if this dispersion is not efficient 
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and there is strong competition pressure, the recovery of these species will be very slow or 

they may even face local extinction (Pausas et al., 2016). Thus, from a conservation and 

restoration perspective, resprouters will generally demand less active management to re-

establish than non-resprouters (Bond & Midgley, 2001). 

Community response 

The influence of species composition and abundance on the resprouting pattern among the 

plots can be explained at two different levels: firstly, a direct influence, which is the result of 

the intrinsic resprout capacity of each species; then, indirectly, with species composition 

and abundance influencing the local fuel flammability, and therefore the fire intensity. 

Variation in local fire intensity resulting from fuels with different flammability has the 

potential to influence post-fire responses (Ellair, Platt, & Austin, 2013) and, in general, as 

fire intensity increases, resprouting capacity decreases (Vesk & Westoby, 2004). 

Among the first group of plots (G1, resprouting rates < 10%), K. robusta was the dominant 

species. This pioneer species is highly flammable (Wyse et al., 2016), and often occurs in 

essentially pure stands (Allen, Partridge & Efford, 2011; Burrows, 1996). The strong 

dominance of this non-resprouting species added to its high flammability explains the very 

low resprouting rates in these plots.  

On the other hand, M. ramiflorus was the dominant species in the third group of plots (G3, 

resprouting rates > 40%). This species presented relatively high resprouting capability, which 

directly influenced the plot’s total resprouting rate. In addition, it is likely that the low 

flammability of M. ramiflorus [20] led to less intense fire at a local scale. When the leaf litter 

flammability is reduced, a reduction in fire intensity and an increase in the probability of a 

trees resprouting is expected (Ellair, Platt & Austin, 2013; Grady & Hoffmann, 2012; 

Hoffmann et al., 2012). Indeed, the high epicormic resprouting rates registered in these 

plots also suggests that the fire was less intense (Bellingham & Sparrow, 2000). 

Important mechanisms that explain how the different flammability components change 

when mixtures of species are burnt together were revealed in laboratory experiments 



Chapter 3: Post-fire resprouting in New Zealand woody vegetation: implications for restoration 
__________________________________________________________________________________ 
 

62 
 

conducted in different locations and including species from different ecosystems. As a 

general rule, the more-flammable species of a pair drives the net flammability at the shoot 

level and in the litter level, and this effect is non-additive (De Magalhaes & Schwilk, 2012; 

van Altena et al., 2012; Wyse, Perry, & Curran, 2017). A trial conducted with New Zealand 

native and exotic species, demonstrated that the more-flammable species increases the 

ignition speed and the fire temperature, while the less-flammable may contribute to reduce 

the burning time (Wyse, Perry & Curran, 2017). These mechanisms may explain the 

flammability effect of K. robusta in G1 plots and of M. ramiflorus in G3 plots.  

The second group of plots (G2, resprouting rates 10 - 40%), showed more variation in 

species composition and abundance when compared with the other groups. In contrast to 

the plots in G1 and G3, the G2 plots did not share a common dominant species and 

interpretations on how flammability of the species influenced the resprouting rates in this 

case are more complex and unclear. 

The high flammability of U. europaeus probably influenced the resprouting responses of the 

native species, as U. europaeus occurred in the majority of the plots studied (6/10 plots), 

and was also widespread across the burnt landscape. Due to the high flammability of its 

leaves (Wyse et al., 2016) and the retention of significant amounts of dead flammable 

material, U. europaeus can strongly influence fire temperature (Dent et al., 2019), increasing 

the fire intensity over what would be expected if the generally less-flammable New Zealand 

native vegetation was burning in isolation (Wyse, Perry & Curran, 2017). By increasing the 

fire intensity, the likelihood of the native plants resprouting was probably reduced. 

However, it was not possible to interpret the direct effect of the high flammability of U. 

europaeus on the resprouting rate in each plot. The complexity of the composition and 

structure of the plots, for example U. europaeus combined with different mixtures of native 

species in different proportions, emphasizes the challenge of understanding how several 

species may influence fuel flammability, and how this affects the resprouting rates within a 

community. 
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Despite being unable to disentangle the direct effect of U. europaues on resprouting rates 

within plots, it is broadly recognised that highly flammable invasive plants have the 

potential to alter fire regimes and the response of plants to fire occurrence. By changing fuel 

conditions and increasing fire intensity, the invasive species thrive under the new fire 

conditions created by them (Brooks et al., 2004; Mandle et al., 2011). Probably, when U. 

europaeus replace areas previously dominated by New Zealand forests, it has the potential 

to generate this fire-vegetation feedback reinforced by the shift in fuel flammability. 

3.5 Conclusions 

The composition and abundance of species were shown to be important predictors of the 

resprouting pattern at the community level. Predictions of post-fire responses in ecosystems 

that evolved with low fire frequency are of strategic importance for planning restoration 

and conservation actions. From an ecological restoration perspective, by planting higher 

proportions of resprouters, it may be possible to engineer restored native forests to be 

more fire resilient and more resistant to invasion by exotic species. Finally, the 

comprehensive list of resprouting capability of New Zealand woody species compiled in this 

research will be a crucial starting point to support the incorporation of fire traits of species 

into restoration planning. The incorporation of the resprouting trait into restoration 

planning is likely to be relevant not just in New Zealand, but also in other fire-sensitive 

forests that are currently under fire pressure. 
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Appendix 3.1: Resprouting capacity of New Zealand native trees and shrubs. 
Table 3.1.a: Resprouting capacity of New Zealand native trees and shrubs.   
Note: * Prior to this investigation, there was no quantitative information on resprouting for the species. ** Prior to this investigation, there was no information on resprouting 
for the species. 
 

Family Species Life-form 
Burrows 
(1994) [1] 

Wabing 
(2014) [2] 

Glogoski 
(2017) [3] 

Others 
Current 
research  

Comments 

Araliaceae Meryta sinclairii (Hook.f.) Seem tree    No [4]  Appears to lack the capacity to resprout 
after damage [4]. 

Araliaceae Pseudopanax arboreus (L.f.) Allan tree   
100% 
(n=7)   Yes [5] 5% (n=43)  

Araliaceae 
Pseudopanax crassifolius (Sol. ex 
A.Cunn.) C.Koch 

tree Yes      Yes [5] No (n=1)  

Araliaceae 
Schefflera digitata J.R.Forst. et 
G.Forst. 

tree Yes 
100% 
(n=2) 

   Yes (n=2)   

Araucariaceae Agathis australis (D.Don) Lindl. tree       Yes [6]   Resprout ability reported, although the 
species is considered a fire-sensitive [6]. 

Argophyllaceae Corokia cotoneaster Raoul shrub Yes           

Asparagaceae Cordyline australis (Forst.f.) Endl. * 
tree 
(monoc) 

Yes       100% (n=20) 
Trees often resprouted, even when severely 
burnt (current research). 

Asparagaceae Cordyline spp. tree 
(monoc) 

      Yes [6]   [6]  

Asteraceae 
Olearia avicenniifolia (Raoul) 
Hook.f. ** tree         0% (n=12)   

Asteraceae Olearia colensoi Hook.f. shrub    No [7]  [7] 

Asteraceae Olearia ilicifolia Hook.f. tree    Yes [8]  [8] 

Asteraceae Olearia rani (A.Cunn.) Druce tree    Yes [9]  
Resprout after tree falls and storm damage, 
but fire can decrease the possibility of 
recovery from resproutings [9]. 

Asteraceae 
Ozothamnus leptophyllus (G.Forst.) 
Breitw. et J.M.Ward shrub     No Yes [6,8]   May resprout from the base [8]. 

Corynocarpaceae 
Corynocarpus laevigatus J.R.Forst. 
et G.Forst. 

tree Yes     Yes [4]   
Resprouts may grow into new trees when 
young trees are sawn off at the base [1].  

Cunoniaceae  Weinmannia racemosa L.f. tree Yes     Yes [6]    

Dicksoniaceae 
Dicksonia squarrosa (G.Forst.) 
Swartz tree fern    Yes [10]   
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Family Species Life-form 
Burrows 
(1994) [1] 

Wabing 
(2014) [2] 

Glogoski 
(2017) [3] 

Others 
Current 
research  

Comments 

Elaeocarpaceae Aristotelia fruticosa Hook.f. tree     Yes       

Elaeocarpaceae 
Aristotelia serrata (J.R.Forst. et 
G.Forst.) W.R.B.Oliv. tree Yes 

100% 
(n=9)   Yes [6]   

Resprouts may grow into new trees when 
young trees are sawn off the base [1].  

Ericaceae Dracophyllum acerosum Bergg. tree     No       

Ericaceae Dracophyllum longifolium (J.R.Forst 
et G.Forst.) R.Br. 

shrub    No [7]   

Ericaceae Dracophyllum subulatum Hook.f. shrub    No [11]   

Ericaceae Dracophyllum spp. 
shrub - 
tree 

      No [6]     

Ericaceae Gaultheria macrostigma (Colenso) 
D.J.Middleton 

shrub    Yes [12]   

Ericaceae Gaultheria rupestris (L.f.) D.Don shrub    Yes [8]  Resprouted from rhizomes [8]. 

Fabaceae Sophora microphylla Aiton * tree Yes       25% (n=4) 

Resprouts may grow into new trees, when 
young trees are sawn off at the base [1]. 
Usually did not resprout, even when lightly 
burnt (current research). 

Fabaceae Sophora prostrata Buchanan shrub - 
tree 

      Yes [13]   40 plants resprouted and were tagged and 
30 were still alive 15 years after the fire. 

Griseliniaceae Griselinia littoralis Raoul tree Yes 100% 
(n=4) 

  Yes [4] 50%(n=10) 
Resprouts when young trees are sawn off at 
the base [1]. Withstands fire and continues 
to grow from basal stem sprouts [4]. 

Lamiaceae 
Teucrium parvifolium (Hook.f.) 
Kattari et Salmaki tree   

100% 
(n=5)         

Lamiaceae Vitex lucens Kirk tree    Yes [14]  
Resprouts after general disturbance, 
nothing specific about fire response [14]. 

Lauraceae Beilschmiedia spp. tree       Yes [6]    
Although the resprout ability, is considered 
fire-sentive species [6]. 

Lauraceae 
Beilschmiedia tawa (A.Cunn.) 
Benth. et Hook.f. ex Kirk 

tree Yes     Yes [15]   
Resprouts may grow into new trees when 
young trees are sawn off at the base [1]. 
Resprouted after volcanic activity [15]. 

Loganiaceae Geniostoma ligustrifolium A.Cunn. shrub    Yes [9]  
Resprout after tree falls and storm damage, 
but fire can decrease the possibility of 
recovery from resprouts [9]. 

Malvaceae Hoheria glabrata Sprague et 
Summerhayes 

tree    Yes [8]  Probably can resprout from burnt stumps 
[8]. 
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Family Species Life-form 
Burrows 
(1994) [1] 

Wabing 
(2014) [2] 

Glogoski 
(2017) [3] 

Others 
Current 
research  

Comments 

Malvaceae Hoheria sexstylosa Colenso tree Yes         Resprouts may grow into new trees when 
young trees are sawn off at the base [1]. 

Malvaceae Plagianthus regius (Poit.) Hochr. ** tree         10% (n=11)   

Monimiaceae 
Hedycarya arborea J.R.Forst. et 
G.Forst 

tree    Yes [4]  
Vigorous basal and stem sprouts (general 
disturbance, nothing specific about fire 
response) [4]. 

Myrtaceae Kunzea robusta de Lange et Toelken tree No 0% (n=6)   No [6,13] 0% (n=39) 
Does not resprout, even when lightly burnt 
(current research).  

Myrtaceae 
Leptospermum scoparium J.R.Forst. 
et G.Forst. 

tree No   No  No   
Inability to produce basal sprouts after fire 
[1].  

Myrtaceae Metrosideros umbellata Cav. tree    No [16]  Trees do not recover from forest fires [16]. 

Myrtaceae Metrosideros excelsa Sol. ex Gaertn. tree    No [17]  
Small percentage can resprout from 
epicormic buds after volcanism [17]. 

Nothofagaceae 
Fucospora cliffortioides (Hook.f.) 
Heenan et Smissen 

tree     No No [18]    New Zealand beeches do not resprout 
after fire [18]. 

Nothofagaceae 
Fuscospora solandri (Hook.f.) 
Heenan et Smissen 

tree       No [18]   

Virtually all mountain beech trees scorched 
by fire died within five years [5]. New 
Zealand beeches do not resprout after fire 
[18]. 

Nothofagaceae Fuscospora spp. tree       
No 
[5,6,18] 

  

New Zealand beeches do not resprout 
after fire [18]. Even low temperature 
ground fires often kill most beech trees and 
seedlings in New Zealand [5,6]. 

Nothofagaceae 
Lophozonia menziesii (Hook.f.) 
Heenan et Smissen 

tree        No [6,18]    New Zealand beeches do not resprout 
after fire [18].  

Onagraceae 
Fuchsia excorticata (J.R.Forst. et 
G.Forst.) L.f. 

tree Yes 
100%(n 
=9) 

  Yes  100% (n=9) 

Trees burnt to the ground and felled by 
wind regenerate from resprouts [1]. After 
fire, trees often resprouted abundantly 
from the base (current research).  

Phyllocladaceae Phyllocladus alpinus Hook.f. shrub Yes     Yes [7]   Epicormic resprout [7].   

Phyllocladaceae Phyllocladus spp. tree       No [6]     

Pittosporaceae Pittosporum eugenioides A.Cunn. tree   87% 
(n=16) 

        

Pittosporaceae 
Pittosporum tenuifolium Sol. ex 
Gaertn tree       Yes [6]      
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Family Species Life-form 
Burrows 
(1994) [1] 

Wabing 
(2014) [2] 

Glogoski 
(2017) [3] 

Others 
Current 
research  

Comments 

Pittosporaceae 
Pittosporum 
tenuifolium/eugenioides  

tree         3% (n=35) 

Two slightly burnt plants resprouted, but 
the resprouts dried out and died between 5 
and 10 months after being burnt (current 
research). 

Pittosporaceae Pittosporum sp.  tree   
100% 
(n=2)         

Plantaginaceae Hebe salicifolia G.Forst. ** tree         0% (n=14)   

Plantaginaceae Hebe spp. (hebe) tree    No [8]   

Podocarpaceae 
Dacrycarpus dacrydioides (A.Rich.) 
de Laub. 

tree       No [6]     

Podocarpaceae Dacrydium cupressinum Lamb. tree       No [6]     

Podocarpaceae Halocarpus bidwillii (Kirk) Quinn shrub Yes           

Podocarpaceae Halocarpus spp. tree       No [6]     

Podocarpaceae Podocarpus spp. tree No           

Podocarpaceae 
Podocarpus totara G.Benn. ex 
D.Don tree   71% (n=7)   No [6]  No n (3)  

Podocarpaceae 
Prumnopitys taxifolia (D.Don) de 
Laub. 

tree       No [6]      

Polygonaceae Muehlenbeckia astonii Petrie shrub    Yes [19]  
Resprouts after general disturbance, 
nothing specific about fire response [19]. 

Primulaceae Myrsine australis (A.Rich.) Allan tree       Yes [20]   

Trees damaged near the base produce 
abundant resprouts [1]. Resprouts after 
windstorm, and probably resprout from 
roots after fire [20]. 

Rhamnaceae Discaria toumatou Raoul shrub-tree Yes   
Yes 35 - 
65%  Yes [3,6]   

Between approximately 35 and 65%, 
depending on plant size and time since the 
fire event [3].  

Rosaceae Rubus cissoides A.Cunn. tree   
100% 
(n=1) 

        

Rousseaceae 
Carpodetus serratus J.R.Forst. et 
G.Forst. 

tree Yes 
90% 
(n=10) 

  Yes [5]   

Rubiaceae Coprosma ciliata Hook.f. shrub    Yes [12]   
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Family Species Life-form 
Burrows 
(1994) [1] 

Wabing 
(2014) [2] 

Glogoski 
(2017) [3] 

Others 
Current 
research  

Comments 

Rubiaceae Coprosma crassifolia Colenso shrub       
7 
%(n=163) 
[21] 

   

Rubiaceae 
Coprosma dumosa (Cheeseman) 
G.T.Jane 

tree   
100% 
(n=1) 

        

Rubiaceae Corposma sp. aff. Intertexa 
G.Simpson 

shrub    Yes [22]  Resprouts from the burnt base and from 
underground rhizomes [22]. 

Rubiaceae Coprosma microcarpa Hook.f. tree           [5]  

Rubiaceae Coprosma propinqua A.Cunn shrub     Yes 

36% 
(n=56) 
[21] Yes 
[22] 

  
Resprouts from the burnt base and from 
underground rhizomes [22].  

Rubiaceae Coprosma pseudocuneata Garn.-
Jones et R.Elder 

tree        Yes [5]     

Rubiaceae Coprosma rhamnoides A.Cunn. tree        Yes [5]     

Rubiaceae Coprosma spp. shrub       Yes [1,23]    

Rubiaceae Coprosma cf. rubra ** shrub         60% (n=5)  

Rubiaceae Coprosma robusta/lucida ** tree         64% (n=33) Resprouted – basal and epicormic (current 
research) 

Rubiaceae 
Coprosma serrulata Hook.f. ex 
Buchanan shrub    Yes [8]  Resprouted from surviving base [8]. 

Sapindaceae Alectryon excelsus Gaertn. tree Yes         
Resprouts may grow into new trees when 
young trees are sawn off the base [1]. 

Violaceae Melicytus alpinus (Kirk) Garn.-Jones shrub Yes         

Violaceae 
Melicytus ramiflorus J.R.Forst. et 
G.Forst. tree Yes 93 (n=29)   Yes [6] 69%(n=126) 

Resprouted – basal and epicormic (current 
research) 

Violaceae Melicytus macrophyllus A.Cunn. tree    Yes [9]  
Resprouts after tree falls and storm 
damage, but fire can decrease the 
possibility of recovery from resprouting [9]. 

Winteraceae 
Pseudowintera colorata (Raoul) 
Dandy tree   

77% 
(n=57)         

 



Chapter 3: Post-fire resprouting in New Zealand woody vegetation: implications for restoration 
__________________________________________________________________________________ 
 

69 
 

Appendix 3.2: Resprouting capacity of New Zealand herbs, grasses and ferns. 
Table 3.2.a: Resprouting capacity of New Zealand herbs, grasses and ferns. Note: This is presented only as additional information, as the literature review was focused on 
woody-species. 

Family Species Life-form 
Burrows 
(1994) [1] 

Perry 
(2014) [6] 

Glogoski 
(2017) [3] Others 

Current 
research  Comments 

Campanulaceae Wahlenbergia albomarginata herb   Yes    

Cyperaceae Machaerina spp. (ex Baumea) herb Yes      

Cyperaceae 
Machaerina teretifolia (ex 
Baumea teretifolia) 

junciform 
perenials  Yes     

Cyperaceae Schoenus brevifolius 
junciform 
perenials 

 Yes     

Dennstaedtiaceae Histiopteris incisa fern  Yes     

Dennstaedtiaceae Pteridium esculentum fern Yes Yes Yes  Yes  

Dryopteridaceae Polystichum vestitum Fern     Yes 

The species may resprout after fire. A 
few plants were observed 
resprouting, but no quantitative data 
was registered (current research) 

Dryopteridaceae Polystichum oculatum Fern     Yes 

The species may resprout after fire. A 
few plants were observed 
resprouting, but no quantitative data 
was registered (current research) 

Gleicheniaceae Gleichenia dicarpa Fern Yes Yes     

Poaceae Chionochloa spp. 
graminiformi-
tufted 

Yes Yes     

Poaceae Festuca novae-zelandiae grass Yes      

Poaceae Poa cita grass Yes      

Polypodiaceae Polypodium vulgare fern     Yes 

The species may resprout after fire. A 
few plants were observed 
resprouting, but no quantitative data 
was registered (current research) 

Restionaceae Empodisma minus herb Yes   No [24]   

Violaceae Viola cunninghamii herb   Yes    
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Family Species Life-form 
Burrows 
(1994) [1] 

Perry 
(2014) [6] 

Glogoski 
(2017) [3] 

Others 
Current 
research  

Comments 

Xanthorrhoeaceae Phormium tenax flax     72% (n=32)  
Plants often resprouted, except when 
were mixed with bush trees and 
severely burnt (current research) 
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4.1 Introduction 

Fire is one of the main disturbance drivers globally (Thonicke, et al., 2001), shaping the 

structure and composition of woody vegetation in many different ecosystems. (Bond, 

Woodward, & Midgley, 2005; Bowman et al., 2009; Veenendaal et al., 2018). The capacity of 

vegetation to recover after a fire event or to resist the fire will determine the resilience of 

the ecosystem. In general, forests that evolved under frequent fire events tend to be more 

resilient, with post-fire regeneration resulting in communities similar to the pre-fire 

conditions, unless natural fire regimes are disrupted (Lloret & Zedler, 2009). This resilience 

can be explained by the presence of adaptations that enhance post-fire regeneration, such 

as fire-triggered seedling recruitment, fire-stimulated flowering, and resprouting (Bond & 

Keeley, 2005).  

In contrast, in forests that have evolved with little fire exposure (non-fire-prone), woody 

species tend to be more vulnerable to fire events and to lack fire adaptations (Kitzberger et 

al., 2016; Perry et al., 2014). In these non-fire-prone forests, fire events have the potential 

to alter the vegetation structure and composition (Barlow & Peres, 2008; Kitzberger et al., 

2016), and the post-fire recovery can be very slow (Kitzberger et al., 2016), or the succession 

process can be arrested (Richardson, Holdaway, & Carswell, 2014). New Zealand’s forests 

are an example of non-fire-prone vegetation, where the introduction of anthropogenic fires 

rapidly transformed vast forests into shrubland and grassland (McGlone, 1983; McWethy et 

al., 2010). 

In fact, long-term research monitoring post-fire forest recovery in plots located in Te 

Urewera, a substantial forest remnant located in the North Island, suggests that succession 

towards mature forest has been arrested and, without intervention, the vegetation will turn 

into tree fern-shrub communities (Richardson, Holdaway, & Carswell, 2014). In addition, 

research conducted in a patch of burnt kānuka forest (Kunzea robusta) reports that 15 years 

after fire the recovery of woody biomass was slow and spatially restricted (Richardson et al., 

2018). Another study conducted in a burnt forest dominated by mountain beech 

(Nothofagus solandri), suggests that the post-fire recoveryof the forest is likely to be very 

slow (Wiser, Allen, & Platt, 1997). However, post-fire recovery can be facilitated by active 
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restoration techniques such as direct sowing of native seeds (Ledgard & Davis, 2004) and by 

planting seedlings. Considering that there has been little experience of direct seeding of 

native species in New Zealand (Ledgard & Davis, 2004), and most of those consisted of 

small-scale experimental attempts (Davis, 2013; Dodd & Power, 2007; Douglas, Dodd, & 

Power, 2007; Ledgard, Charru, & Davey, 2008; Stevenson & Smale, 2005), transplanting 

nursery grown seedlings may be a more reliable alternative to assist the recovery of burnt 

vegetation.  

The success of restoration plantings is highly dependent on whether the species will be 

capable of surviving and growing in the environment where they are planted (Smaill et al., 

2011). Consequently, selecting the most suitable species for planting and employing 

adequate maintenance of the seedlings in the field are crucial aspects of the restoration 

process (Norton, Butt & Bergin., 2018; Porteous & Evans, 1993; Smaill et al., 2011). Some 

species are reported to perform better than others, presenting higher survival and growing 

rates and demanding less maintenance, but this performance tends to be geographically 

specific (Sullivan, 2009). Therefore, the selection of species, location of the plantings and 

post-planting maintenance should be supported by information and data collected locally 

(Norton, Butt & Bergin, 2018). 

In 2017, the Port Hills ecological region was affected by one of New Zealand’s most 

significant wildfires in recent decades (Pearce, 2018, 2019). The fire burnt approximately 

1660 ha, including 142 ha of second growth forest at various stages of regeneration 

(Chapter 2).  The fire created demand for restoration, and thousands of seedlings have since 

been planted.   

Considering this increased demand for restoration, the objective of this Chapter was to 

investigate the outcomes of restoration plantings in order to provide practical applications 

for future restoration on the Port Hills region. By monitoring the growth and survival of 

three native woody species, Kunzea robusta (kānuka), Pittosporum tenuifolium (kōhūhū) 

and Pseudopanax arboreus (five finger), the main questions addressed in this Chapter are 

(a) Does planting larger seedlings result in greater growth? (b) Does weed control enhance 
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seedling growth? (c) Do the predominant vegetation types pre-fire influence seedling 

growth? (d) Does probability of survival vary among species? (e) Which factors can influence 

seedling survival? In addition, high diversity, community plantings were monitored with the 

intention of identifying the most common species planted in the post-fire landscape and 

determining how these species performed in terms of growth. 

4.2. Methods 

Study site 

This study was focused on the Port Hills region, particularly the area affected by the 2017 

wildfire. A detailed description of the region and a short summary of the fire event are 

presented in Chapter 1, sections 1.4 and 1.5, respectively. 

Sampling and measurements 

Seedlings from three species, K. robusta (kānuka), P. tenuifolium (kohuhu) and P. arboreus 

(five finger), were planted across the burnt landscape. These species were selected because 

they are abundant in the region, occur naturally in the initial stages of forest regeneration 

(Wilson, 1992, 2013), are commonly planted in restoration projects and were not capable of 

resprouting after the fire (Chapter 3; Teixeira et al., 2020). Seedlings were planted in groups 

of twelve per plot, in the same arrangement in all the plots (Figure 4. 1). In order to prevent 

herbivory, all the seedlings were protected by a tree guard (a plastic trellis fixed to the soil 

with canes).  

 

 

 

Figure 4.1:  Seedling arrangement in the plots. Species planted were P: Pittosporum tenuifolium, F: Pseudopanax 
arboreus, K: Kunzea robusta. The plots were divided into two 5x5 squares and weeds and competing vegetation 
were controlled in the grey portion of the plot.  
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The seedlings were planted in 29 plots, distributed in three vegetation types, totalling 348 

seedlings. The vegetation types were areas dominated by burnt gorse (Ulex europaeus; 10 

plots), areas formerly dominated by bracken (Pteridium esculentum; 10 plots) and areas of 

burnt native second-growth forest (nine plots); the plots will be referred in the text as gorse 

plots, bracken plots and forest plots, respectively (Figure 4.2). The vegetation types were 

identified based on a high resolution orthophotography taken prior to the fire in 2015/2016. 

Potential plot locations were stratified by vegetation type and plots were randomly located 

within 100 m of tracks to facilitate access and re-measurement. The native second-growth 

forest plots were also used in the assessment of resprouting reported in Chapter 3.  

 
Figure 4.2: Planting plot locations across the three vegetation types – bracken, forest and gorse.  
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Before planting the seedlings in the gorse and bracken plots, weeds and regenerating 

bracken and gorse were controlled by spraying the herbicide glyphosate in half of the plot 

(Figure 4.1). Six months after planting, weeds and regenerating bracken and gorse were 

manually controlled in a radius of 10 cm around the seedlings. In the forest plots, weeds 

were manually controlled, and no spray was employed in order to avoid killing regenerating 

native seedling. The seedlings were monitored for a period of 15 months. Seedling height 

and survival were assessed soon after planting, and re-measured at intervals of five months, 

totalling four measurements.  

In order to identify the species that grow faster and are most commonly used in restoration 

plantings in the region, 301 seedlings planted by the community were monitored in eight 

randomly established plots. The community plantings were coordinated by the Christchurch 

City Council and the Summit Road Society and were implemented using a more practical 

approach, rather than a scientific trial. The height of seedlings was measured twice, eight 

months after planting (March 2018) and 20 months after planting (March 2019), 

representing a 12-month growth period.  

Statistical analysis 

Seedling growth and survival data were analysed in R (R Core Team, 2021). Growth data 

were analysed using a linear mixed effects model (Bates et al., 2015). The response variable 

was total growth (final height – initial height; cm). Plots were treated as a random effect. 

Predictor variables were species, cover, weed control and initial height. The model selection 

started including all the explanatory variables and the respective interaction, and it was 

based on the top-down approach (Zuur, 2009). The mixed effects model was also compared 

with linear regression including the same predictors. Akaike Information Criterion (AIC) and 

a likelihood ratio test were used in order to evaluate the significance of the random effect of 

plots. The model selected included just major effects, as two-way interaction terms were 

not significant (p > 0.05). The significance of each effect (fixed effects) was assessed using 

lmerTest package (Kuznetsova, Brockhoff, & Christensen, 2017) and a likelihood ratio test. In 

the likelihood ratio test, the full model was compared to a reduced model (full model minus 

each predictor tested). In both tests, lmerTest and likelihood ratio, predictors with p-value ≤ 
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0.05 were considered significant. The least squares means were calculated for each 

categorical variable of the mixed effect model using lmerTest, function “lsmeansLT” 

(Kuznetsova, Brockhoff, & Christensen, 2017). Post hoc tests of pairwise comparisons were 

conducted for the significant categorical variables using the glht function in the Multicomp 

package (Hothorn, Bretz, & Westfall, 2008). 

The probability of survival was estimated for each species using a generalised linear model, 

using the function “cbind”. Post hoc tests of pairwise comparisons were conducted to test 

the different probabilities of survival estimated for each species using the “glht” function in 

the Multicomp package (Hothorn, Bretz, & Westfall, 2008).The probability of survival was 

calculated by back transformation of the coefficient estimates of the model 1/1+exp(-

coef(model)). 

4.3. Results  

Growth 

The growth of the seedlings was influenced by species, cover, initial height and weed 

control treatment (Figures 4.3 and 4.4). Mean growth of P. tenuifolium (43.2 cm) was 

greater and statistically different from P. arboreus (27.8 cm) and K. robusta (33.2 cm; Figure 

4.3 a). Growth of P. tenuifolium was 1.5 times greater than P. arboreus and 1.3 times greater 

than K. robusta. Seedlings planted under burnt forest had greater mean growth (45.5 cm) 

than seedlings planted under burnt gorse (32 cm) and bracken (26.7 cm; Figure 4.3 b). These 

means were statistically different only between forest and bracken (Figure 4.3 b). Seedling 

growth was significantly greater when weeds were controlled (Figure 4.3 c), and the initial 

height of seedlings had a negative relationship with growth (Figure 4.4). The output of the 

mixed effect model selected to explain seedling growth is presented in Table 4.1. 
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Figure 4.3. Mean seedling growth given the selected model, estimated for species (a), cover (b), and weed 
treatment (c). Error bars depict 95% confidence intervals. Species are abbreviated with the first three letter of 
genera and specific epithet: kun_rob = Kunzea robusta, pit_ten = Pittosporum tenuifolium and pse_arb = 
Pseudopanax arboreus. The mean growth represents the least square mean estimated by the fitted model. 
 

 
 

Figure 4.4: Observed values of seedling growth as a function of initial height. The dots represent the observed 
values for each species: kun_rob = Kunzea robusta, pit_ten = Pittosporum tenuifolium and pse_arb = 
Pseudopanax arboreus. The line represents predicted values based on the mixed effect model. In order to obtain 
the predicted values as a function of the initial height, categorical variables of the model were fixed as weed 
treatment = yes, cover = gorse, species = pit_ten.  
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Table 4.1: Output from the linear mixed effect model fitted for growth analyses. Explanatory variables are 
Species: (a) Pittosporum tenuifolium, (b) Pseudopanax arboreus, Kunzea robusta (reference); Cover: Forest (c), 
Gorse (d), Bracken (reference); Initial height (e); Weed control treatment: Yes (f), No (reference).  
 

 

 

 

 
 

The model selected to estimate seedling growth included the random effect of plots and 

only the main fixed effects (Table 4.2), as the likelihood ratio test presented no statistical 

evidence to include the interaction terms (p = 0.67). The analysis of significance of each 

effect (fixed effects) using the likelihood ratio test is presented in Table 4.3.  

 
 
Table 4.2: Akaike Information Criterion (AIC) calculated for the linear regression model including all the 
explanatory variables and interaction terms (Mod 1), linear mixed effect model including plot as a random effect, 
all the explanatory variables and interaction terms (Mod 2), linear regression model without interactions (Mod 
3) and mixed effect model without interactions (Mod 4). * Model selected. 
 

Code Model description AIC 

Mod 1 Full model + all interactions (linear regression) 2463.46 
Mod 2 Full model + random effect + all interactions  2320.89 
Mod 3 Full model  2457.02 
Mod 4 * Full model + plot as a random effect 2342.7 

 

Table 4.3: Likelihood ratio test of significance for the explanatory variables from the growth analysis using linear 
mixed effect model (Mod 4, Table 4.2). 
 

Main Effects df X2 Pr ( > X2) 

Species 2 35.07 < 0.001 *** 
Cover 2 7.07 0.029 * 
Weed control 1 6.19 0.013 * 
Initial Height 1 17.7 < 0.001 *** 

 

Fixed effects Estimate Std.error t-value Pr ( > |t| ) 

(a) Sp_Pit_ten 9.96 3.64 2.74 0.007 ** 
(b) Sp_Pse_arb -5.37 5.06 -1.06 0.289 
(c) Cover_FO 18.83 7.19 2.62 0.014 * 
(d) Cover_GO 5.36 7.02 0.76 0.452 
(e) Height_i -0.57 0.13 -4.29 <0.001 *** 
(f) Weed_cont_Y 4.69 1.89 2.49 0.013 * 
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Survival 

The probability of survival of a seedling was species specific, with P. arboreus presenting a 

significantly lower probability of surviving (40%), when compared with P. tenuifolium (100%) 

and K. robusta (98%; Figure 4.5). The greatest mortality of seedlings occurred within the first 

five months of planting, after which the total number of dead seedlings increased gradually 

over time (Figure 4.6). 

 

Figure 4.5: Probability of survival estimated for each species: kun_rob = Kunzea robusta, pit_ten = Pittosporum 
tenuifolium and pse_arb = Pseudopanax arboreus. Error bars depict 95% confidence intervals. Species 
designated with different letters present statistically different probabilities of survival.  
 

 
Figure 4. 6: Total number of dead seedlings registered in each assessment. Numbers in parenthesis represent 
the number of months since planting. 
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Community plantings 

From the 301 seedlings monitored, 251 seedlings (83%) represented the most commonly 

planted species and genera (≥ 9 seedlings planted; Table 4.4). There was substantial inter 

and intraspecific variability in seedling growth, and based on the median growth, species 

were classified in three groups (Figure 4.7). Coprosma robusta, Hebe sp., K. robusta/L. 

scoparium, P. tenuifolium, P. arboreus and P. crassifolius presented superior growth, with 

most of the seedlings growing more than 40 cm. G. littoralis, Olearia sp., P. eugenioides and 

P.s regius/H. angustifolia presented an intermediate growth with most of the seedlings 

growing between 20 and 40 cm. P. totara had an inferior growth with most of the seedlings 

growing less than 20 cm. 

Table 4.4: Species and genera most common in the community plantings. 
 

Species Number of 
seedlings 

Coprosma robusta 37 

Pittosporum tenuifolium 33 

Olearia sp. 30 

Griselinia littoralis 26 

Kunzea robusta/Leptospermum scoparium 24 

Pseudopanax arboreus 23 

Plagianthus regius/Hoheria angustifolia 17 

Pittosporum eugenioides 18 

Podocarpus totara 12 

Hebe sp. 11 

Pseudopanax crassifolius 11 

Myoporum laetum 9 

Others 50 

Total 301 
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Figure 4.7: Boxplot showing seedling growth of the most commonly planted species (species with more than 9 
seedlings planted; growth = height second assessment – height first assessment).  The median was used to 
classify the seedlings into three growth categories: Inferior = growth < 20 cm, Intermediate = 20 cm < growth < 
40 cm, Superior = growth > 40 cm. Species are abbreviated with the first three letters of the genera and the 
first three letters the specific epithet. Exemptions are: Heb_sp and Ole_sp, which included more than one 
species of the genera Hebe and Olearia. Aiming to avoid misidentification, the species Kunzea robusta and 
Leptospermum scoparium (Kun_Lep) were analysed together and also Plagianthus regius and Hoheria 
angustifolia (Pla_Hoh). 

 

4.4 Discussion 

Growth  

Initial height at planting and the species strongly influenced seedling growth (p < 0.001 and 

p < 0.01, respectively; Table 4.1); along with an intermediate effect of cover and weed 

control (p = 0.01, for both; Table 4.1). 

The negative relationship between initial height and growth of seedlings was unexpected 

given the commonly positive relationship observed at other restoration sites (e.g., Charles 

et al., 2018). However, despite being less common, other authors (e.g., Averett et al., 2017) 

have also reported an inverse relationship between initial height and growth. In the present 

restoration site, this inverse relationship was probably strengthened by the many tall 

kānuka seedlings that presented negative growth. The negative growth occurred mainly 

when the top of the seedlings dried out, and the seedlings later sprouted from a lower bud. 
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This could be associated with dry periods, when seedlings are likely to allocate resources to 

root growth, rather than shoot growth, in order to improve moisture absorption (Gerhardt, 

1993). 

This inverse effect of initial height means that planting larger seedlings, which are often 

more costly, might not provide greater growth rates. However, caution should be taken 

when interpreting this result, as the negative relationship identified here was based on data 

from only three species and should not be extrapolated to other species. In addition, initial 

height may still have a positive relationship with survival (Anton, Hartley, & Wittmer, 2015).  

Regarding the significant effect of species, other research focused on monitoring seedling 

growth also reported that growth rates were species specific (Anton, Hartley, & Wittmer, 

2015; Averett et al., 2017; Charles et al., 2018). The substantially greater growth of 

Pittosporum tenuifolium reported in the present study was similarly observed at other 

restoration sites (e.g., Smaill et al., 2011). Due to this fast-growing attribute, P. tenuifolium 

is often included in restoration plantings across New Zealand (Collins e al., 2013; Laughlin & 

Clarkson, 2018; Smaill et al., 2011; Sullivan, 2009), and can be successfully used as a nurse 

tree with the potential to enhance the initial survival and growth of other species (Johnson, 

2012). 

Another factor influencing seedling growth was the control of weeds, with greater growth 

observed in plots where weeds and competing vegetation were reduced by a combination 

of chemical control before planting and manual control after planting. It has been shown in 

research undertaken in New Zealand (Smaill et al., 2011; Sullivan, 2009) and worldwide 

(e.g., Sweeney, Czapka, & Yerkes, 2002; Thaxton et al., 2012), that the competition pressure 

provided by weeds can have a negative effect on seedling growth and establishment. 

Therefore, controlling weeds is nearly always needed in restoration plantings across New 

Zealand (Davis & Meurk, 2001). The control of weeds employed in this research was not 

intensive when compared to other research focused on evaluating weed control systems 

(e.g., Smaill et al., 2011), suggesting that even small efforts towards reducing competition 

can be sufficient to favour seedling growth during the first year after planting. 
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Growth was also influenced by the pre-fire vegetation cover predominant in the plots where 

the seedlings were planted. Seedlings planted in the forest plots exhibited the best growth 

outcomes, with significantly better growth than those planted in the bracken plots (p = 

0.01). Indeed, seedling growth can be influenced by interactions with the surrounding 

vegetation (Stoll & Weiner, 2000) and can vary with the density of neighbouring vegetation, 

the composition and the differences in strategies for resource acquisition (Charles et al., 

2018; Gómez-Ruiz, Lindig-Cisneros, & Vargas-Ríos, 2013; Piotto et al., 2003; Potvin & 

Dutilleul, 2009; Setiawan et al., 2017).  

The burnt trunks and the resprouting trees have provided partial shade, protection from 

strong winds and desiccation, probably creating a microclimate more suitable for the 

growth of the seedlings. Williams and Buxton (1989) demonstrated in a glasshouse trial that 

many native trees and shrubs commonly found in early stages of forest succession, including 

P. tenuifolium and P. arboreus, exhibited greater height growth under partially shaded 

conditions.  

It is likely that the greater growth of the seedlings in the forest plots was influenced not just 

by this nurse effect, but by a combination of factors. Edaphic conditions may have also 

played an important role. For example, the combustion of the forest litter has the potential 

to increase the concentration and availability of some nutrients in the soil, including cations 

of potassium, calcium and magnesium (Pyne, Andrews & Laven, 1996), favouring growth in 

the forested plots. Another possibility is that the fire did not completely kill the soil 

microorganisms, such as mycorrhizae (Verma & Jayakumar, 2012), and the presence of this 

microbiota may have contributed to the greater seedling growth. For example, Williams, 

Norton, and Ridgway (2012) demonstrated that seedlings of Podocarpus cunninghamii 

planted in a restoration site showed greater growth rates when inoculated with arbuscular 

mycorrhizae from native forest.  

In contrast to the forest plots, in the plots formerly dominated by bracken, bracken 

resprouted abundantly soon after the fire resulting in a dense layer of vegetation close to 

the ground. This dense regeneration of bracken probably competed with the seedlings for 
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water, soil nutrients and/or light, resulting in seedlings with lower growth rates. Bracken is 

very efficient at absorbing nutrients, such as phosphorus and magnesium, and can compete 

strongly for soil nutrients in forest plantations (Evans, Nordmeyer, & Kelland, 1990, as cited 

in McGlone, Wilmshurst, & Leach, 2005). While bracken can potentially enhance forest 

regeneration in wet climate regions (Wilson, 1994), on the Port Hills the regeneration of 

native trees and shrubs through bracken has previously been reported to be very slow in 

dryer sites (Partridge, 1992; Williams, 1983). 

In summary, from a restoration perspective, seedlings from species not capable of 

recovering after fire should, where possible, be planted under the burnt forest canopy in 

order to achieve greater growth rates. Planting seedlings can be an important restoration 

strategy to support the re-establishment of populations of species that may fail to 

regenerate naturally after fire. 

Survival 

The probabilities of survival registered for P. tenuifolium and K. robusta in the present 

restoration site (100% and 98%, respectively) were high, and comparable to other research 

in New Zealand. For example, Smaill et al. (2011) reported survival rates of about 75% for P. 

tenuifolium and 60% for K. robusta, two years after planting; and Johnson (2012) observed a 

survival rate of 75 and 100% for P. tenuifolium six months after planting, depending on the 

silvicultural treatment adopted. The high probability of survival reported here is likely to 

decrease gradually over time, as mortality will probably continue for at least two years after 

planting, with longer term studies reporting more than 10% annual mortality on the third 

and fourth year after planting (Anton, Hartley, & Wittmer, 2015). 

It was not possible to identify the factors influencing seedling survival, as the low probability 

estimated for P. arboreus (40%) was possibly influenced by factors not controlled in this 

experiment, such as the quality of seedlings. It was noticed, during the planting, that some 

of the seedlings had poorly developed root systems. In a post-planting assessment 

conducted about four weeks after planting, dead and wilting seedlings of P. arboreus were 

observed in some of the plots. Higher mortality rates in restoration plantings occur more 
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often during dryer seasons (e.g., Anton, Hartley, & Wittmer, 2015), and are not commonly 

registered during the wet season, shortly after planting. Therefore, it is very likely that the 

low survival rate of P. arboreus was influenced by the quality of the seedlings. Although 

seedling quality was not evaluated in the present study, it is well known that using high-

quality seedlings, with well-developed and balanced root systems is crucial to seedling 

establishment (Smaill et al., 2011, Norton, Butt & Bergin, 2018). 

Community plantings 

The variability observed in seedling growth across the community plantings was expected, 

as the seedlings were planted by different community groups and coordinated by two 

different organisations, who employed a variety of planting techniques and silvicultural 

treatments. For example, these included variable spacing between seedlings, different weed 

control methods and frequency, variable use of mulch and fertilizer. Despite this variability 

in restoration methods and the fact that the community plantings were not structured in an 

experimental design, they provided valuable information on the initial growth of seedlings 

from the most common species planted into the burnt landscape. 

For future restoration plantings on the Port Hills fire region, the species with superior 

growth rates, such as C. robusta, Hebe sp., K. robusta, L. scoparium, P. tenuifolium, P. 

arboreus and P. crassifolius, are recommended to be planted in higher densities if faster 

canopy closure is required.  This strategy can be particularly relevant in areas of intense 

competition pressure and in situations where maintenance is less likely to occur, such as in 

regions with steep slopes, difficult access, or in projects with restricted resource availability. 

Species with inferior growth rates should be included in the initial species mixture in lower 

densities (Sullivan, 2009) or planted later with the aim of enriching the restored forest 

(Laughlin & Clarkson, 2018). 

4.5. Conclusions 

In summary, seedling growth was influenced by the predominant vegetation types pre-fire, 

with seedlings planted under the burnt canopy presenting greater total growth than 
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seedlings planted in open areas. Greater growth was also obtained where weeds were 

controlled. Contrary to most research reporting on seedling growth, the initial height of the 

seedlings presented a negative relationship with seedling growth, which means that 

planting larger seedlings of P. tenuifolium, K. robusta and P. arboreus is unlikely to result in 

greater growth. Regarding the different performance of these three species, seedlings of P. 

tenuifolium presented greater growth and P. arboreus presented lower probability of 

survival, when compared to the other two species. It was not possible to identify the factors 

influencing seedling survival, as mortality of seedlings was probably influenced by factors 

not controlled in this research, especially the quality of the seedlings planted. Finally, the 

monitoring of community plantings resulted in a list with the most common species planted 

in the burnt landscape and information on the initial growth of each species, which can be 

particularly useful to guide the selection of native species in future plantings.
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5.1 Introduction 

This doctoral research investigated the history of land cover changes on the Port Hills over 

the last four decades (Chapter 2), analysed the post-fire recovery of the native forest after 

the 2017 wildfire (Chapter 3) and tested post-fire restoration actions implemented across 

the burnt region (Chapter 4). Based on the land cover history, local trends in natural 

vegetation dynamics and anthropogenic land use were revealed, providing crucial 

information for landscape planning and for understanding the context of the 2017 wildfire. 

The analysis of post-fire recovery of the Port Hills woody flora, particularly regarding the 

ability of species to resprout, provides strategic insights for restoration planning focused on 

enhancing forest resilience to wildfires. This analysis was further expanded to the whole 

country, by extensively surveying the current literature related to the resprouting traits of 

various species. In addition, by monitoring growth and survival of seedlings planted after the 

fire, recommendations for future restoration plantings are suggested based on the 

performance of different species and factors influencing seedling growth. 

The key findings of this research are summarised in this final chapter, and practical 

recommendations are suggested in order to support restoration planning and landscape 

management towards reducing the negative impacts of future wildfires and enhancing 

biodiversity conservation on the Port Hills. In addition, research limitations and suggestions 

for future research are discussed. 

While this research was undertaken in a single area (the Port Hills region), most of the 

outcomes and implications for restoration and landscape management can be broadly 

applied to other fire-susceptible regions in New Zealand. In addition, some of the 

implications from this research are also likely to be relevant to other countries where 

ecosystems evolved with little exposure to fire but are currently facing increased fire 

occurrence. 
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5.2 Recommendations for forest restoration 

Restoration of the burnt forest 

The decision about which strategy should be employed to restore the native forest burnt in 

the 2017 wildfire will depend on many factors, including the natural resilience of the burnt 

forest patches, the local severity of the wildfire, and the distance to unburnt forest patches. 

Based on the initial resprouting responses presented in Chapter 3, inferences can be made 

regarding the resilience of the burnt forest.  

Overall, patches of burnt forest composed mainly of species identified as weak or non-

resprouters will probably be less resilient and take longer to recover than patches 

dominated by strong and intermediate resprouters. Given the lack of fire adaptations in the 

native flora, such as fire-triggered germination or fire-resistant seed bank (Perry et al., 

2014), the recovery of these vegetation patches will rely on seed dispersal from unburnt 

vegetation, a process that can be slow. The rate of recovery will depend on many factors, 

for example the distance from seed sources, availability of dispersers and the capacity of the 

native flora to compete with fire-adapted exotic species. 

In contrast, greater recovery rates are expected where resprouters are abundant. 

Resprouting overcomes the risks related to seedling establishment, such as limited 

dispersion or predation, and often starts with vigorous shoots that tend to grow faster than 

seedling plants (Bond & Midgley, 2001). Therefore, resprouters are expected to be more 

competitive and likely to re-establish in a landscape where exotic fire-adapted species are 

abundant, such as on the Port Hills.  

From a practical perspective, patches of vegetation formerly dominated by weak and non-

resprouters will demand more attention from restoration practitioners, as these patches are 

more likely to require restoration actions, which can range from assisting natural 

regeneration to direct planting of seedlings.  In addition, populations of species classified as 

incapable of resprouting or as weak resprouters should be closely monitored and, in case 

these populations do not recover naturally, planting of seedlings may be required in order 

restore the biodiversity of the ecosystem.  
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The strategy of planting seedlings aiming for the re-establishment of species not capable of 

recovering post-fire is supported by the results presented in Chapter 4, especially regarding 

planting location. In Chapter 4, seedlings of three weak or non-resprouting species, 

Pittosporum tenuifolium, Pseudopanax arboreus and Kunzea robusta, were planted in 

different locations – open areas formerly dominated by bracken fern (Pteridium 

esculentum), areas of burnt gorse (Ulex europaeus) and areas of burnt forest. Overall, after 

15 months, the seedlings showed greater growth when planted under the burnt canopy 

than in open areas. The greater performance of seedlings planted in burnt forest can be a 

result of a combination of factors, such as nurse effect provided by burnt trunks and 

resprouting trees, release of nutrients in the soil due to litter combustion, and presence of 

mycorrhizae specific to the native forest.  Therefore, seedlings of species that may fail to 

naturally regenerate after fire should preferably be planted under the burnt forest canopy, 

rather than in open areas. 

Natural regeneration on the Port Hills landscape 

Despite the historical deforestation that reduced the native forest cover of the Port Hills 

region to less than 1 % (Wilson, 2013), during the last four decades (from 1973 to 2017), the 

total area covered in regenerating native forest dominated by mixed angiosperm species 

has doubled and currently represents about 15% of the total area investigated in Chapter 2. 

Most of the increase in native forest occurred through natural regeneration, in a 

successional process beginning with pasture abandonment, followed by exotic shrubland 

colonization and subsequent regeneration of native woody species. This result shows that 

some regions of the Port Hills have the potential to regenerate without major active 

restoration, such as planting. Therefore, natural regeneration should be prioritised where 

possible, not just because it is the most cost-effective restoration approach, but also 

because there are many situations in which vegetation biodiversity and forest structure are 

more successfully restored through natural regeneration than through active restoration 

(Crouzeilles et al., 2017). However, the speed of natural regeneration will be dependent on 

the availability of seed sources. 
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In contrast, the total area of regenerating forests dominated by kānuka remained practically 

unchanged over the last few decades (Chapter 2).  From a biodiversity conservation 

perspective, landowners on the Port Hills could be encouraged to preserve patches of 

kānuka, as this native woody species play an essential role as initial coloniser in the 

successional process towards mature forest (Sullivan, Williams & Timmis, 2007), which is the 

main vegetation type that formerly dominated the landscape (Wilson, 2013). Kānuka 

establishment and spread was particularly strong on rough and hilly pastureland, as 

exemplified in Chapter 2. In this case, the preservation of patches of kānuka will contribute 

not just to biodiversity, but also to soil conservation.  

Restoration plantings in fire susceptible areas 

In regions where future fire events are more likely to occur, for example in wildland-urban 

interfaces (WUI), or regions predicted to experience more severe fire weather and fire 

danger, fire should be considered as an important factor for restoration planning. Although 

most restoration plantings have been focused on keeping historic fidelity by using remnant 

natural ecosystems as a reference, and aiming to restore this vegetation composition and 

structure, this target is not always possible (Jackson & Hobbs, 2009) or advisable. 

Restoration ecologists are increasingly recognising that human activities, climate change 

and species invasion profoundly transform the environment, and even alter biochemical 

cycles. In these cases, restoration of historical vegetation composition and structure may be 

unsustainable and restoration efforts should be directed towards the recovery of ecological 

processes, based on selected functional traits (Jackson & Hobbs, 2009). It has been 

recognised internationally that new fire regimes, altered as a consequence of human 

activities and climate change, should be incorporated into restoration strategies aimed at 

enhancing the resilience of newly restored landscapes (Robinne et al., 2018).  

Based on these concepts and supported by the post-fire vegetation responses presented in 

Chapter 3, a novel approach for restoration planting in fire susceptible areas is 

recommended here. This novel approach, hereafter called the fire resilient restoration 

approach, suggests that by planting higher proportions of resprouters, it is possible to 

engineer more fire resilient restoration plantings.  A conceptual model exemplifying how 
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plant communities abundant in species capable of resprouting tend to be more fire resilient 

and resistant to invasion is presented in Box 5.1. In addition, the fire resilient restoration 

approach can incorporate a combination of fire-related plant traits, for instance resprouting 

in combination with flammability (Figure 5.1). In this sense, the review of the resprouting 

capacity of New Zealand’s woody flora (Chapter 3) provides crucial information to support 

the selection of species for restoration plantings based on fire-related traits. 

In the context of the Port Hills landscape, the fire resilient restoration approach is 

recommended to be used in restoration plantings located in regions close to roads, public 

access tracks, car parks, in the interface with urban areas, and other areas identified as 

more susceptible to fire occurrence. This restoration planting approach can also be used in 

other locations of New Zealand predicted to experience more frequent fires, such as the 

eastern regions of both islands, part of the central region (Wellington and Nelson) and the 

Bay of Plenty (Pearce & Clifford, 2008). Finally, the incorporation of the resprout trait and 

other fire-related traits in restoration plantings is likely to be relevant not just in New 

Zealand, but also in other historically non-fire-prone regions that are facing an increase in 

fire frequency.  
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Box 5.1: Conceptual model demonstrating how plant communities abundant in species capable of 
resprouting tend to be more fire resilient and resistant to invasion. Model based on the present study 
case. 

 

When fire affects a native plant community that lacks fire adaptation and is abundant in 

species not capable of resprouting, this community will be more susceptible to invasion by 

exotic fire-adapted species, such as Ulex europaeus, Cystus scoparius and grasses. If these 

exotic species regenerate and establish in the area post-fire, the subsequent establishment 

of native seedlings will be limited by strong competition. Consequently, this novel 

community tends to be arrested in an exotic and high flammable woody canopy state for a 

long period of time, retarding the successional process. This novel community is generally 

more susceptible to new fire occurrence, due to its high flammability, and has the potential 

to generate a positive fire feedback. If the community does not burn again, and if sources of 

native seeds from unburnt patches are available, partial shade-tolerant native seedlings will 

slowly colonise the area following the successional trajectory back to native forest. On the 

other hand, if resprouters are abundant in the native plant community, the resprouting 

trees will compete and overcome the exotic seedlings post-fire (see Figure 3.9), reducing 

the probability of an exotic flammable canopy dominance, and speeding up the 

successional process.  Therefore, communities abundant in resprouters tend to be both 

more fire resilient and resistant to invasive species. 



Chapter 5 – Recommendations for forest restoration and post-fire landscape management 
__________________________________________________________________________________ 
 

97 
 

 

 

Figure 5.1: Representation of a restoration planting engineered to be more fire resilient, taking into account 
traits such as resprouting capacity and flammability of species. 
 
 
General recommendations for restoration plantings 

The selection of suitable species, environment and adequate maintenance techniques are 

important aspects of seedling performance in restoration plantings (Norton, Butt & Bergin, 

2018; Porteous & Evans, 1993). Considering that seedling performance is usually 

geographically specific (Sullivan, 2009), information gathered locally is of strategic 

importance to support restoration planning (Norton, Butt & Bergin, 2018). In this sense, by 

monitoring growth and survival of seedlings of different species planted on the burnt region 

of the Port Hills and submitted to different maintenance regimes, the results presented in 

Chapter 4 have important practical implications for future plantings in the region. The main 

implications are briefly presented in this section as they were discussed in detail in Chapter 

4.  

In summary, seedling growth was greater when herbicide and manual control of weeds was 

employed, indicating that reducing competition is an important factor in restoration 
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planting. In addition, growth did not present a positive relationship with the initial height of 

the seedlings, which means that planting larger seedlings might not provide greater growth 

rates. From a practical perspective, it means that larger seedlings, which are generally more 

costly, may not result in greater growth. In contrast, planting larger seedlings usually 

increases the probability of seedling survival (Anton, Hartley, & Wittmer, 2015), but it was 

not possible to evaluate this effect in the present research. 

Finally, information on the initial growth of the most common species planted in the burnt 

landscape can be used to guide the selection of native species in future plantings. For 

example, species showing superior growth, such as C. robusta, Hebe sp., K. robusta, L. 

scoparium, P. tenuifolium, P. arboreus and P. crassifolius, should be planted in higher 

densities if faster canopy closure is required.   

5.3 Recommendations for landscape management  

The analyses of the main land cover changes on the Port Hills, presented in Chapter 2, 

provides crucial background information to support the management of the landscape. This 

information, combined with the current available literature regarding fire management, was 

used as a basis to elaborate the landscape management recommendations presented in this 

section. The recommendations are suggested for each land cover class (Box 5.2) and are 

focused on minimising the negative impacts of future wildfires and enhancing biodiversity 

conservation on the Port Hills. 

Box 5.2: Management actions suggested aiming to minimise the negative impacts of fire and to enhance 
biodiversity conservation.  
 

 
Pinus radiata plantations  

- Establishment of firebreaks to interrupt fuel continuity and facilitate fire 
control  

- Establishment of low flammable green firebreaks (greenbelts) using native 
species in order to hamper fire spread and enhance biodiversity 
conservation 

- In regions of higher fire risk, consider prescribed low intensity burning aiming 
to reduce surface fuel loads  

- In regions of higher fire risk, consider pruning and thinning in specific zones 
to reduce vertical fuel continuity and avoid crowning fires 
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- Increase fire risk awareness among landowners 
 
Pastureland 

- Establishment of low flammable green firebreaks and fuel breaks 
- Avoid large and continuous areas of low grazing intensity  

- Increase fire risk awareness among landowners 

- Avoid spraying exotic shrublands in areas of higher fire risk 
 

Native forest dominated by mixed angiosperms and restoration plantings 

- Patches of native forest in more advanced regeneration stages or of strategic 
biodiversity value may be protected by firebreaks. 

 

Exotic shrublands protected to allow succession back into forest 

- Establishment of low flammable green firebreaks 
- In regions of higher fire risk, strategic planting of low flammable native 

species and fire-resilient species aiming to speed up succession and increase 
availability of native seeds.    

- Control of exotic mammals aiming to reduce predation of native 
seed/seedlings.  

 

Native forest dominated by kānuka 

- Establishment of low flammable green firebreaks  

- In regions of higher fire risk, canopy manipulation in order to accelerate 
forest succession towards a lower flammable state 

- Control of exotic mammals aiming to reduce predation of native 
seed/seedlings. 

 

 

Pinus radiata 

The area covered by P. radiata increased greatly over the last four decades and became an 

important component in the Port Hills landscape, covering 23% (894 ha) of the total area 

investigated in 2017 (Chapter 2). This land cover class was the most affected by the 2017 

fire, with a total of 518 ha burnt. While fuel complex in P. radiata plantations changes with 

time and presents different characteristics in young and mature plantations (Bartlett, 2012), 

overall the fuel complex is highly flammable and can sustain fires of high intensity (Cruz, 

Alexander, & Plucinski, 2017).  Therefore, managing P. radiata plantations with the aim of 

reducing the negative impacts of future wildfires is critical in the Port Hills landscape.   
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The establishment of external and internal firebreaks is a technique widely used and 

recommended in pine plantations, as it contributes to reducing fire spread and also assists 

fire suppression, providing easy access for firefighters (Bartlett, 2012; FFMG, 2007). The 

dimensions and location of firebreaks will depend on a series of factors that should be 

locally evaluated. This subject is well discussed in (Bartlett, 2012; FFMG, 2007). In addition, 

green firebreaks planted with low flammability native species can be used in combination 

with traditional firebreaks in order to prevent fire spread and enhance biodiversity (Cui et 

al., 2019). The use of firebreaks and green firebreaks is recommended for most land cover 

classes (Box 5.2), and a short description of these fire management techniques is presented 

in Box 5.3.  

Silvicultural treatments can also be employed with the aim of modifying fuel availability and 

reducing fire hazard (FFMG, 2007). For example, in areas of high fire risk, pruning and 

thinning can be successfully used to reduce vertical fuel continuity and avoid crowning fires 

(Cruz, Alexander, & Plucinski, 2017). Adding to silvicultural treatments, low intensity burning 

can be prescribed to reduce surface fuel loads (FFMG, 2007). Extensive information 

regarding fire management in pine plantations, can be found in Bartlett (2012), Cruz, 

Alexander and Plucinski (2017) and  FFMG (2007). 

Box 5.3: Concept and description of firebreak, fuel break and green firebreak. 
 

 
Firebreaks and Fuel breaks 

Firebreaks and fuel breaks are strips or patches of land where fuels are removed or 

managed aiming to hamper the propagation of fire (Ascoli et al., 2020). These fire 

management techniques have been used worldwide, and can be employed in a variety 

of landscapes, from grasslands to woodlands (Pyne, Andrews, & Laven, 1996). For 

example, in pasture, heavily grazed zones intentionally managed to keep flammability 

low can be a fuel break strategy (Pyne, Andrews & Laven, 1996). In plantations of Pinus 

radiata, strips of bare ground, such as dirt roads around the perimeter and inside the 

planted area can work as firebreaks (Bartlett, 2012). The type of fuel-break, width and 

design can vary greatly, and will depend mainly on the characteristics of the site where 

they will be implemented and the objectives and strategies of fire management (Pyne, 

Andrews & Laven, 1996). 
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Green firebreaks 

Green firebreaks, which can be considered a variant of fuel breaks, consist of a strip 

of low flammability vegetation planted to slow down or stop fire spread (Curran et al., 

2017; Pyne, Andrews & Laven, 1996). The selection of species is a crucial step for 

establishing green firebreaks (Wang et al., 2021) and this is challenging given the 

complex nature of flammability attributes - combustibility, ignitibility and 

sustainability (Murray et al., 2020). Adding to low flammability, many other traits, such 

as growth rate and capacity to regrow after fire, are considered relevant to the 

selection of appropriate species. A broad set of suitable traits are discussed by Cui et 

al. (2019) and Wang et al. (2021). While green firebreaks can be composed of only one 

species (single-layer), the most efficient ones are composed of a variety of trees, 

shrubs and herbs (multi-layer) (Cui et al., 2019). Beyond functioning as a fire barrier, 

if multi-layered green firebreaks are constructed using local native species, they will 

have a significant potential to enhance biodiversity conservation in the landscape. In 

addition, the strips of native vegetation can also be used as ecological corridors, 

connecting patches of native vegetation in a fragmented landscape. An initial step 

towards selecting the pool of native species suitable to be used in green firebreaks on 

the Port Hills and in other fire-susceptible regions in New Zealand should be based 

primarily on the assessment of flammability of woody species presented by Wyse et 

al. (2016), and secondarily on the assessment of resprouting capacity of woody species 

(Chapter 3), as low flammability and resprouting capability are fundamental features 

(Cui et al., 2019). However, more research is needed in order to support the selection 

of the pool of native species, and to evaluate the effectiveness of using green 

firebreaks in a variety of landscape contexts in New Zealand. 

 
Pastureland 

The decrease in open areas used primarily as pasture is one of the main land cover changes 

detected over the last four decades. From 1973 to 2016, the area covered in pastureland 

reduced from 53% (2081 ha) to 25% (1020 ha) of the total area investigated in Chapter 2. As 

a consequence of changes in agricultural policies, large areas of pasture were abandoned or 

converted into other land use, mostly forest plantation.  

Despite the reduction in total area, pastureland still represents an important component in 

the landscape. The type of fuel produced in pasturelands, combined with the absence of 
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trees to reduce wind speed, has the potential to sustain fires that tend to spread fast and 

burn large areas in short periods of time (Collins et al., 2015; Sullivan et al., 2012). 

Therefore, the establishment of fuel breaks and green firebreaks is a strategy to reduce fire 

spread in pasturelands. 

Another important aspect of fuel management in pastureland is associated with the 

intensity of grazing.  The abandonment of pastureland noted on the Port Hills has probably 

contributed to an increase in areas of low intensity grazing and ungrazed pasture, thereby 

influencing fire behaviour. Areas of lightly grazed grasslands present greater fuel loads, 

which increases flame height, flame depth and fire intensity (Sullivan et al., 2012). While 

intensively grazed pastureland can work as a barrier to fire spread, low intensity grazed 

areas have the potential to boost fire spread due to fuel accumulation (Archibald et al., 

2009). Consequently, large areas of low intensity grazing should be avoided at the landscape 

level.  

On the Port Hills, the encroachment of exotic shrubs, such as gorse and broom, over pasture 

is widespread. Spraying large areas invaded by these shrubs is a common management 

technique, which results in large amounts of highly flammable dead material and increases 

fire hazard potential. In fact, fire spread and intensity in pastureland can be exacerbated by 

sprayed stands of gorse and broom, as reported in the 2017 fire (Pearce, 2018; Pretorius et 

al., 2020). Therefore, in regions of higher fire risk, such as close to urban areas, the use of 

alternative techniques to control gorse invasion over pastureland should be tested and 

encouraged among landowners. Broadfield & McHenry (2019) present a review focused on 

management techniques used to control gorse around the world, and which provides useful 

insights for gorse management on the Port Hills.   

Native forest dominated by mixed angiosperms 

The area of native forests dominated by mixed angiosperm species doubled in the last four 

decades, increasing from 6% (252 ha) to 15% (572 ha) of the total area analysed in Chapter 

2. Due to the overall low flammability of this vegetation type, this increase will probably 

contribute to a reduction in the negative impacts of future wildfires. In fact, research on the 
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2017 wildfire suggests that the native forest facilitated fire suppression (Pearce, 2018; 

Pretorius et al., 2020). From a fire management perspective, patches of native forest in 

more advanced regeneration stages or regions of strategic biodiversity value should be 

protected from future wildfires by establishing firebreaks.  

Exotic shrublands and kānuka 

The total area covered by exotic shrublands, mainly Ulex europaues (gorse) and Cytisus 

scoparius (broom), represented a significant proportion of the area analysed in Chapter 2 

(34% in 1973 and 28% in 2016). The encroachment of these shrubs over pastureland is very 

common on the Port Hills landscape and they often produce dense stands. Gorse and broom 

stands are either supressed as part of pasture maintenance or abandoned. As comments on 

suppression of exotic shrublands are provided in the pasture section above, in this section, 

the fire management recommendations are focused on abandoned stands and stands 

protected to allow succession back into native forest. 

In some regions of the Port Hills, abandoned gorse and broom shrublands have the potential 

to regenerate into native forest, as demonstrated in Chapter 2 and also reported by 

Williams (1983). However, the time required for this successional process can vary 

considerably and will depend on climatic, edaphic and biotic factors (Williams, 2011; Wilson, 

1994). Given that these shrublands are highly flammable, especially the dense stands of 

gorse (Wyse, Perry & Curran, 2017), a longer successional process represents a greater fire 

hazard potential and an increased chance of underpinning a positive fire feedback loop 

(Perry et al., 2015) (Box 5.1) Apparently, fire occurrence and seed/seedling predation are 

the main factors slowing down or even arresting this succession process (Perry et al., 2015; 

Wilson, 1994). Therefore, establishing green firebreaks composed of native species on the 

perimeter and inside gorse and broom stands is recommended to reduce fire spread and 

increase the proximity and availability of native seeds and propagules. In addition, control of 

exotic mammals and other restoration actions, such as fencing and strategic planting of low 

flammable and fire resilient native species, are recommended aiming to catalyse succession 

towards low-flammable native forest. 
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Kānuka dominated communities represent only a small proportion (3%) of the area 

investigated in Chapter 2, and this proportion has remained virtually unchanged over the 

last decades. Despite this small proportion, given the ecological importance and the highly 

flammable nature of this species, kānuka patches should be buffered by low flammability 

green firebreaks or traditional firebreaks aiming to protect these patches from future 

wildfires. In addition, in regions of higher fire risk, canopy manipulation can be used as a 

tool to enhance forest succession and facilitate the establishment of less flammable species 

(Forbes et al., 2020; Tulod & Norton, 2020). 

In summary, due to the high flammability of the early successional stages of the forest, 

including both exotic and native-dominated, fuel management is recommended to reduce 

the probability of fire occurrence and to reduce the flammability of these communities.  

Furthermore, restoration actions are suggested in order to speed up the successional 

process (Figure 5.2). The combination of these management actions will contribute to 

reducing the negative impacts of future wildfires and will support the system to “escape” 

the flammable state before the next fire event.  

 

 

 

 

 

Figure 5.2: Diagram illustrating how fuel management and restoration actions can reduce flammability and 
speed up succession, contributing to reducing the impact of future wildfires and to the establishment of a less 
flammable and more advanced regenerating forest. 
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5.4 Conclusion 

A new approach to restoration planning, based on the resprouting capacity of species and 

focused on fire resilience, is proposed for regions increasingly susceptible to future wildfire 

events. This approach can be applied locally and regionally, such as in specific areas of the 

Port Hills landscape or more widely in other fire susceptible areas in New Zealand, as well as 

globally where fire-sensitive forests are currently under fire pressure or are expected to face 

an increase in fire events as a consequence of climate change. Underpinning this, research 

related to the resprouting capacity of New Zealand’s woody flora was reviewed and a list of 

species was assembled providing essential information for selecting species for restoration 

plantings that take into account fire-related traits. 

General recommendations for future restoration on the Port Hills region are suggested 

based on the potential of the forest to regenerate naturally, the resilience of the burnt 

forest and the performance of seedlings planted across the burnt landscape. Regarding the 

performance of seedlings, the analysis concentrated on their initial growth as, 

unfortunately, the survival data was biased due to the inferior quality of a batch of 

Pseudopanax arboreus seedlings. Another limitation is in regard to the monitoring period. 

Given that mortality is expected to occur at higher rates during the first two years after 

planting and to continue to occur throughout the third and fourth years (Anton, Hartley, & 

Wittmer, 2015), the 15-months’ monitoring period performed during this research was 

probably insufficient to provide a robust analysis of seedling survival. Therefore, future 

research should consider the quality of the seedlings and the monitoring period should be of 

at least two years duration. 

In addition to the recommendations on the restoration of the native forest, additional 

landscape management actions towards reducing the negative impacts of future wildfires 

are also recommended. The management actions are suggested based on the history of land 

cover changes over the last few decades and on specific literature focused on fuel 

management and fire ecology. In order to predict the practical effects of these 

recommendations, future research could incorporate the use of fire simulation models to 
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test fire behaviour in the current landscape and fire behaviour after applying the 

management actions suggested. 

In summary, based on a broad data set including information on the history of vegetation 

changes, post-fire resprouting capacity of the native forest and restoration techniques, this 

doctoral research provides strategic management recommendations focused on enhancing 

the restoration of the native forest and reducing the negative impacts of future wildfires on 

the Port Hills. Finally, the management actions proposed here will be more effective if 

implemented at the landscape level, integrating conservation areas with farmland and the 

wildland urban interface.  
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