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Executive summary 
The Waitākere Ranges Heritage Area Act 2008 recognises the ecological and cultural significance of 

the Waitākere Ranges which covers approximately 27,000 ha and contains one of the two largest 

blocks of continuous vegetation in the Auckland region (c. 21,000 ha). The Act requires Auckland 

Council to monitor and report on the state of the environment within the Heritage Area every five 

years. This technical report provides empirical analysis on land cover change, and plant and bird 

biodiversity collected from systematic long-term monitoring of permanent plots in the Heritage Area 

from 2009 to 2022.   

Analysis of land cover, forest canopy cover, and landslides highlight the continued dominance of 

indigenous vegetation, comprising 81 to 85 per cent (22,000 ha) of the Heritage Area. Forest and 

scrub/shrubland are the primary land cover classes, occupying 62 per cent and 22 per cent of the 

land area, respectively. At this broad scale, land cover classes have shown relative stability over a six-

year period (2012-2018). 

Landslide analysis (of aerial images from 2022) revealed a significant number of landslides (more 

than 150) in the Waitākere Ranges Regional Park, triggered by intense rainfall in August 2021. These 

mainly small (average of 0.1 ha) shallow slides and debris flows, have caused vegetation loss, 

affecting approximately 18 hectares of forest in total. The majority of impacted forest comprises 

mature kauri-podocarp-broadleaved forest. Satellite images taken after the 2023 Auckland 

Anniversary Weekend floods and Cyclone Gabrielle show even more extensive landslips throughout 

the forest but were outside the period of this reporting. They are being analysed for a separate 

technical report and highlight potential cumulative impacts with increasing rates of intense rainfall 

triggered multiple-occurrence landslide events in natural forests. Further research and monitoring 

are necessary to fully understand the causes, ecological processes, and biodiversity impacts of these 

landslides. 

Forest in the Heritage Area continues to recover from widespread earlier disturbance from logging, 

burning, gum digging and clearance for farming, most of which occurred prior to the 1940s. The most 

disturbed areas are now in regenerating forest types which make up 42 per cent of the forested area. 

Areas that were less disturbed or unlogged are classed as warm kauri-podocarp-broadleaved forest 

and make up 45 per cent of the forest area. Both warm kauri-podocarp-broadleaved forest and 

regenerating forest are highly diverse, dominated by indigenous plants and following expected 

successional pathways.  

The Heritage Area also supports a diverse range of bird species. The most commonly counted birds 

were indigenous species, with half of all the birds counted being of endemic New Zealand species. 

There were significantly fewer introduced species encountered within the Heritage Area compared to 

many other sites across the region, indicating how important the Waitākere habitat is for supporting 

indigenous biodiversity. Conspicuousness of indigenous species abundance has increased over the 

last ~10 years, including rises in the abundance of tauhou, riririro, pīwakawaka, and korimako. 
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The high ecological integrity of forest and high percentage of indigenous birds, with notable increases 

in some species, within the Heritage Area arises partly from the large, unfragmented and continuous 

characteristics of the forest, and from ongoing management to limit weed and pest pressures. There 

remain areas of concern, however, arising from the current and potential future impacts of pest 

animals, plant pathogens, weeds, and climate change. Recent extremes in drought and rainfall events 

generating wilting of some plant species and progressively weakening soils triggering widespread 

landslides show how rapidly climate change may impact forest processes and emphasise the need to 

continue working to protect and support the forest ecosystems to continue their own regeneration.  
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1 Introduction 
The Waitākere Ranges Heritage Area Act 2008 covers the area known as Te Wao Nui o 

Tiriwa/Waitākere Ranges and recognises its ecological and cultural significance. The Waitākere 

Ranges Heritage Area covers approximately 27,000 ha and contains one of the two largest blocks of 

continuous vegetation in the Auckland region (c. 21,000 ha). The Heritage Area includes all of the 

Waitākere Ecological District, and small parts of Tāmaki and Kaipara Ecological Districts. The 

vegetation within the Heritage Area is characterised by a diverse mix of different indigenous 

ecosystems, which collectively provide extensive habitat for a wide range of indigenous plants, birds, 

reptiles, and invertebrates. The Heritage Area is of particular significance due to the intact sequences 

of vegetation from the coast up to the summits of the inland hills, the wild nature of its coastal 

ecosystems, and distinctive associations of wetland and dune lake systems. Ecosystems within the 

Heritage Area are home to almost a quarter of New Zealand’s indigenous flowering plant species and 

three-quarters of all indigenous fern species.  

While the Waitākere Ranges represent an area of high ecological value as described above, the 

impacts of past and current pressures are visible with a history of disturbance and regeneration. 

Arrival of Māori, saw the start of land clearance through burning and from the 1840s, larger areas 

were cleared for extraction of timber, kauri-gum and farming. Humans brought not only harvesting 

and disturbance to the Heritage Area, but also hunting, pest animals, plant pathogens, exotic plants, 

and changing climate. More recently, two plant pathogens have been detected within the Heritage 

Area, Kauri dieback, caused by the pathogen Phytophthora agathicida, and Myrtle rust, caused by 

the fungal pathogen Austropuccinia psidii specific to Myrtaceae (Auckland Council 2020). 

Climate change is expected to increase the frequency and severity of drought and storm events in 

the Auckland region (Pearce et al 2018). There is little knowledge on how changes in climate will 

impact the ecological integrity of Auckland’s forests directly, but it is widely agreed that existing 

problems with invasive plants and pest animals will be exacerbated (Bishop and Landers 2019, 

Macinnis-Ng et al 2021).  

With regard to drought events, elevated stress from prolonged low soil moisture will impact 

indigenous forest flora and fauna. There are few predictive traits for drought-induced mortality; but 

small trees are considered more susceptible than larger trees, and forests on steeper ridges and 

slopes are more susceptible, which is where the least disturbed forest is more likely to be found 

(Russo et al 2010, O’Brien et al 2017). In the Auckland region, species such as taraire (Beilschmiedia 

taraire), kanono (Coprosma autumnalis) and māhoe (Melicytus ramiflorus) are considered 

particularly drought sensitive (Bannister 1986, Martin and Ogden 2005, Myers and Court 2013, Wyse 

et al 2013). Anecdotal evidence suggests taraire showed high dieback and mortality on Auckland’s 

east coast during the droughts of 2012-13 and 2020. 

Seedling recruitment of forest species can be particularly sensitive to drought. Within the Waitākere 

Ranges, seedlings categorised as drought sensitive include whauwhaupaku (Pseudopanax arboreas), 

karamū (Coprosma robusta), hangehange (Geniostoma ligustrifolium var ligustrifolium), māhoe, 
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mapou (Myrsine australis), kawakawa (Piper excelsum), pūriri (Vitex lucens), rewarewa (Knightia 

excelsa), and kōwhai (Sophora microphylla) (Seaward et al 2016). Tawa (Beilschmiedia tawa) seedling 

recruitment has also been identified as drought sensitive (Knowles and Beveridge 1982). Drought-

related impacts on seedling recruitment can result in failure or compositional changes in forest 

regeneration (Pozner et al 2022). 

Drought may also increase wildfire hazard in Auckland, especially in regenerating forests that contain 

more fire-prone species or are more prone to drying out due to more exposed structure and 

potentially change successional trajectories by favouring fire-adapted non-indigenous taxa (Atkinson 

2004, Perry et al 2015). 

Increasing frequency and severity of drought and high rainfall events causes shrinking and swelling in 

Auckland’s clay-rich soils leading to progressive weakening, and increased likelihood of landslides 

(Tichavský et al 2020, Brown et al 2003). Landslides are a natural disturbance process that can lead 

to compositional changes in the vegetation of our indigenous forests. However, landslides are 

increasing in frequency and scale in response to climate change in Auckland as evidenced by the 

number and coverage of landslides following extreme storm events in March 2017 (Lee 2020), August 

2021 (Section 2 this report) and January 2023 (under analysis) . While landslides may provide 

opportunities for natural forest regeneration processes, including the regeneration of some species, 

they also can destroy mature forest and provide opportunities for infestation by exotic plant species 

and weeds.  

1.1 This report 

The Waitākere Ranges Heritage Area Act 2008 requires Auckland Council to monitor and report on 

the state of the environment within the Heritage Area every five years. The third five-yearly report, 

the Waitākere Ranges Heritage Area five-year monitoring report 2023, covers the reporting period 

2017-2022. Previous technical reports to support the State of the Waitākere Ranges five-year 

monitoring report are Bishop et al (2013) for the period 2008-2013 and Landers et al (2018) for the 

period 2012-2017. 

The 2018 report covered a broad range of environmental and biodiversity indicators. In this round of 

reporting, many of those indicators and findings (including dunes, wetlands, water quality and 

aquatic biodiversity) have been reported directly into the wider State of the Waitākere Ranges report 

as they are already published and accessible either on websites or in reports. This technical report 

provides empirical analysis of new information included in the main State of the Waitākere Ranges 

report on land cover change and plant and bird biodiversity collected from systematic long-term 

monitoring of permanent plots in the Heritage Area.   
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2 Land cover 
2.1 Introduction 

Understanding the distribution and changes in land cover provides valuable insights into the state 

and health of ecosystems. In the context of the Waitākere Ranges Heritage Area, a region of 

significant ecological importance, measuring land cover distribution and change is of importance for 

sustainable land use planning, biodiversity conservation, and the overall preservation of this unique 

natural landscape. This area encompasses diverse ecosystems, ranging from indigenous forests and 

scrublands to rural and urbanised landscapes. The land cover composition and its spatial 

distribution within the Heritage Area have been influenced by a variety of factors, including historical 

land use practices, urbanisation, and natural processes.  

By analysing land cover data from different time periods, we can quantify rates of land cover change, 

and assess the impacts of human activities and natural disturbances. In addition, understanding of 

land cover distribution and change contribute to broader environmental assessments, such as 

monitoring the impacts of climate change, identifying areas at risk of erosion or landslides, and 

assessing the resilience of ecosystems to disturbances. 

This section aims to provide a detailed analysis of the land cover at different scales (with a focus on 

the vegetation cover) of the Waitākere Ranges Heritage Area, providing context for the plants and 

birds sections that follow.  

2.1.1  Landslides 
Auckland's weak, clay-rich soils are a result of the historical weathering of underlying weak rocks. 

Within the Waitākere Ranges, the dominant soil types are Waitākere clay soils found on elevated, 

rolling ridges and plateaus, and Huia stony clay soils on steep bluffy faces (Martindale et al 2018). 

These soils are associated with the Manukau Group andesite or andesitic breccia, which originated 

from sea-floor lava flows and lahars during the Miocene epoch, approximately eight to 25 million 

years ago. The Waitākere Ranges, once a volcanic edifice, have been uplifted from the sea, leaving 

behind only the eroded eastern flank. 

One important factor affecting the soil in Auckland is the seasonal variation in moisture content. The 

clay-rich soils in Auckland exhibit high "shrink and swell" properties (Brown et al 2003), which 

gradually weaken the soil over the course of years and decades. As a result, the soil becomes more 

susceptible to failure during periods of heavy rainfall. Furthermore, preceding dry spells can increase 

the predisposition of slopes to sliding, particularly in the case of clay-rich soils (Tichavský et al 2019). 

The frequency and severity of conditions that trigger landslides in the Waitākere Ranges have been 

increasing, as evidenced by the number of landslides and size of areas affected in recent years, 

particularly following weather events like the multiple landslide event triggered by the ‘Tasman 

Tempest’ storm in the Hunua Ranges in March 2017 (Lee 2020). Despite the high vegetation cover 

and dense canopy, these events highlight the vulnerability of slopes and shallow soils in the 

Waitākere Ranges, emphasising the need for a better understanding of the soil properties and their 
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relationship to landslide risk. This report makes a first examination of the potential scale of storm 

derived landslips in the Heritage Area and discusses potential implications. 

2.2 Methods, datasets, and analyses 

The distribution of vegetation cover in the Heritage Area and changes to it are described using 

various datasets. Each dataset varies in scale (spatial and temporal) and purpose and therefore 

provides different information about the vegetation in the Heritage Area and how it is changing. This 

includes:  

• The Current Ecosystem Extent data describes indigenous terrestrial and wetland ecosystems 

across Auckland through fine-scale surveys and analysis of aerial imagery. This provides 

detailed information on the distribution of ecosystem types but as it is not repeated regularly 

it cannot be used to measure change.  

• The New Zealand Land Cover Database (LCDB) provides information on vegetation cover 

through time using nationally consistent methods and categories. The mapping is based on 

satellite imagery and is useful for broad-scale change analysis.  

• Auckland Council also collects Light Detecting and Ranging (LiDAR)Light for elevation 

mapping, and this has been used for fine-scale analysis of vegetation canopy. Repeat surveys 

enable it to identify and measure change, however, LiDAR does not describe vegetation types 

and ecosystems. 

• Various high-resolution aerial and satellite imagery used for mapping landslide extents and 

validating the canopy cover losses. 

• To produce estimates for areas of interest, ancillary geographic boundaries were needed. This 

includes the WRHA boundary (accessed October 2022), Auckland Unitary Plan (AUP) base 

zone groups (accessed October 2022) and Significant Ecological Area (SEA) (accessed 

October 2022). 

2.2.1 Current Ecosystem Extent 
The Current Ecosystem Extent data describes the current distribution of indigenous terrestrial and 

wetland ecosystems across Auckland (Singers and Rogers 2014, Singers et al 2017). Knowledge of the 

current extent is based on ecological surveys of 2000 sites and previous surveys by Auckland 

Council, Department of Conservation, Crown Research Institutes, and university academics. 

Auckland Council continues to refine maps of current extent as new data becomes available. As such, 

these data cannot be used to measure change. Current ecosystem types do not include the built 

environment.  

Analysis of ecosystems is limited to indigenous ecosystem types and excludes exotic ecosystem 

types mapped in the Heritage Area. Current ecosystem data for the Heritage Area is described using 

area (ha) or as a percentage (%) of the total area of indigenous ecosystems.  
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2.2.2 Land cover state and change 
Land cover describes the extent of vegetation, built environments, water bodies, and bare natural 

surfaces across New Zealand. It is an important measure of environmental change and urban 

development and is used for policy, research, environmental reporting, and decision-making at 

national and regional level. 

Land cover for the Auckland region was measured using the New Zealand Land Cover Database 

(LCDB) (Landcare Research 2020). The LCDB is based on an analysis of satellite imagery and is 

funded by central government. The LCDB is suitable for analysis of gross changes in land cover at 5-

10-year time scales, and for spatial resolutions of around 1 ha or more. The latest version of the 

Database is version 5. This contains land cover data as of summer 2018/19 (nominally referred to as 

2018) and enables change assessment to be made across five timestamps between 1996 and 2018. 

These data represent the latest change information available in the LCDB and was not available for 

inclusion in the 2018 Heritage Area reporting. 

Analysis of land cover in the Heritage Area was summarised across the Land, Air, Water Aotearoa 

(LAWA) 12 medium-level classes and six broad-level classes. The LAWA classes were useful for 

summarising the LCDB due to the broad scale of the mapping. Where changes existed, lower order 

classes were used to provide detail. 

Current land cover data for the Heritage Area was described using area (ha) or as a percentage (%) of 

the total land area in the Heritage Area to indicate the relative dominance of each land class. Change 

over time was presented as both an area changes in hectares (ha) and as a proportional (%) change 

(the area change expressed as a proportion of the 1996 area) for each land cover class. The trend 

information showed the extent to which the land cover classes had either increased, decreased, or 

remained unchanged in an area over the monitoring period (i.e., 1996 to 2018). Trend data was 

presented for both broad and medium land cover classes. 

2.2.3 Canopy cover and losses 
We undertook canopy cover current state and change estimates across the Heritage Area drawing on 

aerial LiDAR survey data from two time periods.  

To examine current canopy cover LiDAR data from 2016-2017 (Table 1) was processed from raw 

LiDAR point clouds to a raster-based canopy height model (CHM) using methods described in 

Golubiewski et al (2021). To examine losses, LiDAR data from 2013 and 2016-2017 were processed 

using a modified CHM method. 

The key difference was that the former was classified into height classes and was limited to canopy 

three metres or greater in height, whereas the latter was not classified into height classes and 

included vegetation below three metres in height. 
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Table 1: LiDAR datasets and associated acquisition specifications. 

Imagery Source Data 

Type 

Date of 

capture 

Area Resolution / Horizontal Accuracy License 

Auckland Council 

Captured by NZ 

Aerial Mapping & 

Aerial Surveying 

Limited 

Vertical 

Aerial 

LiDAR 

17th July 

2013 – 23rd 

November 

2013 

Urban 

Auckland + 

Waitākere 

Ranges 

Data was collected at > 1.5 points/square 

metre point density.  

Vertical accuracy specification is +/-0.2m 

(95% CI) 

Horizontal accuracy specification is +/-

0.6m (95% CI) 

Open 

Auckland Council 

Captured by Aerial 

Surveys 

Vertical 

Aerial 

LiDAR 

16th August 

2016 – 9th 

August 

2018 

(mainland 

2016-2017) 

Auckland 

Region 

Data was collected at > 4 points/square 

metre point density.  

Vertical accuracy specification is +/- 0.1m 

(68% CI). 

Horizontal accuracy specification is +/- 

0.3m (68% CI). 

Open 

 

To identify losses, the two CHMs were subtracted from each other, yielding a difference model. This 

resulted in a detailed output sensitive to small differences in height. Quality control measures such 

as data filtering, outlier removal, and careful co-registration were used to minimise errors and 

improve overall accuracy.  

The difference model was filtered to only include height reductions five m or greater. This output was 

then converted from raster to polygon format to form contiguous patches of loss. Another filter was 

applied to only include loss patches (polygons) of 20 m2 or greater. The resultant layer was manually 

reviewed to identify false positive detections, resulting in 56 per cent of all polygons being removed.  

These false positive detections were the result of both systematic error and random error. 

Systematic errors resulted from vertical bias in the height models caused by differences in the 

positioning and orientation of the LiDAR sensors between the two datasets, leading to an overall shift 

in the elevation data. This type of error resulted in narrow segments on the edges of the crowns 

(possibly because of varying sensor viewing angles and lower point density of the 2013 dataset that 

was less sensitive to detecting crown edges and may have underestimated crown extent). Random 

errors, on the other hand, were unpredictable and vary from detection to detection. These errors 

were caused by factors such as complex terrain, noise in the data, atmospheric conditions, and 

variations in instrument performance. 

Analysis of the spatial distribution of current canopy cover (2016-2017) and the changes (losses) 

between 2013 and 2016-2017, was described by area (in hectares) for the total Waitākere Ranges 

Heritage Area, as well as the dominant AUP base zone groups and Significant Ecological Areas (SEAs) 

within the Heritage Area using the Spatial Analyst tools in ArcPro. 
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2.2.4 Landslide mapping 
A torrential downpour event across west Auckland on the night of 30th-31st August 2021 resulted in 

landslides, flooding and damage to homes and infrastructure. The rainfall was caused by a slow-

moving low-pressure system that combined with a ridge of high pressure near the South Island and 

led to an increased thermal gradient over the Auckland region with persistent rainfall across the 

Waitakere Ranges (National Institute of Water and Atmospheric Research 2022). Watercare rain 

gauges in catchments above the Waitākere and Huia dams recorded between 220 mm and 270 mm 

of rain in a 12-hour period on Monday and Tuesday. These catchments normally receive between 150 

mm and 170 mm of rain in the entire month of August. 

High-resolution aerial and satellite imagery was used to map landslides in the Waitākere Ranges 

Regional Park (Table 2). Google Earth Pro (Google n.d.) was used as a preliminary check to determine 

the timeframe and extent of landslides using the time slider tool. Locally sourced post-event high-

resolution imagery (2022) was then used to identify and map visible landslides and reference imagery 

(2017) was used to view the pre-event conditions. 

Table 2: Imagery datasets and associated acquisition specifications. 

Imagery Source Data Type Date of capture Area Resolution / 

Horizontal 

Accuracy 

License 

Auckland Council Vertical Aerial 

Imagery 

2017 (2016-2017 

summer) 

Urban Auckland + 

Waitākere Ranges 

0.075 m GSD @ 

0.015 m 90% CI 

Open 

Auckland Council Vertical Aerial 

Imagery 

January 2022 Rural Auckland incl. 

Waitākere Ranges 

0.075 m GSD @ 

0.015 m 95% CI 

Open 

Google Earth Satellite 

Imagery, RGB 

August 2021 – 

March 2022 

 Various Open 

 

Landslides in the Heritage Area were initially mapped using points placed at the top (point of highest 

elevation) of the landslide to record their location. The dataset contained extents of shallow 

landslide scars visible in the 2022 aerial imagery in the Waitākere ranges. Slips were mapped to 

include the area of bare soil and debris. Aerial imagery was visually assessed to identify landslides at 

approx. 1:5000 scale and mapped at approx. 1:2000 scale, therefore many small and narrow slips 

(<100m2 and/or 20m width) will not have been captured due to lack of visibility. As a result, the 

extent of slips will be underrepresented due to canopy overhang, and many small slips missed 

altogether due to no obvious canopy gaps forming. Ecosystem information used to describe the 

vegetation lost from landslide areas was extracted from the Current Ecosystem Extent data.  

2.3 Results and discussion 

2.3.1 Current ecosystems 
Since the 2018 report (Auckland Council 2018), there have been no significant updates to the 

ecosystem extent mapping and therefore the results remained unchanged. 
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Within the Heritage Area, 30 indigenous ecosystem types were present, covering approximately 

21,300 ha of indigenous habitat (approximately 81% of the total Heritage Area). This is one of the 

largest blocks of contiguous indigenous vegetation remaining in Auckland (Auckland Council 2015).  

Forest and scrub ecosystems were the most prevalent indigenous vegetation types, constituting 94 

per cent of the total area of indigenous ecosystems. The remaining 6 per cent consisted of non-forest 

indigenous vegetation, including wetlands, mangroves, and grass and sedge-covered dunes. 

The dominant forest type within the Heritage Area was kauri-podocarp-broadleaf forest, which 

contributed nearly 45 per cent of all indigenous ecosystems (Table 3, Fig. 1). This diverse forest type 

exhibits a variety of canopy and sub-canopy species, with kauri primarily found on ridge-crests and 

slopes, and broadleaved species more abundant in gullies. Podocarp species like rimu, tōtara, miro, 

kahikatea, and tānekaha are widespread. Other significant forest and scrub types included manuka-

kanuka scrub (17% of total), broad-leaved scrub and forest (13% of total), and kanuka scrub and 

forest (12% of total) (Table 3, Fig. 1). Collectively, these four dominant ecosystems accounted for over 

88 per cent of the indigenous ecosystems in the Heritage Area. Five additional indigenous 

ecosystems each covered one to 3 per cent of the total indigenous ecosystem area, encompassing 

less common forest types, as well as duneland and cliff ecosystems (Table 3, Fig. 1). The remaining 21 

ecosystem types comprised less than 1 per cent of the total area each and consisted of rare forest 

types and wetland ecosystems (Table 3, Fig. 1). 
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Table 3: Description and approximate area of indigenous ecosystem types (Singers er al 2017) in the 
Waitākere Ranges Heritage Area. These ecosystems are mapped in Figure 1. 

Ecosystem name (code) 

 Approx. total area 

(ha)  

Per cent of total 

indigenous 

ecosystem area 

Kauri, podocarp, broadleaved forest (WF11)               9,695  45.5% 

Mānuka, kānuka scrub (VS3)               3,639  17.1% 

Broadleaved scrub/forest (VS5)               2,861  13.4% 

Kānuka scrub/forest (VS2)               2,644  12.4% 

Tawa, kohekohe, rewarewa, hīnau podocarp forest (WF13)                    617  2.9% 

Coastal broadleaved forest (WF4)                    536  2.5% 

Spinifex, pīngao grassland/sedgeland (DN2)                    314  1.5% 

Dune plains (DN5)                    256  1.2% 

Kauri forest (WF10)                    207  1.0% 

Pōhutukawa treeland/flaxland/rockland (CL1)                    196  0.9% 

Raupō reedland (WL19)                       72  0.3% 

Mānuka dominated scrub (VS3.2)                       60  0.3% 

Taraire, tawa, podocarp forest (WF9)                       59  0.3% 

Treeland (TL)                       39  0.2% 

Machaerina sedgeland (WL11)                       32  0.2% 

Hebe, wharariki, flaxland/rockland (CL6)                       28  0.1% 

Planted vegetation (PL)                       19  0.1% 

Gumland (WL1)                       12  0.1% 

Coastal turf [Herbfield] (SA5)                          8   <0.1% 

Kahikatea, pukatea forest (WF8)                          5   <0.1% 

Fire induced gumland heath (WL1.2)                          2   <0.1% 

Mangrove forest and scrub (SA1.2)                          2   <0.1% 

Oioi restiad rushland/reedland (WL10)                          1   <0.1% 

Flaxland (WL18)                          1   <0.1% 

Dune slack [Herbfield] (DN5.2)                          <1   <0.1% 

Kahikatea forest (MF4)                          <1   <0.1% 

Mangrove forest scrub (SA1)                          <1  <0.1% 

Mānuka, tangle fern, scrub, fernland (WL12)                          <1  <0.1% 

Saltmarsh – Sea rush oioi (SA1.3)                          <1    <0.1% 

Coastal lakeshore turf [Herbfield] (WL15.1)                          <1  <0.1% 
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Figure 1: Vegetation map of current indigenous ecosystem extent distribution in the Heritage Area 
(excluding exotic ecosystem types), based on Singers et al (2017). 
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2.3.2 Land cover state (2018) and change (2012 to 2018) based on LCDB 
Over 85 per cent, or 22,000 hectares, of the land cover in the Heritage Area was indigenous 

vegetation (including indigenous forest, indigenous scrub/shrubland, and other herbaceous 

vegetation classes) as mapped in the LCDB in 2018. The remaining land cover was associated with 

rural production (12% of total) and urbanised areas (3% of total) (Figure 2). 

 

Figure 2: Land cover distribution in the Waitākere Ranges Heritage Area based on the LCDB (Landcare 
Research, 2020). Land cover is shown in the broad class level as used in the LAWA (Land Air Water 
Aotearoa, 2021) reporting. 

Using the broad land cover classes (Table 4), the land cover in the Heritage Area was dominated by 

forest (62% of land area), and scrub/shrubland (22% of land area). Grassland/other herbaceous 

vegetation, occupied 11 per cent of the Heritage Area land area. Urban/bare/lightly-vegetated 
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surfaces, which include urban areas, and cropland occupied four and 1 per cent of the Heritage Area, 

respectively.  

The medium land cover classes, provide a more detailed picture of the land cover in the area (Table 

4). In the Heritage Area, Indigenous Forest (60% of the land area) accounts for almost the entire area 

of forest, the remaining area is occupied by exotic forest (1% of the land area) (Table 4). Similarly, the 

area of scrub/shrubland cover in the Heritage Area is predominantly indigenous scrub/shrubland 

(22% of land area) (Table 4). Exotic grassland (10% of land area) accounts for most of the area of 

grassland/other herbaceous vegetation (Table 4). The area of urban/bare/lightly vegetated surfaces 

is almost entirely comprised of urban area (3% of the land area) (Table 4). 

Table 4: Land cover state in the Heritage Area (2018) based on LCDB (Landcare Research, 2020). Land 
cover is summarised using the LAWA Broad and Medium class levels. Area is expressed in hectares and 
as expressed as a proportion of the total Heritage Area. 

Land cover class, Broad and Medium  Area 

ha Per cent 

Cropland  223  1% 

 Cropping/horticulture  223  1% 

Forest  16,064  62% 

 Exotic Forest  296  1% 

 Indigenous forest  15,768  60% 

Grassland/other herbaceous vegetation  2,805  11% 

 Exotic grassland  2,534  10% 

 Other herbaceous vegetation  271 1% 

Scrub/shrubland  5,765  22% 

 Exotic scrub/shrubland  12  0% 

 Indigenous scrub/shrubland  5,753  22% 

Urban/bare/lightly-vegetated surfaces  1,027  4% 

 Artificial bare surfaces  19  0% 

 Natural bare/lightly-vegetated surfaces  332  1% 

 Urban area  676  3% 

Water bodies  213  1% 

 Water bodies  213 1% 

 

Areas of the dominant land cover classes in the Heritage Area have been relatively stable between 

2012 and 2018 (6 years) (Table 5). Using the broad land cover classes, changes comprised a total of 

less than one ha. This change was the result of a decrease in scrub/shrubland (0.61 ha) and cropland 
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(0.03 ha) and area accounted for in the increase in area of urban/bare/lightly-vegetated surface (0.64 

ha).  

There were slightly more changes in area of broad land cover types detected by the LCDB from 1996 

to 2018 (22 years) (Table 5). The greatest of these was an increase in cropland by 11.6 ha and an 

increase in water bodies of 5.9 ha. The distribution of other land cover types, however, has not 

changed by more than 2 per cent over this time period (Table 5)., 

 

Table 5: Land cover change in the Heritage Area between 2012 and 2018, and 1996 and 2018 based on 
LCDB (Landcare Research, 2020) using the LAWA broad class levels. Change is expressed as a 
proportion of the initial reference area. 

Broad land cover 2012 to 2018 
 

1996 to 2018 
 

ha Per cent ha Per cent 

Cropland -0.03  0% 11.6  5% 

Forest - 0% -24.9  0% 

Grassland/other herbaceous vegetation -    0% -14.3  -1% 

Scrub/shrubland -0.61 0% 2.5  0% 

Urban/bare/lightly-vegetated surfaces 0.64  0% 19.2  2% 

Water bodies - 0% 5.9 3% 
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2.3.3 Current canopy cover 2016-2017 

The most recent canopy cover estimate in the Heritage Area is 76 per cent (derived from 2016-2017 

LiDAR data) (Fig. 3).  

 

Figure 3: Current canopy distribution in the Heritage Area. Map shows the 2016-2017  Canopy Height 
Model derived from LiDAR. 

Canopy cover varies by the underlying Auckland Unitary Plan zoning across the Heritage Area. The 

dominant zones (>99% of total land area) in the Heritage Area are Public Open Space (68%), Rural 

(24%), Residential (4%) and General (3%) zones. All other zones only make up 0.4 per cent of the 

Heritage Area. The canopy cover across the zone groups ranges from 56 per cent in general zones 

(such as roads and water) to 84 per cent in Public Open Space (which includes the Waitākere Ranges 
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Regional Parks and various reserves), while Residential and Rural zones have 59 per cent and 69 per 

cent canopy cover respectively (Figure 4).  

 

Figure 4: Canopy cover 3 m in height or greater (2016-2017 ) by Auckland Unitary Plan (AUP) base zone 
groups in the Heritage Area. 

 

The estimated distribution of canopy height also varies among the zones (Figure 5). All zones follow 

the same general pattern, whereby the canopy surface is skewed toward the lower height classes (3 

m to 5 m and 5 m to 10 m) comprising 60 per cent of the canopy surface area; this tapers off towards 

the higher height classes (Figure 5). However, there are some height classes that diverge more than 

others. The greatest difference in proportions of the canopy among height classes is in the 5 to 10 m 

class. Public Open Space and General zones have higher proportions in the 5 m to 10 m, indicative of 

lower stature regenerating forest types common in the Heritage Area (see Section 3.2.1). It is 

important to note that the height distribution describes only the canopy surface area on a per-pixel 

basis; it does not describe the height classes of crowns or individual trees. While it does describe the 

height of the tree canopy overall (akin to a blanket that would lie across the top surface of all the 

trees), it is not an accurate substitute for forest structure or height class distribution, as high height 

classes are underestimated (i.e., tall trees have area present in the lower height classes in addition to 

their maxima) and low height classes are overestimated (i.e., some of the area present in lower height 

classes actually belongs to tall trees).  
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Figure 5: Canopy area height distribution (2016-2017 ) by Auckland Unitary Plan (AUP) base zone 
groups in the Heritage Area. 

 

2.3.4 Canopy losses 2013 to 2016-2017 

Comparison of the CHMs developed for 2013 and 2016-2017  detected thousands of small canopy loss 

events across the Heritage Area (Figure 6). This totalled 50 hectares of canopy loss (with no 

vegetation 3 m or over remaining), equivalent to 0.2 per cent of the total land area in the Heritage 

Area reducing in canopy cover. 
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Figure 6: Spatial distribution of canopy losses between 2013 and 2016-2017 in the Heritage Area. 

As with canopy cover and height class distributions, canopy loss (with no vegetation 3 m or over 

remaining) varies across the Heritage Area by zone (Figure 7). Despite making up a quarter of the 

total land area in the Heritage Area, a large share of the total losses was identified in Rural zones (31 

ha) (Figure 7). The remaining losses were found in Residential (9 ha), Public Open Space (8 ha), and 

General zones (2 ha). As a proportion of the total land area in each zone Residential zones 

experienced the most significant loss (0.8%), followed by Rural (0.5%), General (0.3%) and Public 

Open Space (0.05%) (Figure 7). 
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Figure 7: Canopy loss between 2013 and 2016-2017 measured in hectares across the dominant Auckland 
Unitary Plan (AUP) zone groups in the Heritage Area. 

The AUP Significant Ecological Overlay is designed to protect ecological areas through requirement 

of resource consent to permit vegetation clearance. Most of the regional parkland (designated as 

public open space) in the Heritage Area is under SEA protection and therefore it is no surprise that 

most losses (96%) here are in SEAs (Figure 8).  

Typical examples of canopy loss in residential zones were deliberate vegetation clearance associated 

with developments and property maintenance (landscaping, powerline maintenance, etc), whereas 

losses in rural zones were associated with harvesting plantation forests, removal of dead or dying 

trees, removal of shelter belts, and various other maintenance activities. It is not known if the losses 

are more prevalent in indigenous or exotic vegetation for each zone.  

However, comparison of losses with aerial imagery indicated that canopy loss in the Heritage Area 

(particularly the public open space) was not solely a result of human activities and land use changes. 

Natural succession and competition, disturbances, senescence (aging), and disease also contributed 

to the loss of canopy cover. Further research is needed to quantify and understand the causes and 

legality of losses. 
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Figure 8: Proportion of complete canopy loss (understory 3 m or over remains) inside and outside 
Auckland Unitary Plan Significant Ecological Areas (AUP SEAs) inside the Heritage Area. 

 

2.3.5 Landslides 
We identified a substantial number of landslides (exceeding 150) across the Waitākere Ranges 

Heritage Area triggered by the August 2021 rainfall event. The average area of these landslides 

(mapped from 2022 aerial imagery) was 0.1 ha and the largest measured 1.8 ha. Most landslides were 

small shallow slides and flows in dense indigenous forests. The landslides were not evenly 

distributed across the study area, with the majority located in the south-facing catchments, around 

the Upper Huia and Upper Nihotupu Reservoirs (Figure 9). A preliminary assessment of the Auckland 

Council aerial image catalogue dating back to the early 2000s showed no evidence of other multiple-

occurrence shallow landslide events prior to 2021, which had been uncommon until recently.  

Although further research and monitoring will be necessary to discern the causes and overall impacts 

on biodiversity of these landslides, it is apparent that a significant amount of vegetation loss has 

occurred, with approximately 18 ha of forest being affected, predominantly consisting of mature 

kauri-podocarp-broadleaved forest (75%).  
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Figure 9: Map showing the distribution of landslides triggered by rainfall in August 2021 in the Heritage 
Area. 
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3 Plants 
3.1 Introduction 

3.1.1 Heritage Area history and pressures 

Prior to human arrival the Heritage Area was covered in forest, dominated by kauri (Agathis 

australis), podocarp, and broadleaved canopy species. In addition, pōhutukawa (Metrosideros 

excelsa) were common in coastal areas, emergent northern rātā (Metrosideros robusta) frequent in 

kauri forest and kahikatea (Dacrycarpus dacrydioides) clustered in wetter areas (Esler 1983). Forests 

of the Heritage Area probably formed a shifting mosaic of patches resulting from asynchronous but 

regular disturbance events (Coomes and Allen 2007) over timescales of hundreds to thousands of 

years.  

The recent history of the Heritage Area is one of disturbance and regeneration. With the arrival of 

Māori, forest along the west and south coast of the Heritage Area was repeatedly burnt up to one 

kilometre inland (Esler 1983). From the 1840s, colonising pākeha used the Heritage Area for 

extraction of timber and kauri-gum and cleared and burnt forest for farming. These anthropogenic 

activities produced a mosaic of unlogged, selectively logged, burnt, and cleared patches across the 

Heritage Area (Esler and Astridge 1974, Esler 1983). There are no data quantifying areas of land 

converted to pasture or subjected to different levels of logging, burning, or clearing from that time. 

Aerial imagery from the 1940s shows numerous large patches of pasture and thinned forest. 

Gradually, and especially since the 1940s when farming was largely abandoned, logging stopped and 

increasing areas of the Heritage Area protected, allowing widespread forest regeneration (Denyer et 

al 1993).  

Humans brought not only harvesting and disturbance to the Heritage Area, but also hunting, pest 

animals, plant pathogens, exotic plants, and changing climate (Denyer et al 1993, National Institute of 

Water and Atmospheric Research 2017). Consequently, forest regeneration has occurred in an altered 

environment; one in which the dispersal of seeds of many broadleaved canopy and emergent conifers 

is more limited because of reductions in the populations of their bird dispersers, where pest animals 

consume seeds, seedlings, flowers, buds, leaves, stems and new growth of palatable plant species, 

where plant pathogens causing kauri dieback and myrtle rust threaten some of the most iconic and 

abundant tree species, where indigenous plant species must compete with exotic species, and where 

weather patterns have been shifting towards more droughts and more intense rainfall events. Given 

the scale of anthropogenic influence, it is not clear that forest regeneration can follow the expected 

successional pathways of forest types previously dominant in the Heritage Area (Wyse et al 2018). 

Arrested successional pathways are frequently attributed to the absence of seed sources of fleshy-

fruited broadleaved canopy and conifer species, absence or low frequency of bird mediated seed-

dispersal and/or the consumption of palatable seedlings by introduced mammalian herbivores. 

Analysis of forest plots in Te Urewera (250km south-east of the Heritage Area) concluded that 

successional processes were arrested in fire-induced communities dominated by kānuka (Kunzea 
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species), treeferns, rewarewa (Knightia excelsa) and kāmahi (Weinmannia racemosa) which all 

showed minimal compositional change over 30 years, especially of canopy species (Payton et al 1984, 

Richardson et al 2014). This arrested succession was attributed to deer grazing on palatable 

broadleaved canopy species.  

Deer and goats are absent from the Heritage Area but brushtail possum (Trichosurus vulpecula), feral 

pig (Sus scrofa), ship rat (Rattus rattus) and Norway rat (Rattus norvegicus) are present, and all 

consume plants to varying degrees (Fitzgerald 1976, Thomson and Challies 1988, Daniel 1973, 

Sweetapple and Nugent 2007). By the 1990s, populations of possum were high enough to have 

caused significant damage to canopy and seedling populations of northern rātā and other species in 

the Heritage Area (Denyer et al 1993, Buddenhagen et al 1995). Since then, multiple operations, but 

notably Operation Forest Save, have annually suppressed possum numbers to between 0.6 and 6.6 

per cent residual trap catch (the number of possums caught per 100 trap nights, Lovegrove and 

Parker in review). For feral pigs in podocarp-tawa forest in Te Urewera, plant material composed 72 

per cent of their diet, with the fleshy fruits of tawa and hīnau (Elaeocarpus dentatus) forming a large 

component of their diet (Thomson and Challies 1988). Plant matter, including seeds, fruit and leaves, 

form more than 70 per cent of ship rat diet, with seeds of nīkau (Rhopalostylis sapida), hīnau and 

miro (Podocarpus ferrugineus) commonly consumed (Daniel 1973, Sweetapple and Nugent 2007).  

Within the Heritage Area are two plant pathogens with the potential to disrupt forest composition, 

structure and ecosystem function (Jo et al 2022). Kauri dieback, caused by the pathogen 

Phytophthora agathicida, is a lethal soil-borne root rot disease of kauri (Agathis australis). Kauri 

dieback was first detected in the Heritage Area in 2006 and as of 2021, P. agathicida is distributed 

around the periphery of the Waitakere Ranges, with two areas of elevated detection in the north and 

mid-west of the Heritage Area (Froud et al 2022). Myrtle rust, caused by the fungal pathogen 

Austropuccinia psidii specific to Myrtaceae, arrived in New Zealand in 2017 and has so far infected 17 

native myrtaceous species and killed adult trees of one species (Manaaki Whenua Landcare Research 

2020). 

Climate change is expected to elevate temperatures and increase the frequency and severity of 

drought and storm events in the Auckland region (National Institute of Water and Atmospheric 

Research 2017). There is little knowledge on how changes in climate will impact the ecological 

integrity of Auckland’s forests directly, but it is widely agreed that existing problems with invasive 

plants and pest animals will be exacerbated (Bishop and Landers 2019, Macinnis-Ng et al 2021). With 

regard to drought events, elevated stress from prolonged low soil moisture will impact indigenous 

forest flora and fauna. There are few predictive traits for drought-induced mortality; but small trees 

are considered more susceptible than larger trees, and forests on steeper ridges and slopes are more 

susceptible, which is where the least disturbed forest is more likely to be found (Russo et al 2010, 

O’Brien et al 2017). In the Auckland region, species such as taraire (Beilschmiedia taraire), kanono 

(Coprosma autumnalis) and māhoe (Melicytus ramiflorus) are considered particularly drought 

sensitive (Bannister 1986, Martin and Ogden 2005, Myers and Court 2013, Wyse et al 2013). Anecdotal 

evidence suggests taraire showed high dieback and mortality on Auckland’s east coast during the 

droughts of 2012-13 and 2020. Seedling recruitment of forest species can be particularly sensitive to 

drought resulting in failure or compositional changes in forest regeneration (Pozner et al 2022). 
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Droughts also may increase wildfire hazard (Pearce 2011), especially in regenerating forests that 

contain more fire-prone species, maybe dry out more due to physical exposure of structure, and 

potentially change successional trajectories by favouring fire-adapted non-indigenous taxa (Perry et 

al 2015, Kitzberger et al 2016).  

Increasing frequency and severity of drought and high rainfall events may cause shrinking and 

swelling in Auckland’s clay-rich soils leading to progressive weakening, and increased likelihood of 

landslides (Tichavský et al 2019, Brown et al 2003). Landslides are a natural disturbance process that 

can lead to compositional changes in the vegetation of our indigenous forests. However, landslides 

are increasing in frequency and scale in response to climate change as evidenced by the number and 

coverage of landslides following extreme storm events in March 2017 (Lee 2020), September 2020 

(Section 2) and January 2023 (under analysis). While landslides may provide opportunities for 

natural forest regeneration processes, including the regeneration of other species, they also can 

destroy mature forest and provide opportunities for infestation by exotic plant species and weeds. 

 

3.1.2 Forest composition and successional dynamics 

Following disturbance, regenerating forest typical of the Heritage Area goes through several 

developmental stages (Wyse et al 2018). Early successional stages are defined by seedling 

recruitment, followed by a building phase characterised by a high density of small tree stems. Once 

the sub-canopy closes, mid-successional stages are defined by a period of intense competition for 

light during which there is high mortality (competitive thinning) of smaller tree stems. This maturing 

forest supports a stand basal area (the summed cross-sectional area of trees at 1.35m height per unit 

forest area) that remains stable (Weiner and Freckleton 2010). With increasing tree growth, this 

constant stand basal area leads to self-thinning. In late-successional stages, mature forest is 

characterised by high structural complexity with understorey, sub-canopy, canopy, and emergent 

trees. Emergent trees are typically kauri or podocarp conifers and the hemi-epiphytic northern rātā. 

Once forest stands mature, senescence leads to canopy thinning, providing light for seedlings and 

saplings to establish. Age estimates from broadleaved-podocarp forest in Mamaku Plateau, Waikato, 

give 80-100 years to reach canopy closure, an average broadleaved canopy turnover time of 200-270 

years, while cohorts of conifers are recruited, mature and senesce over longer time frames of > 400 

years (Smale et al 1997). 

In the Heritage Area, logging, clearance of the original forest for pasture and repeated burning 

created eroded soils that were typically colonised by light-demanding, wind-dispersed species such 

as bracken, mānuka (Leptospermum scoparium) and kānuka (Kunzea robusta) or in coastal areas 

pōhutukawa. Mānuka is more salt-tolerant and grows well in coastal areas but has a shorter stature 

than kānuka and will eventually be shaded out in areas where kānuka grows well (Stephens et al 

2005). Pōhutukawa dominated communities can persist for several centuries, while kānuka/mānuka 

dominated communities can progress to more diverse later successional stages over a shorter time 

period so long as seed is available and herbivore and weed pressures are low (Atkinson et al 2004).   
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Following the establishment of these early pioneer species, succession proceeds with the arrival and 

establishment of bird-dispersed secondary migrants including mapou (Myrsine australis), mahoe 

(Melicytus ramiflorus), kohekohe (Didymocheton spectabilis), karaka (Corynocarpus laevigatus), 

pūriri (Vitex lucens), whauwhaupaku (Pseudopanax arboreus, tānekaha (Phyllocladus 

trichomanoides) and porokaiwhiri (Hedycarya arborea, Atkinson et al 2004). Also common are the 

wind-dispersed rangiora (Brachyglottis repanda), akepiro (Olearia furfuracea) and rewarewa 

(Knightia excelsa). Later successional stages are indicated by the arrival of broadleaved canopy 

species such as tawa and taraire (Beilschmiedia tarairi) with their large bird-dispersed seeds. 

Kauri and podocarp species often form similar aged cohorts following landscape-scale disturbance 

(Wyse et al 2018). In the absence of landscape-scale disturbance, more light-demanding species of 

conifers such as kauri and rimu (Dacrydium cupressinum) will enter the successional pathway by 

colonising areas after minor disturbances such as landslides or treefalls (Adams & Norton 1991). In 

the absence of disturbance there may be a compositional shift towards more shade-tolerant conifers 

such as miro (Prumnopitys ferruginea). Drier sites will favour the light-demanding and drought-

tolerant tōtara while moister sites will favour kahikatea (Dacrydium dacrydioides). Although light-

demanding podocarps and kauri follow similar successional pathways, their communities often differ 

driven by the ecosystem engineering effects of kauri. The acidic and nutrient poor soils under kauri 

favour more stress-tolerant species, including their own seedlings, to create a compositionally and 

structurally distinct plant community compared to podocarp conifer forest (Wyse 2012, Wyse and 

Burns 2013, Wyse et al 2018). Tree-ferns (mostly ponga, Cyathea dealbata), mamaku (Cyathea 

medullaris) and Dicksonia squarrosa in the Heritage Area can be common throughout all 

successional stages but are more likely to dominate the basal area in younger forest (Smale et al 

1997, Brock et al 2017).  

Using the classifications of Singers et al (2017), Warm Forest (WF) comprises 52 per cent of 

indigenous vegetation in the Heritage Area (Table 3). This is composed predominately of Kauri, 

podocarp, broadleaved forest (WF11), Tawa, kohekohe, rewarewa, hīnau, podocarp forest (WF13) and 

Kauri forest (WF10). There is also some Pōhutukawa, pūriri, broadleaved forest (WF4) on the coastal 

fringe. Regenerating forest (VS) comprises 42 per cent of indigenous vegetation in the Heritage Area, 

composed predominately of Kānuka scrub/forest (VS2), Mānuka/kānuka scrub (VS3) and 

Broadleaved species scrub/forest (VS5). Warm forest (kauri-podocarp-broadleaved forest) broadly 

occurs where forest was less intensively logged, and in a few places, unlogged (Esler 1983, Denyer et 

al 1993). Regenerating forest broadly occurs where forest was cleared for pasture, burnt or 

intensively logged with removal of large trees (including kauri, kahikatea, rimu, pūriri, miro, totara and 

matai, Denyer et al 1993).  

3.1.3 This study 

Here we report on the ecological integrity of forest in the Heritage Area using 14 years of data (2009-

2022) from Auckland Council’s Terrestrial Biodiversity Monitoring Programme (TBMP) forest plot 

network. Ecosystems have ecological integrity when all the indigenous plants and animals typical of a 

region are present, together with the key major ecosystem processes (Lee et al 2005, McGlone et al 

2020). We describe the ecological integrity by examining the state and trends in plant species 
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composition and structure from 26 permanent forest plots in the Heritage Area in the context of 

forest successional dynamics and novel pressures. We examine whether forest is regenerating 

following expected successional pathways, the presence of Threatened and At Risk plant species, 

whether we can detect changes in the abundance of those plants vulnerable to pressures including 

herbivory, plant pathogens and/or climate change, and the relative abundance of indigenous to 

exotic species.  

3.2 Methods 

3.2.1 Forest plot network and protocol 

The Terrestrial Biodiversity Monitoring Programme (TBMP) established a network of permanent 20 m 

x 20 m plots across Tāmaki Makaurau to monitor forest biodiversity using a systematic sampling 

approach and national protocols (Griffiths et al 2021). Plots were established in alternate 4 km grid 

squares to measure the state and trends in forest ecological integrity regionally (Tier 1 Regional), in 

areas of high conservation value (Tier 2, e.g., Waitākere Ranges), and in areas of high conservation 

intervention (Tier 3, e.g., Ark in the Park). The majority of plots were established between 2009 and 

2013 and they were measured every five years, with rotation 1 in 2009-2013, rotation 2 in 2014-2018, 

and rotation 3 in 2019-2022. Plot visits took place between October to December annually. At each 

permanent plot, data collection follows the national 20 m x 20 m permanent plot protocol (Hurst et 

al 2022) with some adaptations (Griffiths et al 2021). Using the national method ensures our forest 

monitoring follows best practice and is comparable with forest data across New Zealand. For each 

plot rotation, abundance data was collected for woody species in three size-classes: trees (>1.35m 

height and >2.5cm diameter at 1.35m height or DBH), saplings (>1.35m height and <2.5cm DBH) and 

seedlings (<1.35m height and <2.5cm DBH). The presence of all other species >15 cm tall was 

recorded. The aim of the protocol was to capture as complete a snapshot of the forest composition 

and structure as is feasible, given limited resources.  

There were 26 TBMP plots located within the Heritage Area boundaries with three complete rotations 

taken between 2009 and 2022 (Figure 10). Of the 26 plots, 17 were located in forest mapped as warm 

forest types (WF) that experienced little past disturbance, nine were located in forest mapped as 

regenerating forest types (VS) that experienced disturbance including logging, burning and clearance 

(Table 6). To examine the current state of forest composition and structure, the latest rotations 

(2019-2022) were compared between warm (WF) and regenerating (VS) forest types (Table 7). We 

were unable to examine individual forest types (e.g., WF4, WF10, WF11, etc) due to insufficient plot 

numbers. To examine trends in forest composition and structure, data from all plots was compared 

between the first (2009-2013), second (2014-2018) and third (2019-2022) rotations. We also 

compared the latest TBMP plot data (2019-2022) between the Heritage Area and regional forest 

plots; for this we used data from 25 Heritage Area plots and 58 regional plots (for this comparison it 

was necessary to exclude Tier 1 plots from the Heritage Area sample as these are part of the regional 

forest network, but we were able to include Heritage Area plots that were only sampled in the third 

rotation (2019-2022)). 
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Table 6: Number of TBMP plots in each warm (WF) and regenerating (VS) forest type mapped according 
to Singers et al 2017.  

Forest type Forest ecosystem Code 
Number of 

TBMP 
plots 

Warm forest                                           
(WF) 

Pōhutukawa, pūriri, broadleaved forest (Coastal 
forest) 

WF4 1 

Kauri forest WF10 0 

Kauri, podocarp, broadleaved forest WF11 15 

Tawa, kohekohe, rewarewa, hīnau, podocarp forest WF13 1 

Regenerating 
forest        
(VS)                                  

Kānuka scrub/forest VS2 2 

Mānuka, kānuka scrub VS3 4 

Broadleaved species scrub/forest VS5 3 

 

Table 7: Numbers of TBMP plots used for analyses of state and trends in the Heritage Area and 
comparison with regional forests. 

Analysis Location Rotation 
Number of plots 

Tier 1 Tier 2 Tier 3 Total 

State WRHA 3 5 17 4 26 

Trends WRHA 1, 2, 3 5 17 4 26 

WRHA vs 
Regional 

WRHA 3 0 21 4 25 

Regional 3 58 0 0 58 
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Figure 10: Map of the TBMP forest monitoring plots within the Heritage Area. 

 

3.2.2 Analyses 

For the 26 TBMP plots in the Heritage Area, state and trends in forest composition and structure 

were examined in the context of forest succession using measures of woody species abundance 

(basal area and density) structured by size-class and tree-type (Schlesselmann et al 2022).  

The woody species data collected in three size-classes (trees, saplings and seedlings) was used to 

calculate four abundance metrics: 

1. Basal area or the summed cross-sectional area of trees at 1.35m height (m2ha-1) 
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2. Density of tree stems (ha-1) 

3. Density of sapling stems (ha-1) 

4. Density of seedling stems (ha-1) 

Stand basal area (ha-1) was calculated for all woody species in a plot. This is a key structural 

parameter of forests. Stand basal area typically increases during the building phase of forest 

regeneration after which it remains relatively stable (Weiner and Freckleton 2010). As trees continue 

to grow in maturing forest, this constant stand basal area leads to self-thinning. Basal area was also 

calculated for each tree type, where woody species were categorised according to their habit and 

form within a mature forest (Appendix): 

1. Conifer – Gymnosperm trees that do not have flowers. Most conifers reproduce using woody 

cones, but in the podocarp family (e.g., rimu, kahikatea, miro) the seeds are surrounded by fleshy 

tissue, and they are dispersed by birds. Many conifers will become emergent trees above the 

canopy in mature forest. 

2. Canopy broadleaf – Angiosperm trees that produce flowers and seeds, many are fleshy-fruited 

and are dispersed by birds. They have high stature, and many will form the canopy in mature 

forest. 

3. Sub-canopy broadleaf – Angiosperm trees that produce flowers and seeds and have medium 

stature, often forming a sub-canopy in early forest succession. 

4. Shrub – Woody species with low stature, often growing below the level of the sub-canopy. 

5. Monocot tree – Predominately nīkau and some cabbage tree species such as tī kouka 

6. Tree fern – Tree-like ferns with a trunk, elevating fronds above the ground.  

Densities (ha-1) for each size-class (trees, saplings, seedlings) were also calculated for all woody 

species and for each tree type.  

Non-metric multidimensional scaling (NMDS) using the metaMDS function in the package vegan 

(Oksanen et al 2022) was used to describe the relationship between plots in ordination space using 

tree species basal area per plot. Default settings were used and stress levels <0.2 (suitable for small 

data sets, Dexter et al 2018). Procrustes analyses were performed to examine the rotation required to 

map NMDS ordinations from the first (2009-2013) and third (2019-2022) plot rotations (Peres-Neto 

and Jackson 2001). Procrustes residuals were used to identify plots with greater than expected 

change in composition.  

To calculate species richness, we included all species recorded inside the plot including trees, 

saplings, woody seedlings, non-woody seedlings, vines, climbers and any additional species. Species 

richness and turnover are calculated assuming an additive relationship between mean species 

richness (alpha, a), turnover or heterogeneity between plots (beta, b) and overall species richness 

(gamma, g, Lande 1996). Measures of percentage canopy cover were estimated on each plot rotation.  

Using data from the latest rotation (2019-2022) of the 26 plots, we list species that are classified as 

Threatened, At Risk or Data Deficient in the National and Regional Threat Classification for plants (de 

Lange et al 2018, Simpkins et al 2022). Threat classifications are based on a range of criteria but 

generally, threatened species will have a small population size, occupy a small area or have a high 
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predicted risk of decline (Townsend et al 2008). Species classified as At Risk will be declining, scarce, 

recovering from a previous Threatened status or survive only in relictual populations (Townsend et al 

2008). For woody species only, we calculate the percentage basal area and tree numbers of 

Threatened, At Risk and Data Deficient species relative to Not Threatened species per plot. 

We used the relative abundances of sensitive species to assess whether the impact of pressures can 

be detected in the forest composition and structure. Plant species disproportionately sensitive to 

kauri dieback, herbivory by feral pigs, possum, ship rat and Norway rat, and climate change (drought 

and temperature change) were identified from the literature (Table 8). The abundance of sensitive 

species was calculated relative to more resilient species (Bellingham et al 2016) for four abundance 

metrics across three size-classes (basal area, tree, sapling and seedling densities). Generally, a 

community-wide approach is advocated, with indicator statistics reported by aggregating species in 

sensitive and resilient functional groups (MacLeod et al 2016). The condition of the single species 

northern rātā has also been used and recommended as an indicator of possum control due to the 

high preference of possum for this species (Crisp 2001).  

The use of functional plant groupings to assess pressures does not demonstrate causal effects. Plant 

species vary in their abundance and distribution patterns while pest animals vary regionally in their 

plant species preferences (Allen et al 2002). Furthermore, consumption of fruits and seeds of 

palatable plants may result in seed dispersal, and even favour regeneration processes in palatable 

species. Functional group data are indicative only and no substitute for more rigorous and targeted 

investigation.   
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Table 8: Plant species cited in the literature as sensitive to different pressures: kauri dieback, 
herbivory to feral pigs, possums and rats, and climate change (drought and temperature change) 

Pressures Plant species   Reference 

Kauri dieback Agathis australis Kauri Froud et al 2022 

Feral pig Prumnopitys taxifolia Mataī O'Connor & Kelly 2012 

Feral pig / Possum / 
Rat / Climate 

Beilschmiedia tawa Tawa 
Thomson & Challies 1988 / DOC 2014 / Innes 1977 
/ Clendon et al 2023 

Feral pig / Possum / 
Rat 

Elaeocarpus dentatus var 
dentatus 

Hīnau 
Sweetapple and Nugent 2007; Daniel 1973 / 
Fitzgerald 1976 / Thomson & Challies 1988 

Possum Cyathea medullaris Mamaku DOC 2014 

Possum Didymocheton spectabilis Kohekohe DOC 2014; Denyer et al 1993 

Possum Metrosideros excelsa Pōhutukawa DOC 2014; Denyer et al 1993 

Possum Metrosideros robusta Northern rātā DOC 2014; Crisp 2001; Denyer et al 1993 

Possum Podocarpus laetus 
Tōtara-kiri-
kotukutuku 

DOC 2014; Denyer et al 1993 

Possum Podocarpus totara var totara Tōtara DOC 2014 

Possum Pseudopanax crassifolius Horoeka DOC 2014 

Possum Raukaua edgerleyi Raukawa DOC 2014 

Possum / Climate Pseudopanax arboreus Whauwhaupaku DOC 2014 / Seward et al 2016 

Possum / Rat Alectryon excelsus Tītoki DOC 2014 / Innes 1977 

Possum / Rat Myrsine salicina Toro DOC 2014 / Sweetapple and Nugent 2007 

Possum / Rat Schefflera digitata Patē 
DOC 2014 / Sweetapple and Nugent 2007; Daniel 
1973 

Possum / Rat / Climate Melicytus ramiflorus Māhoe 
DOC 2014 / Innes 1977; Daniel 1973 / Seward et al 
2016; Wyse et al 2013; Bannister 1986 

Rat Aristotelia serrata Makomako Sweetapple and Nugent 2007 

Rat Coprosma lucida Shining karamū Innes 1977; Daniel 1973 

Rat Corynocarpus laevigatus Karaka Innes 1977; Daniel 1973 

Rat Dacryidium cupressinum Rimu  Sweetapple and Nugent 2007; Daniel 1973 

Rat Freycinetia banksii Kiekie Innes 1977 

Rat Hedycarya arborea Porokaiwhiri Innes 1977; Daniel 1973 

Rat Macropiper excelsum Kawakawa Innes 1977; Daniel 1973 

Rat Pectinopitys ferruginea Miro Sweetapple and Nugent 2007; Daniel 1973 

Rat Pittosporum crassifolium Karo Moors 1985 

Rat Podocarpus dacrydioides Kahikatea Daniel 1973 

Rat Pseudowintera axillaris Horopito Daniel 1973 

Rat Rhopalostylis sapida Nīkau 
Sweetapple and Nugent 2007; Innes 1977; Daniel 
1973 

Rat / Climate Coprosma robusta Karamū Daniel 1973 / Seward et al 2016; Bannister 1986 

Rat / Climate Vitex lucens Pūriri Innes 1977 / Seward et al 2016 

Climate Beilschmiedia tarairi Taraire Seward et al 2016; Myers & Court 2013 

Climate Coprosma autumnalis Kanono 
Wyse et al 2013; Martin & Ogden 2005; Bannister 
1986 

Climate 
Geniostoma ligustrifolium var 
ligustrifolium 

Hangehange Seward et al 2016 

Climate Knightia excelsa Rewarewa Seward et al 2016 

Climate Myrsine australis Red mapou Seward et al 2016 

Climate Piper excelsum Kawakawa Seward et al 2016 

Climate Sophora microphylla Kōwhai Seward et al 2016 
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Mean annual indices of the NZ Drought index (NZDI) and Soil Moisture Deficit Anomaly (SMDA) for 

the Auckland region were compared against seedling densities. NZDI is a climate-based indicator of 

drought based on four drought indicators, with high values indicating drought. SMDA describes the 

moisture available in the soil compared to normal conditions and is calculated using daily rainfall, 

daily potential evapotranspiration and a fixed available water capacity or the amount of water in the 

soil that plants can use, with high values indicating higher than normal soil moisture deficit.  

The species richness and abundance of exotic species was calculated for the most recent rotation 

(2019-2022) of the 26 plots in the Heritage Area. Relative (%) species richness and abundance of 

exotic was compared between the Heritage Area (using 25 TBMP forest plots) and regional forests 

(using 58 TBMP forest plots). Exotic species listed as weeds in Auckland Council’s Regional Pest 

Management Plan (Auckland Council 2020) are considered capable of having serious adverse effects 

on the environment or people. 

We tested for differences between regenerating forest (VS) and warm forest (WF), between plot 

rotations, and between Heritage Area and regional forest plots using one of three models depending 

on the metric used (Schlesselmann et al 2022). Generalised linear models with poisson errors were 

used for basal area and species richness. Generalised linear models with negative binomial errors 

were used for densities of trees, saplings, and seedlings. Generalised linear models with binomial 

errors were used for proportions of indigenous and Threatened species. Generalised linear models 

were analysed using the lme4 package in R (Bates et al 2015).  

Prior to starting analyses, data were checked for outliers or species inconsistencies. In 17 plots there 

were one or two species that could not be identified to species level and these were omitted from 

subsequent analyses (Jo et al 2023). All statistical analyses were conducted using the R software for 

statistical computing version 4.2.2 (R Core Team 2022).  

3.2.3     Data caveats 

When the Terrestrial Biodiversity Monitoring Programme was established, trees were not tagged as a 

cost-saving alteration to the national 20 m x 20m forest plot protocol (Hurst et al 2022). This means 

we were unable to measure recruitment, growth or mortality of trees in the plot. It also means there 

is more error associated with the re-measure of plots if they are not re-laid in precisely the same 

location. Since 2018 Auckland Council has changed its protocol and now tags trees in all remeasured 

plots. We continue to omit the forest reconnaissance (RECCE) methodology (measuring percentage 

cover of plants in the 20 m x 20 m plot) from our plot protocol due to concerns around its 

subjectivity.  

Forest plot locations were determined systematically using a grid-based approach and so the 

distribution of plots was not designed to test differences in regenerating and warm forest types. 

Furthermore, the current ecosystem mapping layer (Singers et al 2017) is based on large-scale 

patterns in biotic and abiotic characteristics which do not always translate directly to patterns of 

forest composition and structure observed in 20 m x 20 m plots, especially given the heterogeneity of 

forest in the Heritage Area.  
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The proportion of forest covered by the 26 TBMP plots in the Heritage Area (1.04 ha) is small 

compared to the 27,000 ha covered by the Heritage Area. The spatially distributed systematic 

allocation of plot locations intends to sample forest representatively but given the heterogeneity of 

landscape and forest in the Heritage Area, the TBMP plot network will only capture the dominant 

plant composition and structure, and broad changes over time. The TBMP plot network is not 

designed to capture uncommon or highly localised species. Furthermore, while plots capture some 

data on exotic species, the plot network was not designed to measure the pressure from exotic 

species that tends to be concentrated in buffer zones and areas of high human activity. There are 

more plant species, Threatened or At Risk plants, and exotic plant species growing across the 

Heritage Area than are sampled in these forest plots. 
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3.3 Results  

3.3.1 Forest composition and structure – state 

Across all 26 forest plots measured in the Heritage Area in 2019-2022, 239 indigenous vascular plant 

species were recorded. The mean (± standard error) indigenous species richness per plot was 49.6 (± 

2.0) species. This compares with the mean species richness of regional forest plots of 34.2 (± 1.3) 

species. The turnover of species between plots was 152.4 species, demonstrating the high level of 

forest heterogeneity between plots, where turnover accounts for 75 per cent of the overall species 

pool. Indigenous species included 13 canopy broadleaf species, eight conifer species, 35 sub-canopy 

broadleaf species, 28 species of shrub, five tree fern species, three monocot tree species including 

nīkau (Rhopalostylis sapida), tī kōuka (Cordyline australis) and tī ngahere (Cordyline banksii), and 110 

vine, epiphyte and understorey species.   

Stand basal area (the cross-sectional area of a tree at 1.35m height per plot) ranged from 25.7 m2 ha-1 

to 136 m2 ha-1, while tree stem densities ranged from 1250 stems ha-1-to 7600 stems ha-1.  

Summed across all 26 plots, ponga (Cyathea dealbata) dominated the forest by basal area and had 

the second highest stem density (Table 9). Ponga, kauri, nīkau, kānuka and northern rātā were the 

most abundant tree species by basal area. The highest stem density tree species were (in descending 

order) horoeka (Pseudopanax crassifolius), ponga, hangehange (Geniostoma ligustrifolium var. 

ligustrifolium), wheki (Dicksonia squarrosa) and māmāngi (Coprosma arborea). 

No species were common to all 26 plots. Two species occurred in 25 plots: ponga and hangehange. 

Other common species, occurring in 22 to 23 out of 26 plots, were kanono (Coprosma autumnalis), 

porokaiwhiri (Hedycarya arborea), karamū (Coprosma lucida), rewarewa, and mahoe; several of 

which are common, bird-dispersed species. There were 61 species that occurred in only one or two of 

the 26 TBMP plots.  
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Table 9: Total tree species abundance across all 26 plots, ranked by basal area (m2 ha-1) and tree stem 
density (ha-1).   

Plant species 

Basal 
area 
(m2 

ha-1) 

Plant species 
Tree stems     

(ha-1) 

Ponga Cyathea dealbata 9.8 Horoeka Pseudopanax crassifolius 375.0 

Kauri Agathis australis 5.6 Ponga Cyathea dealbata 373.1 

Nīkau Rhopalostylis sapida 4.6 Hangehange Geniostoma ligustrifolium var. ligustrifolium 325.0 

Kānuka Kunzea robusta 4.2 Wheki Dicksonia squarrosa 234.6 

Northern rātā Metrosideros robusta 3.9 Māmāngi Coprosma arborea 227.9 

Pūriri Vitex lucens 2.7 Nīkau Rhopalostylis sapida 219.2 

Wheki Dicksonia squarrosa 2.2 Kānuka Kunzea robusta 200.0 

Pōhutukawa Metrosideros excelsa 2.0 Māhoe Melicytus ramiflorus 198.1 

Kahikatea Dacrycarpus dacrydioides 2.0 Kanono Coprosma autumnalis 187.5 

Rewarewa Knightia excelsa 1.8 Porokaiwhiri Hedycarya arborea 171.2 

Horoeka Pseudopanax crassifolius 1.6 Heketara Olearia rani 152.9 

Heketara Olearia rani 1.5 Red mapou Myrsine australis 135.6 

Miro Pectinopitys ferruginea 1.5 Mānuka Leptospermum scoparium 129.8 

Rimu Dacrydium cupressinum 1.5 Tanekaha Phyllocladus trichomanoides 103.8 

Mānuka Leptospermum scoparium 1.2 Karamū Coprosma lucida 102.9 

Tawa Beilschmiedia tawa 1.2 Kohekohe Didymocheton spectabilis 85.6 

Taraire Beilschmiedia tarairi 1.2 Mingimingi Leucopogon fasciculatus 75.0 

Tanekaha Phyllocladus trichomanoides 1.0 Rewarewa Knightia excelsa 72.1 

Māmāngi Coprosma arborea 0.8 Tawa Beilschmiedia tawa 68.3 

Porokaiwhiri Hedycarya arborea 0.8 Houhere Hoheria populnea 59.6 

 

Multivariate analyses (NMDS) of species basal area for each plot were used to examine patterns of 

forest tree composition. One plot (CF40AA) clearly separated from the others based on the 

dominance of pōhutukawa (METEXC) and paucity of other tree or understorey species. Pōhutukawa 

made up 99 per cent of the tree basal area and 93 per cent of tree numbers. Species richness was low 

in this plot, with only 21 indigenous species and one exotic species, the veldt grass Ehrharta erecta. 

 For the remaining plots, those located in regenerating (yellow text) forest were clustered near the 

centre of the ordination space, while plots in warm forest (green text) were more dispersed across 

the ordination space (Figure 11a). The clustered distribution reflects the fact that regenerating forest 

plots were all dominated in basal area by a few tree fern and early successional species, namely 

ponga (CYADEA), kānuka (KUNROB), mānuka (LEPSCO) and horoeka (PSECRA). One regenerating 

plot also had a large relict northern rātā (METROB). Broadleaved canopy species present within 

regenerating forest plots included tawa, pūriri, white maire (Nestegis lanceolata) and karaka 

(Corynocarpus laevigatus). Kauri, all relatively small (<10 cm DBH), were numerous in one 

regenerating forest plot, but otherwise conifer trees were infrequent, with just one rimu and one 

tōtara-kiri-kōtukutuku (Podocarpus laetus). More canopy broadleaf and conifer species were present 
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as saplings and seedlings including taraire, kahikatea, miro, and kohekohe. One regenerating forest 

plot (CF41A) had no broadleaf canopy or conifer species.    

In the plot ordination (Figure 11a), the dispersed distribution of warm forest plots (green text) reflects 

greater differentiation among plots. When examining the three most abundant species by basal area 

per plot, no two plots were the same. This variation underpins the high heterogeneity or beta-

diversity across the Heritage Area. Dominant species within different plots included rewarewa 

(KNIEXC), tawa (BEITAW), taraire (BEITAR), pūriri (VITLUC), rimu (DACCUP), kauri (AGAAUS), 

kahikatea (DACDAC), miro (PRUFER), nīkau (RHOSAP), heketara (OLERAN) and tanekaha (PHYTRI). 

  

Figure 11: Non-metric multi-dimensional scaling (NMDS) of tree species basal area showing plots (a) 
and species (b). Forest plots (Figure 11a) are shown with regenerating forest types (VS) in yellow and 
warm forest types (WF) in green. The species ordination (Figure 11b) shows only the most abundant 
species (> 1m2 basal area). Species 6-letter codes were: AGAAUS Agathis australis, BEITAR 
Beilschmiedia tarairi, BEITAW B. tawa, CYADEA Cyathea dealbata, DACCUP Dacrydium cupressinum, 
DACDAC Dacrycarpus dacrydioides, DICSQU Dicksonia squarrosa, KNIEXC Knightia excelsa, KUNROB 
Kunzea robusta, LEPSCO Leptospermum scoparium, METROB Metrosideros robusta, OLERAN Olearia 
rani, PHYTRI Phyllocladus trichomanoides, PRUFER Pectinopitys ferruginea, PSECRA Pseudopanax 
crassifolius, RHOSAP Rhopalostylis sapida, VITLUC Vitex lucens. 

Across all warm forest plots, kauri and ponga had highest basal area; kauri from fewer large trees, 

ponga from ubiquitous and numerous trees (Table 10). Nīkau (RHOSAP) was common to all warm 

forest plots, but only occurred in half the regenerating forest plots.  

There were no differences in tree canopy cover or indigenous species richness between warm and 

regenerating forest types (Table 10). Regenerating forest plots had lower basal area but a higher 

density of trees and saplings than warm forest plots. In regenerating forest plots, species 

composition was dominated by sub-canopy broadleaved species with 39 per cent of basal area, 61 

per cent of tree stems, 49 per cent of saplings and 38 per cent of seedlings. In contrast, warm forest 

plots were characterised by a higher basal area that was dominated by conifers (28%) and canopy 
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broadleaved species (28%). Densities of trees and saplings were lower in warm forest, and species 

composition was more broadly distributed across sub-canopy broadleaved species (41%), tree ferns 

(21%), canopy broadleaved species (14%), shrubs (14%), monocot trees (7%) and conifers (3%). 

While conifer species made up a large proportion of the basal area in warm forest plots (28%), they 

composed only 6 per cent of basal area in regenerating forest plots, and less than 6 per cent of trees, 

saplings and seedlings in both warm and regenerating plots (Table 10). Broadleaved canopy species 

represented 28 per cent of the basal area in warm forest plots but only 16 per cent in regenerating 

forests. Broadleaved canopy species had higher densities in warm forest compared to regenerating 

forest for all size classes, but these species were still well represented in regenerating forest. There 

were no discernible differences in seedling densities between regenerating and warm forest plots due 

to the high variation in seedling numbers among plots.  
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Table 10: Comparison of canopy cover, species richness, and abundance measures between regenerating forest (VS) and warm 
forest (WF). Abundance measures were calculated for all indigenous woody species, canopy broadleaf, conifer, sub-canopy 
broadleaf, shrub, treefern and monocot tree species. Abundance metrics were basal area (m2 ha-1), tree stem density (ha-1), 
sapling density (ha-1), and seedling density (ha-1). Basal area was tested using a general linear model with normal errors. Densities 
of tree stems, saplings and seedlings were tested with general linear models with negative binomial errors. s.e. = standard error. 

    Regenerating forest (VS) Warm forest (WF) Test 
stat 

P value 
    mean s.e. mean s.e. 

Canopy cover (%) 70.0 4.0 66.0 4.5   n.s. 

Indigenous species richness 52.4 3.0 48.1 2.5   n.s. 

All woody 
species 

Stand basal area (m2 ha-1) 50.5 8.2 60.6 7.6 10.8 <0.01 

Tree stems (ha-1) 5,414.0 476.0 3,551.0 329.0 7.7 <0.01 

Saplings stems (ha-1) 6,064.0 1,107.0 3,904.0 444.0 4 <0.05 

Seedling stems (ha-1) 22,099.0 4,394.0 21,405.0 2,982.0   n.s. 

Canopy 
broadleaf 

Basal area (m2 ha-1) 8.1 5.4 17.0 4.5 37.1 <0.001 

Tree stems (ha-1) 275.0 94.3 513.0 117.0  n.s. 

Saplings stems (ha-1) 214.0 78.1 416.0 131.0  n.s. 

Seedling stems (ha-1) 2,408.0 1,174.0 4,314.0 1,732.0   n.s. 

Conifer 

Basal area (m2 ha-1) 2.8 1.5 17.0 7.5 124 <0.001 

Tree stems (ha-1) 264.0 198.0 124.0 65.3  n.s. 

Saplings stems (ha-1) 333.0 254.0 153.0 107.0  n.s. 

Seedling stems (ha-1) 988.0 584.0 719.0 308.0   n.s. 

Sub-canopy 
Broadleaf 

Basal area (m2 ha-1) 19.5 2.7 8.6 1.5 53.2 <0.001 

Tree stems (ha-1) 3,292.0 574.0 1,434.0 221.0 5.1 <0.05 

Saplings stems (ha-1) 2,992.0 709.0 1,731.0 186.0  n.s. 

Seedling stems (ha-1) 8,334.0 2,091.0 5,589.0 1,039.0   n.s. 

Shrub 

Basal area (m2 ha-1) 1.7 0.4 0.9 0.2   n.s. 

Tree stems (ha-1) 811.0 182.0 481.0 106.0  n.s. 

Saplings stems (ha-1) 1,747.0 353.0 1,163.0 206.0  n.s. 

Seedling stems (ha-1) 8,457.0 2,881.0 5,752.0 1,386.0   n.s. 

Tree fern 

Basal area (m2 ha-1) 13.1 4.1 12.7 2.6   n.s. 

Tree stems (ha-1) 467.0 136.0 734.0 237.0  n.s. 

Saplings stems (ha-1) 450.0 122.0 276.0 98.0  n.s. 

Seedling stems (ha-1) 494.0 313.0 558.0 397.0   n.s. 

Monocot 
tree 

Basal area (m2 ha-1) 5.4 4.4 4.3 1.5   n.s. 

Tree stems (ha-1) 300.0 197.0 218.0 72.0  n.s. 

Saplings stems (ha-1) 75.0 27.3 116.0 41.2  n.s. 

Seedling stems (ha-1) 1,173.0 631.0 2,974.0 990.0   n.s. 
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3.3.2  Forest composition and structure – trends 

Procrustes analyses (Procrustes correlation 0.94, m2 = 0.12, P = 0.001 on 999 permutations) showed 

species basal area compositions were similar between plot rotation 1 (2009-2013) and rotation 3 

(2019-2022), indicating that the composition of plots has not changed greatly over this time period 

(Figure 12a). Inspection of residuals showed a higher level of change in plots CG41D (WF), CF42BA 

(VS) and CF41D (WF) which all had low basal area (25.3, 27.0 and 48.8 m2 ha-1 respectively) and 

therefore greater potential for change (Figure 12b).  

 

Figure 12: Procrustes analyses examining change between sampling rotation 1 (2009-2013) and rotation 
3 (2019-2022) in the NMDS ordination of tree species basal area for all Heritage Area plots. The species 
basal area compositions for both rotations were similar and significantly correlated (correlation = 
0.94, m2 = 0.12, P<0.001 based on 999 permutations). Figure 12a shows the amount of movement 
required by each plot to align the two NMDS ordinations. Figure 12b shows the individual plot residuals 
of the procrustes analysis.   

For the warm forest plot CG41D, there were small reductions in the basal area of the most abundant 

species kānuka, tānekaha (Phyllocladus trichomanoides) and mānuka and arrival of five new species 

as seedlings and saplings including tōtara and rimu, indicative of a maturing forest stand. Between 

plot rotations 1 and 3, the regenerating forest plot CF42BA, changed from one dominated by mānuka 

(3.5 m2 ha-1) to one dominated by kānuka (15.0 m2 ha-1) and māmāngi (Coprosma arborea, 4.7 m2 ha-1), 

with mānuka declining in abundance (1.0 m2 ha-1). The taller stature of kānuka means this species 

typically overtops and shades out mānuka where these species co-occur in mid-successional forest. 

For the warm forest plot CF41D there was a decline in the basal area of taraire and ponga, an increase 

in basal area of nīkau, rewarewa and hangehange, and the arrival of mamaku and porokaiwhiri as 

seedlings and saplings. With the exception of decline in taraire basal area, these patterns are 

consistent with typical of mid-successional forest. 

 Across the three rotations, there were small but significant increases in indigenous species richness 

(Table 11). Stand basal area and the basal area of canopy broadleaf species showed a consistent but 
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non-significant increase, while conifer basal area showed a consistent but non-significant decrease. 

There was a significant decline in seedling numbers of all woody species, with a large proportion of 

this decline contributed by nīkau seedlings, and sub-canopy broadleaf species.  

Table 11: Comparison of canopy cover, indigenous species richness, and abundance in plot rotation 1 
(2009-2013), rotation 2 (2014-2018) and rotation 3 (2019-2022). Abundance was calculated for all 
indigenous woody species, canopy broadleaf, conifer, sub-canopy broadleaf, shrub, treefern and 
monocot tree species. Abundance metrics are basal area (m2 ha-1), tree stem density (ha-1), sapling 
density (ha-1) and seedling density (ha-1). Species richness and basal area were tested using generalised 
linear model with poisson errors. Tree stem, sapling and seedling densities were tested with 
generalised linear models with negative binomial errors. s.e. = standard error. 

    Measurement 1  Measurement 2 Measurement 3 

Test 
stat 

P     
value 

    2009 - 2013 2014 - 2018 2019 - 2022 

    mean s.e. mean s.e. mean s.e. 

Canopy cover (%) 58 3.8 62 2.6 67 3.2   n.s. 

Indigenous species richness 44.0 2.8 49.3 1.7 49.6 2.0 10.7 <0.01 

All woody 
species 

Stand basal area (m2 ha-1) 55.3 5.7 56.9 5.7 57.1 5.7   n.s. 

Tree stems (ha-1) 4,428 435 4,365 367 4,183 320  n.s. 

Saplings stems (ha-1) 5,542 803 5,498 748 4,652 510  n.s. 

Seedling stems (ha-1) 39,918 5,675 41,414 5,724 21,647 2,422 10.9 <0.01 

Canopy 
broadleaf 

Basal area (m2 ha-1) 11.9 3.2 12.7 3.5 13.9 3.5   n.s. 

Tree stems (ha-1) 358 68.9 403 89.1 431 85.2  n.s. 

Saplings stems (ha-1) 360 112 329 93.7 346 90.9  n.s. 

Seedling stems (ha-1) 5,385 2,154 4,573 1,713 3,654 1,200   n.s. 

Conifer 

Basal area (m2 ha-1) 12.8 5.4 12.6 5.3 12.1 5.1   n.s. 

Tree stems (ha-1) 165 75.1 162 79.5 172 79.5  n.s. 

Saplings stems (ha-1) 211 114 226 120 215 110  n.s. 

Seedling stems (ha-1) 1,047 426 1,047 413 812 279   n.s. 

Sub-canopy 
Broadleaf 

Basal area (m2 ha-1) 8.8 1.3 8.8 1.3 12.4 1.7 21.3 <0.001 

Tree stems (ha-1) 2,174 392 2,038 307 2,077 297  n.s. 

Saplings stems (ha-1) 2,752 572 2,694 512 2,167 291  n.s. 

Seedling stems (ha-1) 11,689 1,743 10,770 1,687 6,539 1,002 7 <0.05 

Shrub 

Basal area (m2 ha-1) 1.1 0.2 1.2 0.2 1.2 0.2   n.s. 

Tree stems (ha-1) 601 104 620 106 595 96.7  n.s. 

Saplings stems (ha-1) 1,692 256 1,656 243 1,365 186  n.s. 

Seedling stems (ha-1) 9,402 1,859 9,103 1,728 6,689 1,338   

n.s. 
 
 
 
  

Tree fern Basal area (m2 ha-1) 12.8 2.0 13.5 2.1 12.9 2.2   n.s. 
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    Measurement 1  Measurement 2 Measurement 3 

Test 
stat 

P     
value 

    2009 - 2013 2014 - 2018 2019 - 2022 

    mean s.e. mean s.e. mean s.e. 

Tree stems (ha-1) 639 148 639 155 641 162  n.s. 

Saplings stems (ha-1) 302 77.4 312 61.7 337 77.1  n.s. 

Seedling stems (ha-1) 833 301 620 253 556 277   n.s. 

Monocot 
tree 

Basal area (m2 ha-1) 4.1 1.4 4.1 1.5 4.7 1.7   n.s. 

Tree stems (ha-1) 253 78 241 70.4 246 80.7  n.s. 

Saplings stems (ha-1) 122 37.4 125 33.5 102 28.5  n.s. 

Seedling stems (ha-1) 11,454 3,523 14,809 5,214 2,351 696 9.8 <0.01 

 
 

         

3.3.3 Threatened and at risk species 

In the latest plot sampling rotation (2019-2022), 42 species recorded in the Heritage Area forest plots 

are classified as Threatened, At Risk or Data Deficient based on the combined regional and national 

threat classification assessments (de Lange et al 2018, Simpkins et al 2022). Of these, nine are 

nationally Threatened species and three nationally At Risk species (Table 12). Threatened, At Risk or 

Data Deficient species make up 40.1 per cent of basal area and 14.5 per cent of tree numbers in the 

Heritage Area (as a percentage of total basal area or total tree numbers per plot). Most of this 

abundance was contributed by the myrtaceous species including kānuka, mānuka, pōhutukawa, 

northern rātā, climbing rātā (Metrosideros fulgens), carmine rātā (Metrosideros difffusa), akatea 

(Metrosideros perforata) and ramarama (Lophomyrtus bullata). These are naturally widespread but 

are susceptible to the plant pathogen myrtle rust (Austropuccinia psidii, Beresford et al 2019). Kauri 

is also widespread but susceptible to the plant pathogen Phytophthora agathidicida that causes 

kauri dieback.  
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Table 12: Species categorised as Threatened, At Risk or Data Deficient in the national and regional 
threat classification (de Lange et al 2017, Simpkins et al 2022) and recorded within at least one of the 
26 Heritage Area forest plots in the third rotation (2019-2022). 

 

 

3.3.4 Pressures – pest animals and drought 

Over the 14 years covered by the TBMP plot rotations, there were no changes in the relative 

abundances (basal area and densities of trees, saplings and seedlings) of kauri, or woody species 

palatable to feral pigs or possum (Table 13). Seedling densities were low compared to the basal area 

for these groups. More data is required to understand the role of feral pigs as consumers or 

dispersers of tree seeds in the Heritage Area. In addition, tawa seed production may be influenced by 

temperature change driven by climate change (Clendon et al 2023).  

For several species palatable to possum, including the highly preferred northern rātā, pōhutukawa, 

whauwhaupaku and mamaku there were no saplings or seedlings recorded. In 2021 we started to 
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collect epiphyte data as part of our standard plot protocol. No northern rātā epiphytes were recorded 

in Heritage Area plots suggesting that epiphytic regeneration of this species is not common either.   

Between plot rotation 2 (2014-2018) and plot rotation 3 (2019-2022) there was a significant decline in 

seedling density for species palatable to rats or sensitive to climate change. These functional groups 

overlap, both containing nīkau which showed a significant decline, and which contributes a large 

proportion of forest seedlings. Between 2019 and 2022 there was a spike in rat numbers in the 

Heritage Area (reported by Forest & Bird for Ark in the Park) as well as a severe drought in 2020. It is 

not possible to differentiate their individual effects and both pressures may be interacting to reduce 

seedling recruitment. Seedling numbers showed a negative relationship with mean indices of the NZ 

Drought Index (NZDI, LRT = 10.61, P<0.01, 11.7% deviation explained) and the Soil Moisture Deficit 

Anomaly (SMDA, LRT = 10.71, P<0.01, 11.8% deviation explained), but the plant data available to make 

this comparison are sparse (Figure 13).  

 

 

Figure 13: Means (± s.e.) per plot rotation for (a) seedling numbers (plot-1) for all woody species and (b) 
two indices of drought, the NZ Drought Index (NZDI) and the Soil Moisture Deficit Anomaly (SMDA). 
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Table 13: Percentage abundance of plant species functional groups for each rotation and size-class. 
Plant species functional groups were: woody species vulnerable to kauri dieback (kauri); woody species 
palatable to feral pigs (hinau, tawa, mataī); woody species palatable to possum (mamaku, kohekohe, 
pōhutukawa, northern rātā, tōtara-kiri-kotukutuku, tōtara, horoeka, raukawa, whauwhaupaku, tawa, 
tītoki, toro, patē, māhoe, hīnau); northern rātā (indicator of possum control, Crisp 2001), woody species 
palatable to rats (tītoki, toro, patē, māhoe, hīnau, makomako, shining karamū, karaka, rimu, kiekie, 
porokaiwhiri, kawakawa, miro, karo, kahikatea, horopito, nīkau, karamū, pūriri); and woody species 
vulnerable to climate change (taraire, kanono, hangehange, rewarewa, red mapou, kawakawa, kōwhai, 
whauwhaupaku, tawa, māhoe, karamū, pūriri).  

Pressure Abundance metric 

Measurement 1 Measurement 2 Measurement 3 

df 
Test 
stat 

P 
value 

2009 - 2013 2014 - 2018 2019 - 2023 

% palatable / vulnerable 

Woody species 
vulnerable to kauri 
dieback (Agathis 
australis) 

Basal area (m2 ha-1) 12.2 11.6 11.3     n.s. 

Tree stems (ha-1) 0.7 0.7 0.8   n.s. 

Saplings stems (ha-1) 0.5 0.5 0.7   n.s. 

Seedling stems (ha-1) 0.6 0.5 1.0     n.s. 

Woody species 
palatable to feral 
pigs 

Basal area (m2 ha-1) 3.2 2.5 2.3     n.s. 

Tree stems (ha-1) 1.7 1.8 1.9   n.s. 

Saplings stems (ha-1) 1.1 1.0 1.3   n.s. 

Seedling stems (ha-1) 0.5 0.7 1.0     n.s. 

Woody species 
palatable to 
possum 

Basal area (m2 ha-1) 22.0 24.8 23.7     n.s. 

Tree stems (ha-1) 22.9 23.9 25.7   n.s. 

Saplings stems (ha-1) 12.7 11.9 11.5   n.s. 

Seedling stems (ha-1) 4.9 3.5 5.5     n.s. 

Northern rātā 
(Metrosideros 
robusta) 

Basal area (m2 ha-1) 4.9 5.8 5.5     n.s. 

Tree stems (ha-1) 0.0 0.2 0.3   n.s. 

Saplings stems (ha-1) 0.0 0.0 0.0   n.s. 

Seedling stems (ha-1) 0.0 0.0 0.0     n.s. 

Woody species 
palatable to rats 

Basal area (m2 ha-1) 21.4 22.7 26.4     n.s. 

Tree stems (ha-1) 23.3 23.9 27.0   n.s. 

Saplings stems (ha-1) 23.1 22.4 24.1   n.s. 

Seedling stems (ha-1) 82.8 106.2 43.5   11.1 <0.01 

Nīkau (Ropalostylis 
sapida) 

Basal area (m2 ha-1) 7.6 7.4 8.6     n.s. 

Tree stems (ha-1) 5.0 4.8 5.5   n.s. 

Saplings stems (ha-1) 1.9 2.0 2.0   n.s. 

Seedling stems (ha-1) 40.1 55.5 12.2   9.2 <0.01 

Woody species 
vulnerable to 
climate 

Basal area (m2 ha-1) 27.2 25.6 29.0     n.s. 

Tree stems (ha-1) 28.4 27.3 30.2 
 

 n.s. 

Saplings stems (ha-1) 31.9 28.6 28.9 
 

 n.s. 

Seedling stems (ha-1) 72.8 86.9 34.7   14.7 <0.001 
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3.3.5  Indigenous species dominance 

In the most recent plot rotation (2019-2022), 7.4 per cent of species recorded in plots in the Heritage 

Area were introduced species, this contrasts strongly with the regional TBMP forest plot network in 

which 36.1 per cent of species are exotic. For those exotic species where abundance was recorded, 

exotic species in the Heritage Area plots composed 0.1 per cent of basal area, 0.5 per cent of tree 

stem density, 0.4 per cent of sapling density and 0.7 per cent of seedling density. This was far below 

abundances for exotic species recorded in the regional forest plot network (Table 14).  

In the latest plot rotation (2019-2022), fifteen exotic species were recorded in nine of the 26 Heritage 

Area forest plots, including four regenerating and five warm forest plots (Table 14). Nine of these 

species are weeds listed in Auckland Council’s Regional Pest Management Plan (Auckland Council 

2020) and considered capable of having serious adverse effects on the environment or people. Wild 

ginger (Hedychium gardnerianum) was the most widespread weed occurring in four plots. Prickly 

hakea (Hakea sericea) was the most abundant weed by basal area (1.73 m2 ha-1) and the most 

numerous tree, with all found in a single warm forest plot. High seedling numbers were observed for 

loquat (Rhaphiolepsis bibas) and gorse (Ulex europaeus), with gorse present as trees, saplings, and 

seedlings in three regenerating plots. Other weed species were recorded as present in a plot, but no 

abundance data was available.  

Table 14: Exotic and weed species (listed in the Regional Pest Management Plan 2020); the number of 
plots in which they occur and total abundances. Species without abundance measures were only 
recorded as present in the plot.   

Exotic species 
Weed 
(RPMP 
2020) 

Number 
of plots 

Basal       
area      

(m2 ha-1) 

Tree 
stems 
(ha-1) 

Saplings 
stems      
(ha-1) 

Seedling 
stems       
(ha-1) 

Black wattle Acacia mearnsii Weed 1         

Sheep's bur Acaena agnipila Weed 1   25  

Climbing asparagus Asparagus scandens Weed 3     

Centaury Centaurium erythraea  1     

Pampas grass Cortaderia selloana Weed 2     

Cocksfoot Dactylis glomerata  1     

Veldt grass Ehrharta erecta  2     

Prickly hakea Hakea sericea Weed 1 1.73 475 75  

Wild ginger Hedychium gardnerianum Weed 4     

Catsear Hypochaeris radicata  1     

Harestail Lagurus ovatus  1     

Loquat Rhaphiolepis bibas  1    556 

African clubmoss Selaginella kraussiana Weed 1     

Monkey apple Syzygium smithii Weed 1     

Gorse Ulex europaeus Weed 3 0.02 25 425 3333 

% exotic abundance in TBMP Heritage Area plots   0.1 0.5 0.4 0.7 

% exotic abundance in TBMP Regional plots     10.0 6.3 4.9 1.7 
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3.4 Discussion and conclusions 

Prior to human arrival the Heritage Area was vegetated in forest, dominated by warm forest types. 

Since human arrival, there has been widespread disturbance from logging, burning, gum digging and 

clearance for farming which was largely complete by the 1940s (Froud et al 2022). The largest kānuka 

in the regenerating plots had a modelled age of 88-90 years taking the recruitment date to 1933-1935 

(based on diameter-age relationships in Payton et al (1984)). In addition to forest disturbance, 

humans brought hunting, pest animals, pathogens, exotic plants, and induced climate change. The 

Heritage Area is now vegetated in 52 per cent warm forest and 42 per cent regenerating forest types. 

Although regenerating forest lacks the structural complexity of warm forest, for both forest types 

indigenous plant diversity is high and appear to be regenerating following expected successional 

pathways.  

In warm forest (WF, largely kauri-podocarp-broadleaved WF11) patterns of plant species composition 

and structure were consistent with late successional maturing forest. Warm forest (WF) had higher 

structural complexity and supported a wide range of conifer and canopy broadleaved tree species 

including rewarewa, tawa, rimu, kohekohe, kauri, white maire, tōtara, kahikatea, northern rātā, miro, 

and coastal pōhutukawa. Warm forest had higher woody species basal area dominated by conifer and 

canopy broadleaved species and a lower density of stems. For regenerating forest (VS), patterns of 

species composition and structure were consistent with mid-successional forest following sub-

canopy closure by early successional species, and with late successional broadleaved canopy and 

conifer species growing up under the sub-canopy. Regenerating forest had a low basal area of conifer 

and canopy broadleaved species, but good canopy closure and a high stem density, especially of sub-

canopy broadleaved species typical of mid-successional regenerating forest including ponga, kānuka, 

mānuka and horoeka.  

Conifer and canopy broadleaved species occupy all size-classes in both warm and regenerating forest 

types. Densities of conifer trees, saplings and seedlings were generally lower than canopy 

broadleaved species; this may reflect their tendency to regenerate in cohorts following infrequent 

landscape level disturbance (Wyse et al 2018). The broad similarity in conifer tree, sapling and 

seedling densities between warm and regenerating forest provides some reassurance that 

regenerating forests are not seed limited for conifers despite the mature conifers being limited to 

only a few regenerating forest plots. Tree ferns were common to both regenerating and warm forest 

and these tend to reduce numerically as forest matures (apart from in tree fall gaps, Smale et al 

1997). Nīkau were more ubiquitous in warm forest.   

Across all 26 forest plots (total = 1.04 ha), 239 indigenous vascular plant species were recorded, but 

this is low compared to the 542 species recorded in the Protected Natural Area Programme survey 

report for the Waitākere Ranges Ecological District (ca. 20,000ha, Denyer et al 1993). This is not to 

suggest that species richness is declining, indeed the number of species per plot increased 

significantly over the 14 years of the TBMP. The difference in species richness between the two 

studies results from differences in sampling effort and reflects the primary intent of the TBMP forest 

plot network which is to describe the dominant forest characteristics rather than to document all 

species as in the protected natural area survey.  
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Few changes over time were detected in the abundance of plants vulnerable to pressures including 

herbivory, plant pathogens and/or climate change. The seedling densities of all woody species 

declined by almost a half between rotation 2 (2014-18) and rotation 3 (2019-23), and this was 

particularly apparent in nīkau and sub-canopy broadleaf species. As a result, species vulnerable to 

climate change (drought) and rat predation showed significant declines in seedling density. Seedling 

densities across the three rotations showed a negative relationship with mean indices of the NZ 

Drought Index and the Soil Moisture Deficit Anomaly. In the summer of 2019-20, when sampling 

started for the third rotation of forest plots, Auckland experienced one of the most extreme drought 

events since 1993/94. At the same time, however, Forest and Bird reported a spike in rat numbers in 

the Heritage Area. It is possible that both pressures contributed to seedling decline, and this 

highlights how climate change can exacerbate existing pressures. More research is required to 

understand the cause of seedling declines and determine whether the decline will impact forest 

regeneration patterns longer term. Use of plant indicator groups to detect change from herbivory 

would be improved with knowledge of herbivore plant preferences in the Heritage Area relative to 

plant abundance (Bellingham et al 2016).   

Tree species palatable to possum showed signs of poor regeneration, with several species having few 

or no saplings or seedlings (northern rātā, pōhutukawa, tōtara-kiri-kotukutuku, patē and 

whauwhaupaku). Further investigation is required to understand the cause of this absence in the 

Heritage Area. It is possible that northern rātā and other palatable species are unable to regenerate 

under current possum populations despite long-term and effective population suppression 

(Lovegrove and Parker in review). All of these species, however, also require high light conditions to 

regenerate which is not possible without some canopy disturbance so an intact canopy may also 

contribute. 

Kauri and Myrtaceous species, vulnerable to kauri dieback and myrtle rust, contribute considerable 

abundance to forest in the Heritage Area. In fact, Myrtaceous species were estimated to be the 

second most important woody family across New Zealand in terms of forest cover, basal area and 

species richness (Jo et al 2023). As myrtle rust is a wind-dispersed pathogen, it is almost impossible 

to control its spread (Beresford et al 2019). It is still too early to say how virulent myrtle rust will be to 

New Zealand’s indigenous forest species. Early evidence suggests that Lophomyrtus species such as 

ramarama are highly susceptible, with new shoots, reproductive structures, and seedlings all 

impacted (Beresford et al 2019). Metrosideros species are less susceptible, but have little resistance, 

while kānuka and mānuka are least susceptible and have some resistance (Beresford et al 2019). 

Auckland Council introduced surveillance of myrtle rust to the TBMP forest plot protocol in 2020, 

and myrtle rust symptoms were observed on several pōhutukawa, carmine rātā, ramarama and maire 

tawake (Syzygium maire) within regional plots. Myrtle rust was not detected in plots inside the 

Heritage Area in the 2019-2022 rotation period, although the timing of forest monitoring in 

October/November is too early to detect maximum disease symptoms of A. psidii. Seasonal 

epidemics of A. psidii typically start in late spring or early summer (November/December) with 

disease severity increasing rapidly in December/January and reaching a maximum in early autumn 

(March/April, Beresford et al 2019). It is likely that the most immediate impact of myrtle rust will be 

on species that are both highly susceptible and already have reduced populations, notably ramarama 
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and maire tawake. Although Lophomyrtus species can continue to produce new growth at 

temperatures too low for A. psidii infection (10° C) which may provide some potential for these 

species to survive A. psidii infection (Beresford et al 2019).  

Kauri dieback has not yet been detected in the 26 TBMP plots in the Heritage Area and measures of 

kauri abundance showed no signs of decline. In fact there was a small but insignificant increase in the 

density of kauri trees and saplings in the Heritage Area plots over the 14 years of plot rotation. While 

P. agathicida remains on the periphery of the Heritage Area, it has not yet reached its full potential 

range (Froud et al 2022). Evidence from the Waitākere Ranges Kauri Dieback Surveillance support 

continued vector management through isolation, hygiene and treatment (Froud et al 2022).  

The TBMP data showed that indigenous dominance of the forest interior in the Heritage Area was 

high, especially compared to regional forest plots. The plot data however, did not capture areas of 

the Heritage Area with high weed pressure. Weeds and exotic species tend to arrive first on the forest 

edges or in areas of high human activity. Residential areas adjacent to the forest, roadways and 

tracks are all likely to support a higher proportion of exotic species than measured in these forest 

plots. Lower weed prevalence in the Heritage Area compared to regional forest may result from its 

large, continuous forested area with good connectivity to indigenous habitat, and little adjacent rural 

and urban land, characteristics associated with higher indigenous dominance (Griffiths et al 2021).  

The most abundant weeds in plots in the forest interior were pyrophytic, fire adapted species (hakea 

and gorse) which readily colonise regenerating forest. Regenerating forests, which cover 42 per cent 

of the Heritage Area, tend to be more flammable than later successional forests, due to the 

flammability of early successional Leptospermum and Kunzea species (Wyse et al 2016), as well as 

differences in the microclimate and structure of these low-stature forests (Tepley et al 2016, 

Kitzberger et al 2016). The presence of invasive pyrophytic species can make these regenerating 

forests more flammable (Andersen and Andersen 2010), and potentially alter fire frequency (Perry et 

al 2015). Increased drought frequency and severity as a result of climate change is predicted to 

increase the risk of wildfires (Pearce et al 2011). Later successional forests are less flammable than 

early successional forests so as regenerating forest matures towards warm forest (WF) types, the 

risks of wildfires will reduce (Kitzberger et al 2016). Successful forest regeneration will not only 

reduce wildfire risks but will also support greater carbon sequestration and storage (Paul et al 2021).    

More recently, less expected impacts of climate change have become evident with the increased 

number of land slips in response to extreme rainfall events in August 2021 and January 2023. 

Ultimately, these slips may provide canopy gaps favouring conifer and broadleaved canopy species, 

but they may also provide disturbed ground suitable for weed or exotic plant invasion. We 

recommend future research aims to monitor plant regeneration patterns at land slip locations.  

In our assessment of forest ecological integrity in the Heritage Area we have made some comparisons 

with regional forest data to understand the benefits of large continuous forested areas and broad 

management activities (Griffiths et al 2021). It would also be valuable to compare the state and 

trends for forest in the Heritage Area with that of more pristine forest to identify potential impacts on 

ecosystem processes (Wurtzebach and Schultz 2016). For example, resampling of plots on offshore 

islands such as Te Hauturu-o-Toi may provide one example of what warm forest typical of the 
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Auckland region could look like with limited past disturbance, no pest animals, few weeds but with 

impacts of climate change and plant pathogens.    

Overall, forest in the Heritage Area has high ecological integrity, is recovering well from past 

disturbance and following expected forest successional pathways. The forest is highly diverse and 

dominated by indigenous plants. Many of these benefits arise in part from the large, unfragmented 

and continuous characteristics of the Heritage Area, and ongoing management to limit weed and pest 

populations. There remain areas of concern however, especially from the current and potential future 

impacts of plant pathogens, weeds and climate change. The recent extremes in drought and rainfall 

events generating widespread land slips show how rapidly climate change may impact forest 

processes.  
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4 Birds 
4.1  Introduction 

Birds, although only a small proportion of total biodiversity, are commonly used as indicators for 

monitoring the status and trends of ecosystem integrity and its inherent biodiversity (Temple and 

Wiens 1989, Furness and Greenwood 1993, Browder et al 2002, Carignan and Villard 2002, Gill 2006, 

Monks et al 2013). There are a several reasons for this utility:  

• Birds are often high on food chains and thus must rely on the health of multiple trophic levels 

below them to survive (MacLeod 2014); 

• Different bird species interact with particular habitats, and populations are affected by 

disturbance in these areas relatively quickly with many species short-lived (Browder et al 

2002);  

• Many birds have relatively large home ranges, especially in comparison to other taxa, 

allowing the integration of conditions over the landscape (Rolando 2002); and 

• Birds are also important to monitor given the significant ecological roles they play, namely as 

predators, pollinators, and seed dispersers (Clout and Hay 1989, Kelly et al 2010, Young et al 

2012). 

New Zealand’s diurnal land birds are particularly useful indicators because many are conspicuous 

and easy to identify (Landers et al 2021), with New Zealanders tending to have an interest in hearing 

about how the birds are faring (Galbraith et al 2014, Brandt et al 2020). Many species need 

monitoring given the huge declines that have occurred from anthropogenic effects since humans 

arrived in New Zealand (Worthy and Holdaway 2002, Tennyson and Martinson 2006, Innes et al 2010, 

Robertson et al 2021). New Zealand birds may also have added pressure as a result of climate change 

from the predicted increased extreme weather events and pest animals, as well as other habitat 

changes (Pearce et al 2018, Bishop and Landers 2019, Auckland Council 2020).  

Here we report on the state and trends in bird species populations and communities in the Heritage 

Area using 14 years (2009-2022) of bird count data from Auckland Council’s Terrestrial Biodiversity 

Monitoring Programme (TBMP) forest plot network (described in Section 3.2.1).  

4.2 Methods 

As part of the forest plot network used to monitor biodiversity, bird surveys were carried out at the 

corner of each plot on the same days the plants were surveyed. On these days, three 10-minute bird 

counts (10MBC) were performed between 7am and 1pm (for details, see Landers et al 2021). 

Bird data for this report included the full set of Tier 1 and 2 plots within the Heritage Area (Heritage 

Area Tier 1 plots were generally at similar distances/spatial scale to Tier 2 plots) to a) establish the 

current state using sampling rotation (here after referred to as rotation) 3 (2019-2022), noting all 

plots used were sampled by the end of 2022; n = 26), and b) examine trends using plots which had 

been surveyed in all three rotations (rotation 1 2009-13, rotation 2 2014-18, rotation 3 2019-22, n = 22, 
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Table 15). For context, results were compared to regional data using bird surveys conducted at Tier 1 

plots (Table 15). 

 

Table 15: The number of bird survey plots used for Repeated Measures ANOVA analyses (‘state’ and 
‘trends’) by Terrestrial Biodiversity Monitoring Programme tier category and sampling rotation (1 
2009-13, 2 2014-18, 3 2019-2022). 

State or trend Comparison Location Rotation Number of plots 

Tier 1 Tier 2 Total 

Current state 

Heritage area 
Heritage 
area 

3 5 21 26 

Rotation 3 
 
(Rotation 2 provided 
for context only) 

Heritage 
area 

2 5 24 29 

Heritage 
area 

3 5 21 26 

Heritage area vs 
Regional 

Heritage 
area 

3 5 17 22 

Regional 3 37 0 37 

Trends 

Heritage area 
Heritage 
area 

1, 2, 3 5 17 22 

Heritage area vs 
Regional 

Heritage 
area 

1, 2, 3 5 17 22 

Regional 1, 2, 3 37 0 37 

 

Only counted birds which had full species identifications were used in analyses. Three main 

dependent variables were used for most analyses in this study: Naturalness (proportion of indigenous 

individuals of total individuals counted), Indigenous (individuals of indigenous species only) and 

Introduced (individuals of introduced species only). We also calculated these three variables for 

species richness rather than number of individuals. Hence, a total of six main variables were 

calculated for all analyses. 

Abundance variables were calculated using the first five minutes of the 10MBC (hereafter called 

5MBC) and richness variables using the full 10MBC. All variables are means per count, calculated by 

averaging the totals from each of the three bird counts conducted at each plot on the same day. In 

the ‘Total species summary’ section Total Species Richness (total number of species from all counts 

using the full 10MBC) and Mean Species Abundance (mean number of individuals per 5MBC) were 

also calculated for all species counted in the Heritage Area in rotation 3 to give the ‘state’ (Table 18). 

To provide some context to the ‘state’ of birds (Total Species values) we also provide the ‘state’ for 

rotation 2. 

To analyse for ‘state’ and ‘trend’ differences in abundances and species richness within the Heritage 

Area and in comparison to regional plots, we ran six two-way Repeated Measures ANOVAs (RM-
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ANOVA) using the Naturalness, Indigenous and Introduced variables (Table 2) using the factors 

Location (Heritage Area vs regional) and time period. The assumptions for ANOVA (independent 

observations, normality, homogeneity via Levene’s Test and inspecting histograms) were checked for 

all data and any data failing these were transformed as required. For all significant RM-ANOVAs, 

post-hoc tests were run to determine which factor pairs were significant (Tukey HSD tests for 

ANOVAs). 

 

4.3 Results 

4.3.1 Current state of Waitākere Ranges Heritage Area 2018-2022 

Total species summary 

In total, 78 bird counts were completed at 26 forest plots within the Waitākere Ranges Heritage Area 

(Heritage Area) over 2018-22 (rotation 3), during which 1,364 individual birds were counted (Table 16). 

The majority of these were endemic (indigenous found only in New Zealand) and indigenous species, 

with only about one quarter of all birds counted being introduced species (Table 16). Only a small 

percentage (<3%) of total birds counted were Threatened or At Risk species (Table 17, Robertson et 

al 2021). Total Species Richness comprised 66 species, and the top four of the five most abundant 

species were indigenous (i.e., tauhou/silvereye, riroriro/grey warbler, tūī, and pīwakawaka/North 

Island fantail – manu pango/Eurasian blackbird was the 5th most abundant species) (Table 18). 

In comparison to the previous survey conducted over 2014 and 2018 (rotation 2), there were 

increases in the abundance of tauhou, riririro, and pīwakawaka, which were all approximately twice as 

abundant in the rotation 3 survey (Table 18). Korimako/bellbird, although relatively uncommon, was 

another species which appears to be increasing in the Heritage Area. The most common introduced 

species were manu pango (5th most common), pahirini/chaffinch (6th), Eastern rosella (7th), common 

myna (8th), and tiu/house sparrow (10th). Generally, these introduced species were counted at similar 

levels as in the previous survey rotation, but one notable outlier was the increase of tūī, which was 

almost six times more abundant in rotation 3. 

 

Table 16: Status of species counted at 26 forest plots (78 total bird counts conducted from 2018-2022 
[rotation 3]) in the Waitākere Ranges Heritage Area. 

Status Count Percentage of total birds 

Endemic   676  49.5% 

Indigenous   348 25.6% 

Introduced   340 24.9% 

TOTAL 1,364  
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Table 17: Conservation status (Robertson et al 2021) of indigenous species counted at 26 forest plots 
(78 total bird counts from 2018-2022 [rotation 3]) in the Waitākere Ranges Heritage Area. 

Conservation Status Count Percentage of total birds 

Threatened     0 0.0% 

At Risk   26 2.5% 

Not Threatened  998 
97.5% 

 

TOTAL 1.024  

 

Table 18: Mean Abundance (± s.e.) of all bird species counted at forest plots in the Waitākere Ranges 
Heritage Area from 2019-2022 (rotation 3) and 2014-18 (rotation 2). Abundance ordered by most 
abundant to least abundant in rotation 3. *indigenous, **endemic. 

Species 

Abundance 

Rotation 2 
2014-18 
n = 29 

Rotation 3 
2019-22 
n = 26 

Silvereye tauhou Zosterops lateralis lateralis* 2.45 ± 0.28 4.06 ± 0.42 

Grey warbler riroriro Gerygone igata** 1.93 ± 0.22 2.97 ± 0.48 

Tui tūī Prosthemadera novaeseelandiae 
novaeseelandiae** 

2.08 ± 0.19 2.51 ± 0.29 

North Island fantail pīwakawaka Rhipidura fuliginosa placabilis** 0.72 ± 0.11 1.36 ± 0.19 

Eurasian blackbird manu pango Turdus merula 1.43 ± 0.16 0.95 ± 0.15 

Chaffinch pahirini Fringilla coelebs 0.56 ± 0.15 0.91 ± 0.23 

Eastern rosella 
 

Platycercus eximius 0.72 ± 0.14 0.71 ± 0.17 

Common myna 
 

Acridotheres tristis 0.48 ± 0.13 0.58 ± 0.18 

Sacred kingfisher kōtare Todiramphus sanctus vagans* 0.44 ± 0.09 0.54 ± 0.12 

House sparrow tiu Passer domesticus 0.09 ± 0.09 0.53 ± 0.41 

New Zealand pigeon kererū Hemiphaga novaeseelandiae** 0.32 ± 0.08 0.44 ± 0.12 

North Island tomtit   miromiro Petroica macrocephala toitoi** 0.36 ± 0.10 0.42 ± 0.13 

Variable oystercatcher tōrea pango Haematopus unicolor** <0.01 0.22 ± 0.22 

Song thrush 
 

Turdus philomelos 0.09 ± 0.08 0.17 ± 0.07 

Welcome swallow warou Hirundo neoxena neoxena* 0.06 ± 0.02 0.15 ± 0.09 

Australian magpie makipae Gymnorhina tibicen 0.01 ± 0.01 0.12 ± 0.08 

Shining cuckoo pīpīwharauroa Chrysococcyx lucidus* 0.11 ± 0.05 0.12 ± 0.05 

Eurasian skylark kaireka Alauda arvensis 0.01 ± 0.01 0.09 ± 0.08 

Red-billed gull tarapunga Larus novaehollandiae scopulinus* <0.01 0.09 ± 0.09 
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Species 

Abundance 

Rotation 2 
2014-18 
n = 29 

Rotation 3 
2019-22 
n = 26 

European goldfinch 
 

Carduelis carduelis 0.09 ± 0.06 0.08 ± 0.03 

Bellbird korimako Anthornis melanura melanura** <0.01 0.06 ± 0.04 

Common pheasant peihana Phasianus colchicus 0.03 ± 0.02 0.05 ± 0.04 

Pukeko pūkeko Porphyrio melanotus melanotus* 0.02 ± 0.02 0.05 ± 0.04 

Southern black-backed gull karoro Larus dominicanus dominicanus* <0.01 0.05 ± 0.04 

Common starling taringi Sturnus vulgaris 0.01 ± 0.01 0.05 ± 0.04 

Spotted dove 
 

Streptopelia chinensis tigrina 0.05 ± 0.05 0.05 ± 0.04 

Dunnock 
 

Prunella modularis 0.05 ± 0.05 0.04 ± 0.04 

Pied Shag karuhiruhi Phalacrocorax varius varius** <0.01 0.03 ± 0.03 

Spur-winged plover 
 

Vanellus miles novaehollandiae* <0.01 0.03 ± 0.02 

California quail 
 

Callipepla californica <0.01 0.03 ± 0.02 

European greenfinch 
 

Carduelis chloris 0.03 ± 0.02 0.01 ± 0.01 

Paradise shelduck pūtangitangi Tadorna variegata** <0.01 0.01 ± 0.01 

Mallard 
 

Anas platyrhynchos <0.01 0.01 ± 0.01 

Morepork ruru Ninox novaeseelandiae novaeseelandiae* <0.01 0.01 ± 0.01 

Australasian gannet tākapu Morus serrator* <0.01 <0.01 

Barbary dove 
 

Streptopelia risoria <0.01 <0.01 

Black shag kawau Phalacrocorax carbo novaehollandiae* <0.01 <0.01 

Black swan kakianau Cygnus atratus <0.01 <0.01 

Brown quail kuera Coturnix ypsilophora <0.01 <0.01 

Canada goose 
 

Branta canadensis <0.01 <0.01 

Caspian tern taranui Hydroprogne caspia* <0.01 <0.01 

Chicken 
 

Gallus gallus domesticus <0.01 <0.01 

Long-tailed cuckoo koekoeā Eudynamys taitensis** <0.01 <0.01 

North Island fernbird mātātā Bowdleria punctata vealeae** <0.01 <0.01 

North Island kaka kākā Nestor meridionalis septentrionalis** <0.01 <0.01 

North Island kokako kōkako Callaeas wilsoni** <0.01 <0.01 

North Island rifleman titipounamu Acanthisitta chloris granti** <0.01 <0.01 

North Island robin toutouwai Petroica longipes** <0.01 <0.01 

North Island saddleback tīeke Philesturnus rufusater** <0.01 <0.01 
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Species 

Abundance 

Rotation 2 
2014-18 
n = 29 

Rotation 3 
2019-22 
n = 26 

North Island weka weka Gallirallus australis greyi** <0.01 <0.01 

Northern New Zealand 
dotterel 

tūturiwhatu Charadrius obscurus aquilonius** <0.01 <0.01 

Peafowl 
 

Pavo cristatus <0.01 <0.01 

Pied stilt poaka Himantopus himantopus leucocephalus* <0.01 <0.01 

Red-crowned parakeet kākāriki Cyanoramphus novaezelandiae 
novaezelandiae** 

<0.01 <0.01 

Rock pigeon 
 

Columba livia 0.01 ± 0.01 <0.01 

South Island pied 
oystercatcher 

tōrea Haematopus finschi** <0.01 <0.01 

Spotless crake pūweto Porzana tabuensis tabuensis* <0.01 <0.01 

Stitchbird hihi Notiomystis cincta** <0.01 <0.01 

Sulphur-crested cockatoo 
 

Cacatua galerita <0.01 <0.01 

Swamp harrier kāhu Circus approximans* 0.01 ± 0.01 <0.01 

White-faced heron matuku moana Egretta novaehollandiae novaehollandiae* <0.01 <0.01 

White-fronted tern tara Sterna striata striata* <0.01 <0.01 

Whitehead pōpokatea Mohoua albicilla** <0.01 <0.01 

Wild turkey 
 

Meleagris gallopavo <0.01 <0.01 

Yellow-crowned parakeet kākāriki Cyanoramphus auriceps** <0.01 <0.01 

Yellowhammer 
 

Emberiza citrinella 0.02 ± 0.02 <0.01 

 

Heritage Area compared with the Auckland region for rotation 3 (2018 to 2022) 

The overall results of the six RM-ANOVA models run for each of the variables are summarised in 

Table 19 below: four of the six models (Naturalness and Introduced Species for both Abundance and 

Richness) were significant, with three requiring transformation of data to fulfil assumptions. 

The mean percentage of indigenous individuals (Naturalness for Abundance) in the Heritage Area in 

rotation 3 was 76 per cent, which was significantly higher than the regional mean of 67 per cent 

(P<0.001, Figure 14, Table 20). Although there was no significant difference in the number of 

individual indigenous birds counted in rotation 3 (~13 birds in both Heritage Area and regional plots, 

P=0.14), there was a trend for fewer introduced birds to be counted in Heritage Area plots (4.41) in 

comparison to regional plots (6.67, P=0.06, Figure 14, Table 22). 

Similarly to the abundance data, the mean percentage of indigenous species of total species counted 

(Naturalness for Richness) was higher in the Heritage Area (67%) over rotation 3 compared to the 

regional mean (57%, P<0.05, Figure 15, Table 23). Introduced Richness was lower in the Heritage Area 

(2.89 species) compared to an average in regional plots of 4.36 introduced species encountered per 
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count (P<0.05, Figure 15, Table 24). Approximately five indigenous species were counted per 10MBC 

in both Heritage Area and regional plots (P=0.99, Figure 15). 

 

4.3.2 Trends in Waitākere Ranges Heritage Area 2009-2022 

The overall results of the six RM-ANOVA models run for each of the variables when looking for time 

effects (trends) are summarised in Table 25. The only time effects found for plots within the Heritage 

Area over the three rotations (2009-22) were for Indigenous and Introduced Abundances. More 

indigenous birds were counted in rotation 3 in comparison to both rotation 1 (P<0.05) and 2 

(P<0.001, Figure 14, Table 21). Introduced birds varied less over time, however there were more 

introduced birds counted in the third rotation in comparison to the first (P<0.05, Figure 14, Table 22). 

A similar time effect was found in the regional plot network for Indigenous Abundance, with more 

indigenous birds counted in rotation 3 in comparison to rotation 1 (P<0.001, Figure 14, Table 21), 

however introduced species remained constant across the three rotations in contrast to the increase 

seen within the Heritage Area. 

 

Table 19: Repeated Measures ANOVA model results for bird surveys conducted at Terrestrial 
Biodiversity Monitoring Programme plots in the Heritage Area compared with regional plots across 
Auckland region. 

Variable group Variable name df F value Transformation 
applied 

P value η2 

Abundance 

Naturalness 1, 57 21.50 
 

<0.001 0.27 

Indigenous 1, 57 0.41 Log 0.522 0.01 

Introduced 1, 57 27.73 Log <0.001 0.33 

Richness 

Naturalness 1, 57 39.78 
 

<0.001 0.41 

Indigenous 1, 57 0.02 
 

0.898 <0.01 

Introduced 1, 57 35.55 Square root <0.001 0.38 
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Figure 14: (a) Naturalness (Abundance), (b) Indigenous and (c) Introduced Mean Abundance for birds 
counted at forest plots by location (within the Heritage Area vs regional Tier 1 plots) and rotation. Bars 
= standard error. Overall Repeated Measures ANOVA: ***P<0.001. 
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Table 20: Post-hoc comparisons using Tukey HSD test of Naturalness (Abundance) for birds counted at 
forest sites by Area (within the Heritage Area vs regional Tier 1 plots) and rotation (R1 = rotation 1, R2 = 
rotation 2, R3 = rotation 3), n = number of bird survey plots.   

Area - Rotation n P values 

  

Heritage Area - 
R1 

Heritage Area - 
R2 

Heritage Area - 
R3 

Regional - 
R1 

Regional- 
R2 

Heritage Area - R1 22      

Heritage Area - R2 22 0.582     

Heritage Area - R3 22 0.994 0.888    

Regional - R1 37 P<0.001 P<0.01 P<0.001   

Regional - R2 37 P<0.001 P<0.05 P<0.01 0.905  

Regional - R3 37 P<0.05 P<0.01 P<0.001 P<0.05 0.235 

 
 
Table 21: Post-hoc comparisons using Tukey HSD test of Indigenous Abundance for birds counted at 
forest plots by Area (within the Heritage Area vs regional Tier 1 plots) and Rotation (R1 = Rotation 1, R2 
= Rotation 2, R3 = Rotation 3), n = number of bird survey plots.   

Area - Rotation n P values 

 
 

Heritage Area - 
R1 

Heritage Area - 
R2 

Heritage Area - 
R3 

Regional - 
R1 

Regional - 
R2 

Heritage Area - R1 22      

Heritage Area - R2 22 0.978     

Heritage Area - R3 22 P<0.05 P<0.001    

Regional - R1 37 0.998 0.999 P<0.001   

Regional - R2 37 0.718 0.275 0.235 0.132  

Regional - R3 37 P<0.05 P<0.001 0.999 P<0.001 0.119 
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Table 22: Post-hoc comparisons using Tukey HSD test of Introduced Abundance for birds counted at 
forest plots by Area (within the Heritage Area vs regional Tier 1 plots) and Rotation. (R1 = Rotation 1, R2 
= Rotation 2, R3 = Rotation 3). 

Area - Rotation n P values 

  
Heritage Area - 

R1 
Heritage Area - 

R2 
Heritage Area - 

R3 
Regional - 

R1 
Regional - 

R2 

Heritage Area - R1 22      

Heritage Area - R2 22 0.343     

Heritage Area - R3 22 P<0.05 0.884    

Regional - R1 37 P<0.001 P<0.01 0.110   

Regional - R2 37 P<0.001 P<0.001 P<0.05 0.969  

Regional - R3 37 P<0.001 P<0.01 0.063 0.999 0.997 
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Figure 15: (a) Naturalness (Richness), (b) Indigenous and (c) Introduced Abundance for birds counted 
at forest plots by area (within the Heritage Area vs regional Tier 1 plots) and Rotation. Bars = standard 
error. Overall Repeated Measures ANOVA: ***P<0.001. 
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Table 23: Post-hoc comparisons using Tukey HSD test of Naturalness (Richness) for birds counted at 
forest plots by Area (within the Heritage Area vs regional Tier 1 plots) and Rotation. (R1 = Rotation 1, R2 
= Rotation 2, R3 = Rotation 3).  

Area - Rotation n P values 

  
Heritage Area - 

R1 
Heritage Area - 

R2 
Heritage Area - 

R3 
Regional - 

R1 
Regional - 

R2 

Heritage Area - R1 22      

Heritage Area - R2 22 0.477     

Heritage Area - R3 22 0.238 0.998    

Regional - R1 37 P<0.001 P<0.001 P<0.001   

Regional - R2 37 P<0.001 P<0.001 P<0.001 0.977  

Regional - R3 37 P<0.001 P<0.01 P<0.05 0.114 0.446 

 
Table 24: Post-hoc comparisons using Tukey HSD test of Introduced Richness for birds counted at 
forest plots by Area (within the Heritage Area vs regional Tier 1 plots) and Rotation. (R1 = Rotation 1, R2 
= Rotation 2, R3 = Rotation 3).  

Area - Rotation n P values 

  
Heritage Area - 

R1 
Heritage Area - 

R2 
Heritage Area 

- R3 
Regional - 

R1 
Regional - 

R2 

Heritage Area - R1 22      

Heritage Area - R2 22 0.808     

Heritage Area - R3 22 0.252 0.938    

Regional - R1 37 P<0.001 P<0.001 P<0.001   

Regional - R2 37 P<0.001 P<0.001 P<0.01 0.656  

Regional - R3 37 P<0.001 P<0.001 P<0.05 0.499 0.999 

 

Table 25: Repeated Measures ANOVA model results for time effects (trends) for bird surveys 
conducted at Terrestrial Biodiversity Monitoring Programme plots in the Heritage Area and at regional 
plots across Auckland region over rotations 1 (2009-2013), 2 (2014-2018) and 3 (2019-2022). 

Variable group Variable name 
df F value 

Transformation 
applied P value 

η2 

Abundance 

Naturalness 2, 114 2.59  0.079 0.04 

Indigenous Species 2, 114 21.16 Log <0.001 0.27 

Introduced Species 2, 114 3.89 Log <0.05 0.06 

Richness 

Naturalness 2, 114 0.53  0.589 0.01 

Indigenous Species 2, 114 2.49  0.087 <0.01 

Introduced Species 2, 114 0.26 Square root 0.769 <0.01 
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4.4 Discussion and conclusions 

4.4.1 Limitations of this study 
This 14-year study focussed on forest birds within the Heritage Area, has revealed significant 

variation both when comparing within the Heritage Area over time, as well as within the Heritage 

Area compared to the regional forest plot network. As discussed in Landers et al (2021), the caveat 

must be applied that point counts, although very useful for monitoring, disproportionately detect 

more conspicuous birds that are more easily heard and seen compared to more cryptic, quieter birds 

(Hartley 2012). Given we were most focussed on understanding large scale changes across the 

Heritage Area and any detectable trends over the three rotations, the consistently applied 10MBC 

method with good sample sizes has meant robust inferences are able to be made. 

This study is the first attempt at looking at trends within the forest plot network, which has been 

made possible with the availability of data from three rotations. 

4.4.2 Heritage Area state and trend 
This study has shown the diverse community of birds and its high ecological integrity that exists 

within the Heritage Area. We encountered 66 different bird species over rotation 3, with 

approximately 75 per cent of all individual birds counted indigenous. When comparing the Heritage 

Area to the regional means over the last five years, the Naturalness variables were both significantly 

higher in the Heritage Area for Abundance (76% vs 67%, P<0.001, Figure 14) and Richness (67% vs 

57%, P<0.05, Figure 15). 

The main driver for the higher Naturalness of the Heritage Area in comparison to the region is the 

lower number of introduced species, with surveys counting on average less than three introduced 

species at plots compared to greater than four throughout the regional plot network (P<0.05). The 

higher variation in introduced birds, in contrast to indigenous birds which were more stable 

throughout the Heritage Area and the region, was also a key finding found in a recent 10-year bird 

study that looked at both regional averages as well as other highly managed areas in Auckland 

(Landers et al 2021). These latest ‘state’ data further confirm this trend and remind us that the 

Heritage Area is an important ecological area that is maintaining good ratios of indigenous to 

introduced birds (i.e., has high ecological integrity). Thus, we need to continue to protect the 

Heritage Area given there are few locations like it on our mainland. The Heritage Area 76 per cent 

Naturalness (Abundance) is close to the high levels found only in other highly managed areas in 

Auckland such as at Tāwharanui (~78%) and on islands like on Aotea (~80%, Landers et al 2021). 

Indigenous species were counted more often within the Heritage Area in comparison to introduced 

species (four out the five most abundant species were indigenous). In terms of individual species, 

tauhou/silvereye was the most commonly counted bird over the last five years, but riroriro/grey 

warbler, tūī, and pīwakawaka/fantail were also very abundant, as were the introduced species manu 

pango/blackbird and pahirini/chaffinch (Table 18). Abundance of tauhou, riroriro, and pīwakawaka 

doubled in comparison to the five years prior, a trend also seen in the latest Garden Bird Survey for 

tauhou and pīwakawaka (Hayman et al 2022). Similarly, Lovegrove and Parker’s 22-year study (in 

review) in the Heritage Area also found increased tauhou, as well as riroriro and korimako/bellbird, 
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but not pīwakawaka which appeared to have stable populations. The lack of change in pīwakawaka 

abundance detected by Lovegrove and Parker in contrast to our survey results could relate to the 

different methodology used, which was to conduct 5MBCs at bird stations located along specific 

walking tracks. Our survey plot network in the Heritage Area covered a broader area across the 

Ranges given the plots were established based on a sample grid, whereas the locations of Lovegrove 

and Parker’s walking-track stations were not spread as evenly across the Heritage Area. 

Our first trend analysis of bird data from the forest plot network revealed that more indigenous birds 

are being counted both within the Heritage Area and across the region over the last 14 years: from 

approximately nine per count in earlier surveys to approximately 13 individuals per count in more 

recent counts (P<0.001, Figure 14, Table 21). Introduced birds also slightly increased within the 

Heritage Area: from approximately three per count in early surveys to approximately four individuals 

in more recent counts (P<0.05, Figure 14, Table 22). Lovegrove and Parker (in review) found a similar 

general trend across their 22 year study, which they discuss as potentially related to pest 

management efforts in the Waitākere Ranges given there are a number of studies documenting 

increased indigenous bird numbers in areas where management is carried out (Lovegrove 1988, 

Veltman 2000, Byrom et al 2016, Ruffell and Didham 2017, Miskelly 2018, Fitzgerald et al 2019, 

Lovegrove and Parker (in review)). 

The increase in both indigenous species and individual birds identified in this study is difficult to 

pinpoint, especially with this trend also being seen across the region (with the indigenous birds). This 

general increase may relate to a combination of factors relating to forest condition (e.g., habitat 

quality/management success; see next section), and also to environmental changes, such as more 

extreme and variable weather patterns that have been predicted to occur in Auckland as a result of 

climate change (Pearce et al 2018). The recent cycling of wet and dry years, as well as the variation of 

east coast and west coast weather conditions relating to El Niño-Southern Oscillation (Trenberth 

2023), are likely to have significant effects on the ecology and breeding biology of avifauna in 

Auckland (Grosbois et al 2008, Bishop and Landers 2019), however these changes are yet to be 

understood, particularly on sub-regional scales. Drought will likely have costly effects on birds, 

whereas increases in rain may benefit birds though the increases in plants and lower trophic fauna 

(i.e. increased food availability). Further remeasures from the TBMP will help elucidate these effects. 

4.4.3 Management implications 
The state and preliminary trends seen in this study within the Heritage Area support the long-

established understanding that it is of high ecological value for birds as well as other terrestrial 

biodiversity, which is related to the extensive high-quality forest habitat that exists there (Griffiths et 

al 2021, Landers et al 2021 and references within), but also the success of implemented management. 

Bird communities are known to vary across the landscape with the highest degree of naturalness 

(percentage of indigenous species) tending to be concentrated in more highly managed areas and 

where large indigenous forests exist (Landers et al 2021). The higher degree of naturalness and 

increasing abundance of indigenous birds found in this study compared to the region in general 

support the identification of the Heritage Area as a management priority in the region that needs 

prolonged and continued efforts to both protect and continue to enhance its significant biodiversity. 
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One of the greatest pressures affecting birdlife in the Heritage Area is pest animals (Innes et al 2010, 

Baker et al 2014, Byrom et al 2016). Possums are generally ‘under control’ (Auckland Council 2015, 

2018, Auckland Council Research and Evaluation Unit RIMU 2021) following a multi-decade, 

successful programme, although this needs to continue to keep Residual Trap Catches (RTCs) below 

threshold levels. 

The more serious pressure remains from the ‘other’ pest animals, namely mice, rats, and mustelids 

(stoats, weasels, ferrets, Innes et al 2010). In some cases, possum control has been shown to increase 

rat numbers, likely a consequence of more food available to other pests with the reduced possum 

competition (Innes et al 2010, Ruscoe et al 2011, Masuda et al 2014), however by controlling rats and 

possums at the same time bird populations can improve (Byrom et al 2016 and references within). 

There is a clear need to control a variety of pest animals to allow indigenous birds to reach resilient 

population sizes (Innes et al 2010, Byrom et al 2016). Resilient populations are especially important 

for Threatened and At Risk species which have added pressure from the potential negative 

consequences of climate change (Bishop and Landers 2019, Auckland Council 2020). Thus, future 

management needs to continue to be ‘raising the bar’ to reduce the full spectrum of pest animals to 

levels that result in significant biodiversity gains by allowing more indigenous birds species to reach 

resilient population sizes (Lovegrove and Parker in review). This could lead to the Heritage Area 

becoming an even more important biodiversity area by allowing more Threatened species, including 

seabirds, to thrive there (Davis et al 2018, Stolpmann et al 2019, Landers 2022).  

The conservation of Heritage Area indigenous avifauna is also important for maintaining and 

enhancing forest health. Birds have important ecological roles, namely as pollinators, seed dispersers 

and predators (Clout and Hay 1989, Kelly et al 2010, Young et al 2012). The Heritage Area is also a 

vital foraging (food source) area for birds from local and neighbouring areas, and as a population 

source for birds to reproduce and then disperse to other areas in the region and further (Landers et al 

2018, Landers et al 2019). All of these factors highlight the vital importance the Heritage Area has to 

the Auckland region.  
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5 Summary 
The analysis of land cover, canopy cover, and landslides in the Heritage Area reveals important 

insights into vegetation change and its impacts. The findings highlight the dominance of indigenous 

vegetation, comprising 81 to 85 per cent (22,000 hectares) of the Heritage Area. Forest and 

scrub/shrubland are the primary land cover classes, occupying 62 per cent and 22 per cent of the 

land area, respectively. At this broad scale, land cover classes have shown relative stability over a six-

year period (2012-2018). 

Forest canopy cover and height distributions vary across different Auckland Unitary Plan zones 

within the Heritage Area. The Public Open Space zone exhibits the highest canopy cover (84%), 

followed by Rural (69%), Residential (59%), and General zones (56%). The distribution of canopy 

height follows a similar pattern across all planning zones, with most of the forest canopy surface area 

concentrated in the lower height classes.  

The results obtained from the analysis of canopy loss events in the Heritage Area between 2013 and 

2016-2017  provide valuable insights into the extent and distribution of canopy loss, and the 

contributing factors and associated land zones. Thousands of small canopy loss events were 

identified during this period, resulting in a total loss of 50 hectares of canopy cover without any 

vegetation remaining above three metres in height. This loss accounts for approximately 0.2 per cent 

of the total land area in the Heritage Area. These myriad small events contribute to the natural 

dynamics and ecological processes within the forest ecosystem. It is unclear what proportion of these 

losses are the result of deliberate clearance or natural processes, however, this appears to vary by 

zone. There was no clear evidence to suggest losses within the public open spaces were the result of 

deliberate removal.  

Landslide analysis detected a significant number of landslides (more than 150) in the Waitākere 

Ranges Regional Park (within the Heritage Area), triggered by intense rainfall in August 2021. These 

landslides, mainly small shallow slides and flows, have caused vegetation loss, affecting 

approximately 18 hectares of forest. Most of the impacted forest comprises mature kauri, podocarp, 

and broadleaved forests. Further research and monitoring are necessary to fully understand the 

causes, ecological processes and biodiversity impacts of these landslides and those experienced in 

2023. 

There are no large-scale changes in the forest over the period of monitoring. Forest in the Heritage 

Area continues to recover from widespread disturbance from logging, burning, gum digging and 

clearance for farming which largely occurred prior to the 1940s. The most disturbed areas are now in 

regenerating forest types which make up 42 per cent of the forested area. Areas that were less 

disturbed or unlogged are classed as the dominant warm kauri-podocarp-broadleaved forest and 

make up 45 per cent of the forest area (other warm forest types make up a further seven per cent in 

total). Both warm (kauri-podocarp-broadleaved) and regenerating forest are highly species diverse, 

dominated by indigenous plants and following expected successional pathways.  
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The warm (kauri-podocarp-broadleaved) forest is structurally complex supporting a wide range of 

conifer and canopy broadleaved tree species including rewarewa, tawa, rimu, kohekohe, kauri, white 

maire, tōtara, kahikatea, northern rātā, pōhutukawa and miro. Warm forest has higher woody species 

basal area than regenerating forest dominated by conifer and canopy broadleaved species and a 

lower density of stems, typical of late successional maturing forest. Regenerating forest has low basal 

area of conifer and canopy broadleaved species, but good canopy closure and a high stem density, 

especially of sub-canopy broadleaved species typical of mid-successional regenerating forest.  

The Heritage Area also supports a diverse range of bird species. Our surveys indicated that the most 

commonly counted birds were indigenous species, with half of all the birds counted being endemic 

species that are only found in New Zealand. There were significantly fewer introduced species within 

the Heritage Area in comparison to what was counted on average at other sites across the region, 

identifying how important the Waitākere habitat is for supporting indigenous biodiversity. Our 14-year 

study also showed that indigenous species are increasing over time, with some notable rises in the 

presence of tauhou, riririro, pīwakawaka, and korimako in the Heritage Area. To continue this trend 

and to potentially restore Heritage Area birdlife to a more natural functioning state (similar to what 

can be seen on predator-free Hauraki Gulf islands, Landers et al 2021), management of pest animal 

pressures will need to continue and be expanded. 

There is a large amount of investment and effort spent in managing and protecting the Waitākere 

Ranges Heritage Area and the Waitākere Ranges Regional Park. A variety of management activities 

target pest plants as well as reducing weed density on private property in residential areas. Pest 

plant management is carried out for priority ‘buffer’ species including climbing asparagus, bushy 

asparagus, wild ginger, moth plant, woolly nightshade and rhamnus. (Auckland Council, 2020). 

Additional work is also underway to eradicate Low Incidence Pest Plants (LIPP) such as Cathedral 

Bells (Cobaea scandens). Pest animal management activities target the main pest animal species: 

possums, feral pigs, feral deer, feral goat, rats, mustelids, rabbits, and feral cats. The Waitākere Local 

Board funds a range of community initiatives such as pest and weed control, planting and education. 

The 2021 Waitākere Ranges Kauri Population Health Monitoring Survey (Froud et al, 2022) revealed 

that closing the Heritage Area was successful in limiting distribution of the kauri dieback pathogen to 

localised areas on the periphery of the regional park, and that it is not as widespread as previously 

thought. 

The high ecological integrity of forest and high percentage of indigenous birds (with some notable 

increases) reported here arises in part from the large, unfragmented and continuous characteristics 

of the Heritage Area, and from ongoing management to limit weed and pest pressures. There remain 

areas of concern, however, from the current and potential future impacts of pest animals, plant 

pathogens, weeds and climate change. Froud et al (2022) noted that areas of elevated risk for kauri 

dieback still exist. The presence of myrtle rust continues to present a future threat to myrtaceous 

species including kānuka, mānuka and pōhutukawa and could severely impact species that are both 

rare and highly susceptible such as ramarama. The recent extremes in drought and rainfall events 

generating widespread land slips show how rapidly climate change may impact forest processes and 

reinforces the need to continue active management of pressures to protect and support the forest 

ecosystem to continue its own regeneration.  
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Yelekçi, R. Yu, and B. Zhou (eds.)]. Cambridge University Press, Cambridge, United Kingdom 

and New York, NY, USA, 2391 pp. doi:10.1017/9781009157896. 

Jeschke, J.M., Starzer, J. (2016). Propagule pressure hypothesis. In Invasion Biology: Hypotheses and 

evidence. Eds. Jeschke J.M., Heger, T. Cabi International. ISBN. 9781780647647. 

Jo, I., Bellingham, P.J., McCarthy, J.K., Easdale, T.A., Padamsee, M., Wiser, S.K. and Richardson, S.J., 

2022. Ecological importance of the Myrtaceae in New Zealand's natural forests. Journal of 

Vegetation Science 33(1), p.e13106. 

Kelly, D., Ladley, J.J., Robertson, A.W., Anderson, S.H., Wotton, D.M., Wiser, S.K. (2010). Mutualisms 

with the wreckage of an avifauna: the status of bird pollination and fruit-dispersal in New 

Zealand. New Zealand Journal of Ecology 34 (1), 66-85. 

Kitzberger, T., Perry, G.L.W., Paritsis, J., Gowda, J.H., Tepley, A.J., Holz, A., and Veblen, T.T. (2016) 

Fire – vegetation feedbacks and alternative states: common mechanisms of temperate forest 

vulnerability to fire in southern South America and New Zealand, New Zealand Journal of 

Botany 54(2), 247-272. 

Knowles, B., Beveridge, A.E. (1982). Biological flora of New Zealand 9. Beilschmiedia tawa (A. cunn.) 

Benth. et Hook. F. ex Kirk (Lauraceae) Tawa. New Zealand Journal of Botany 20, 37-54.  

Land Air Water Aotearoa. (2021). Factsheet: Land cover and why it is important. Retrieved from 

https://www.lawa.org.nz/learn/factsheets/land/land-cover-and-why-it-is-important/.  

Landcare Research. (2020). Land Cover Database (Version 5). https://lris.scinfo.org.nz/layer/104400-

lcdb-v50-land-cover-database-version-50-mainland-new-zealand/. Retrieved January 30, 

2020  

Lande, R. (1996). Statistics and partitioning of species diversity and similarity among multiple 

communities. Oikos 76, 5-13. 

Landers, T.J., Allen, H., Bishop, C.D., Griffiths, G.J.K., Khin, J., Lawrence, G., Ludbrook, M.R. (2021). 

Diversity, abundance and distribution of birds in Tāmaki Makaurau / Auckland 2009-2019. 

State of the environment reporting. Auckland Council technical report, TR2021/08.  

Landers, T.J., Bishop, C.D., Holland, K.R., Lawrence, G.R., Waipara, N.W. (2018). Changes in indigenous 

ecosystems and the environment within the boundary of the Waitākere Ranges Heritage Area 

Act 2008: 2012-2017 report. Auckland Council technical report, TR2018/002.  

Landers, T.J., Hill, S.D., Ludbrook, M.R., Wells, S.J., Bishop, C.D. (2019). Avian biodiversity across 

Auckland’s volcanic cone reserves. New Zealand Journal of Zoology 46 (2), 97-106. 

Lee, J. (2020). Landslides triggered by the Tasman Tempest rainfall event, March 2017, in southeast 

Auckland, New Zealand. GNS Science report 2020/29. 

https://www.lawa.org.nz/learn/factsheets/land/land-cover-and-why-it-is-important/
https://lris.scinfo.org.nz/layer/104400-lcdb-v50-land-cover-database-version-50-mainland-new-zealand/
https://lris.scinfo.org.nz/layer/104400-lcdb-v50-land-cover-database-version-50-mainland-new-zealand/


 
Terrestrial biodiversity monitoring in the Waitākere Ranges Heritage Area to 2022 70 

Lee., W., McGlone, M., Wright, E. (2005). Biodiversity inventory and monitoring: a review of national 

and international systems and a proposal framework for future biodiversity monitoring by the 

Department of Conservation. Landcare Research Contract Report LC0405/122 213p. 

Lovegrove, T. (1988). Counts of forest birds on three transects on Kapiti Island 1982-1988. 

Department of Conservation, Wanganui, NZ. 

Lovegrove, T., Parker, K. (in review). Forest bird monitoring in the Waitākere Ranges following possum 

control. Auckland Council. 

Macinnis-Ng, C., Mcintosh, A.R., Monks, J.M., Waipara, N., White, R.S., Boudjelas, S., et al (2021). 

Climate-change impacts exacerbate conservation threats in island systems: New Zealand as a 

case study. Frontiers in Ecology and the Environment, doi:10.1002/fee.2285. 

MacLeod, C.J. (2014). Regional Council Terrestrial Biodiversity Monitoring Framework: Avian 

Representation. Landcare Research. 

https://www.envirolink.govt.nz/assets/Envirolink/Indicator20M320-

20Avian20representation.pdf 

MacLeod, C., Thomson, F., Bellingham, P. (2016). Indicator M16: Change in the abundance of 

indigenous plants and animals susceptible to introduced herbivores and carnivores. In 

Bellingham PJ, Overton JM, Thomson FJ, MacLeod CJ, Holdaway RJ, Wiser SK, Brown M, 

Gormley AM, Collins D, Latham DM, Bishop C, Rutledge D, Innes J, Warburton B (2016). 

Standardised terrestrial biodiversity indicators for use by regional councils. Landcare 

Research Contract Report LC2109. 

Manaaki Whenua Landcare Research (2020). Myrtle rust update: mature native trees now dying. In 

Manaaki whenua – landcare research news. Lincoln: Manaaki Whenua – Landcare Research. 

Available at https://www.landcareresearch.co.nz/news/myrtle-rust-update-mature-native-

trees-now-dying 

Martin, T.J., Ogden, J. (2005). Experimental studies on the drought, waterlogging , and frost 

tolerance of Ascarina lucida Hook . f (Chloranthaceae) seedlings. New Zealand Journal of 

Ecology 29, 53-59. 

Martindale, M., D Hicks and P Singleton (2018). Soil information inventory: Waitākere, Huia, and 

related soils. Auckland Council soil information inventory, SII 25 

Masuda, B.M., McLean, M., Gaze, P. (2014). Changes in passerine populations during ongoing predator 

control at a community-based conservation project: a case study to evaluate presence-

absence surveys. Notornis 61 (2), 75-83. 

McAlpine, K.G., Lamoureaux, S.L., Westbrooke, I. (2015). Ecological impacts of ground cover weeds in 

New Zealand lowland forests. New Zealand Journal of Ecology 39, 50-60. 

McGlone, M., McNutt, K., Richardson, S., Bellingham, P. J. (2020). Biodiversity monitoring, ecological 

integrity, and the design of the New Zealand Biodiversity Assessment Framework. New 

Zealand Journal of Ecology 44(2), 1-12. 

Ministry for the Environment (2021). Climate Change Projections per Region; Ministry for the 

Environment (MfE): Wellington, New Zealand (https://environment.govt.nz/facts-and-

science/climate-change/impacts-of-climate-change-per-region/). 

Mirams, R.V. (1956). Aspects of the natural regeneration of the kauri (Agathis australis Salish). 

Transactions of the Royal Society of New Zealand 84, 661-680. 

https://www.envirolink.govt.nz/assets/Envirolink/Indicator20M320-20Avian20representation.pdf
https://www.envirolink.govt.nz/assets/Envirolink/Indicator20M320-20Avian20representation.pdf
https://www.landcareresearch.co.nz/news/myrtle-rust-update-mature-native-trees-now-dying
https://www.landcareresearch.co.nz/news/myrtle-rust-update-mature-native-trees-now-dying


 
Terrestrial biodiversity monitoring in the Waitākere Ranges Heritage Area to 2022 71 

Miskelly, C.M. (2018). Changes in the forest bird community of an urban sanctuary in response to pest 

mammal eradications and endemic bird reintroductions. Notornis 65 (3), 132-151. 

Monks, J.M., O'Donnell, C.F., Wright, E.F. (2013). Selection of potential indicator species for measuring 

and reporting on trends in widespread indigenous taxa in New Zealand. DOC Research and 

Development Series 338. Department of Conservation, Wellington. 18 p. 

https://www.doc.govt.nz/documents/science-and-technical/drds338entire.pdf 

Moors, P. J. (1985) Norway rates (Rattus norvegicus) on the Noises and Motukawao Islands, Hauraki 

Gulf, New Zealand. New Zealand Journal of Ecology 8, 37-54. 

http://www.jstor.org/stable/24052744. Accessed 22 Sept. 2023. 

Myers, S.C., Court, A.J. (2013). Regeneration of taraire (Beilschmiedia taraire) and kohekohe 

(Dysoxylum spectabile) in a forest remnant on Tiritiri Matangi Island, northern New Zealand. 

New Zealand Journal of Ecology 37 (3), 353-358. 

National Institute of Water and Atmospheric Research (2017). Auckland region climate change 

projections and impacts. Updated in 2018. Auckland Council technical report, TR2017/031-2. 

National Institute of Water and Atmospheric Research (2022). New Zealand Climate Summary, 

National Institute of Water and Atmospheric Research (NIWA): Wellington, New Zealand 

(https://niwa.co.nz/sites/niwa.co.nz/files/2021_Annual_Climate_Summary_NIWA11Jan2022.pdf) 

O’Connor, S. J., Kelly. D. Seed dispersal of matai (Prumnopitys taxifolia) by feral pigs (Sus scrofa). 

New Zealand Journal of Ecology 36 (2) 228-231 

O’Brien, M.J., Engelbrecht, B.M.J., Joswig, J., Pereyra, G., Schuldt, B., Jansen, S., Kattge, J., 

Landhäusser, S.M., Levick, S.R., Preisler, Y., Väänänen, P., Macinnis-Ng, C. (2017). A synthesis 

of tree functional traits related to drought induced mortality in forests across climatic zones. 

Journal of Applied Ecology 54, 1669-1686.  

Ogden, J. (2023). Birds of Aotea: The status of the birds of Aotea Great Barrier Island. Aotea Great 

Barrier Environmental Trust.  

Oksanen, J., Simpson, G., Blanchet, F., Kindt, R., Legendre, P., Minchin, P., O'Hara, R., Solymos, P., 

Stevens, M., Szoecs, E., Wagner, H., Barbour, M., Bedward, M., Bolker, B., Borcard, D., Carvalho, 

G., Chirico, M., De Caceres, M., Durand, S., Evangelista, H., FitzJohn, R., Friendly, M., Furneaux, 

B., Hannigan, G., Hill, M., Lahti, L., McGlinn, D., Ouellette, M., Ribeiro Cunha, E., Smith, T., Stier, 

A., Ter Braak, C., Weedon, J. (2022). _vegan: Community Ecology Package_. R package version 

2.6-4, https://CRAN.R-project.org/package=vegan. 

Paul, T., Kimberley, M.O., Beets, P.N. (2021). Natural forests in New Zealand – a large terrestrial 

carbon pool in a national state of equilibrium. Forest Ecosystems 8, 34-55.  

Payton, I.J., Allen, R.B., Knowlton, J.E. (1984). A post-fire succession in the northern Urewera forests 

North Island, New Zealand. New Zealand Journal of Botany 22, 207-222. 

Pearce, P., Bell, R., Bostock, H., Carey-Smith, T., Collins, D., Fedaeff, N., Kachhara, A., Macara, G., 

Mullan, B., Paulik, R., Somervell, E., Sood, A., Tait, A., Wadhwa, S., Woolley, J.-M. (2018). 

Auckland Region climate change projections and impacts. Revised January 2018. Prepared by 

the National Institute of Water and Atmospheric Research, NIWA, for Auckland Council. 

Auckland Council technical report, TR2017/030-2.  

https://www.doc.govt.nz/documents/science-and-technical/drds338entire.pdf
http://www.jstor.org/stable/24052744
https://niwa.co.nz/sites/niwa.co.nz/files/2021_Annual_Climate_Summary_NIWA11Jan2022.pdf
https://cran.r-project.org/package=vegan


 
Terrestrial biodiversity monitoring in the Waitākere Ranges Heritage Area to 2022 72 

Pearce, H.G., Kerr, J., Clark, A., Mulla, B., Ackerley, D., Carey-Smith, T., Yang, E. (2011). Improved 

estimates of the effects of climate change on NZ fire danger. Ministry of Agriculture and 

Forestry Technical Paper No. 2011/13. MAF, Wellington.  

Peres-Neto, P.R., Jackson, D.A. (2001). How Well Do Multivariate Data Sets Match? The Advantages 

of a Procrustean Superimposition Approach over the Mantel Test. Oecologia 129, 169-178. 

Perry, G.L.W., Wilmshurst, J.M., Ogden, J., Enright, N.J. (2015). Exotic mammals and invasive plants 

alter fire-related thresholds in southern temperate forested landscapes. Ecosystems. DOI: 

10.1007/s10021-015-9898-1. 

Pozner, E., Bar-On, P., Livne-Luzon, S., Moran, U., Tsamir-Rimon, M., Dener, E., Schwartz, E., 

Rotenberg, E., Tatarinov, F., Preisler, Y., Zecharia, N., Osem, Y., Yakir, D., Klein, T. (2022). A 

hidden mechanism of forest loss under climate change: The role of drought in eliminating 

forest regeneration at the edge of its distribution. Forest Ecology and Management 506, 

doi.org/10.1016/j.foreco.2021.119966. 

R Core Team (2022). R: A language and environment for statistical computing. R Foundation for 

Statistical Computing, Vienna, Austria. URL https://www.R-project.org  

Richardson, S.J., Holdaway, R.J., Carswell, F.E. (2014). Evidence for arrested successional processes 

after fire in the Waikare River catchment, Te Urewera. New Zealand Journal of Ecology 38, 

221-229.  

Robertson, H.A., Baird, K.A., Elliott, G.P., Hitchmough, R.A., McArthur, N.J., Makan, T.D., Miskelly, 

C.M., O’Donnell, C.F.J., Sagar, P.M., Scofield, R.P. (2021). Conservation status of birds in 

Aotearoa New Zealand, 2021. New Zealand Threat Classification Series 36. Department of 

Conservation. 

Rolando, A. (2002). On the ecology of home range in birds. Revue d'Ecologie, Terre et Vie 57(1), 53-73. 

Ruffell, J., Didham, R.K. (2017). Conserving biodiversity in New Zealand’s lowland landscapes: does 

forest cover or pest control have a greater effect on indigenous birds? New Zealand Journal of 

Ecology 41 (1), 23-33. 

Ruscoe, W.A., Ramsey, D.S., Pech, R.P., Sweetapple, P.J., Yockney, I., Barron, M.C., Perry, M., Nugent, 

G., Carran, R., Warne, R. (2011). Unexpected consequences of control: competitive vs. predator 

release in a four‐species assemblage of invasive mammals. Ecology Letters 14 (10), 1035-1042. 

Russo, S.E., Jenkins, K.L., Wiser, S.K., Uriarte, M., Duncan, R.P., Coomes, D.A. (2010). Interspecific 

relationships among growth, mortality and xylem traits of woody species from New Zealand. 

Functional Ecology 24, 253-262. 

Schlesselmann, A., Barron, M., Richardson, S., Bellingham, P. (2022). Metrics of ecological integrity 

from managed and unmanaged lowland forests in the Wellington region. Prepared for Greater 

Wellington Regional Council by Manaaki-Whenua Landcare Research. Contract Report 

LC4179.  

Scion (2011). Rural fire research update, November 2011. 

www.ruralfireresearch.co.nz/__data/assets/pdf_file/0019/63901/48389-FutureFireDanger.pdf  

Seward, K.J. (2016). Drought response strategies and sensitivity of indigenous vegetation in the 

Auckland Region. MSc Thesis, University of Auckland, Auckland.  

https://www.r-project.org/
http://www.ruralfireresearch.co.nz/__data/assets/pdf_file/0019/63901/48389-FutureFireDanger.pdf


 
Terrestrial biodiversity monitoring in the Waitākere Ranges Heritage Area to 2022 73 

Simpkins, E., Woolly, J., de Lange, P., Kilgour, C., Cameron, E., Melzer, S. (2022). Conservation status 

of vascular plant species in Tāmaki Makarau / Auckland. Auckland Council technical report, 

TR2022/19.  

Singers, N., Osborne, B., Lovegrove, T., Jamieson, A., Boow, J., Sawyer, J., Hill, K., Andrews, J., Hill, S., 

Webb, C. (2017). Indigenous terrestrial and wetland ecosystems of Auckland. Auckland 

Council.  

Smale, M.C. (2008). Deer impacts on tawa (Beilschmiedia tawa) regeneration. DOC Research and 

Development Series 300. Department of Conservation, Wellington.  

Smale, M.C., Burns, B.R., Smale, P.N., Whaley, P.T. (1997). Dynamics of upland podocarp/broadleaved 

forest on Mamaku Plateau, central North Island, New Zealand. Journal of the Royal Society of 

New Zealand 27, 513-532.  

Smale, M.C., Coomes, D.A., Parfitt, D.L., Pelzer D.A., Mason, N.W.H., Fitzgerald, N.B. (2016). Post-

volcanic forest succession on New Zealand’s North Island: an appraisal from long-term plot 

data. New Zealand Journal of Botany 54, 11-29.  

Smale, M.C., Kimberly, M.O. (1993). Regeneration patterns in montane conifer/broadleaved forest on 

Mt Pureora, New Zealand. New Zealand Journal of Forestry Science 23, 123-141.  

Stephens, J.M.C., Molan, P.C., Clarkson, B.D. (2005). A review of leptospermum scoparium 

(Myrtaceae) in New Zealand. New Zealand Journal of Botany 43, 431-449.  

Stolpmann, L.M., Landers, T.J., Russell, J.C. (2019). Camera trapping of grey-faced petrel 

(Pterodroma gouldi) breeding burrows reveals interactions with introduced mammals 

throughout breeding season. Emu-Austral Ornithology 119 (4), 391-396. 

Sweetapple, P.J., Nugent, G. (2007). Ship rat demography and diet following possum control in a 

mixed podocarp-hardwood forest. New Zealand Journal of Ecology 31, 186-201.  

Temple, S.A., Wiens, J.A. (1989). Bird populations and environmental changes: can birds be bio-

indicators. American Birds 43 (2), 260-270. 

Tennyson, A.J.D., Martinson, P. (2006). Extinct birds of New Zealand. Te Papa Press: Wellington, New 

Zealand. 

Tepley AJ, Veblen TT, Perry GLW, Stewart GH, Naficy C. 2016. Positive feedbacks to fire-driven 

deforestation following human colonization of the South Island of New Zealand. Ecosystems 

19, 1325-1344. 

Thomson, C., Challies, C.N. (1988). Diet of feral pigs in the podocarp-tawa forests of the Urewera 

ranges. New Zealand Journal of Ecology 11, 73-78.  

Tichavský, R., Ballesteros-Cánovas, J.A., Šilhán, K., Tolaz, R., Stoffel, M. (2019). Dry spells and 

extreme precipitation are the main trigger of landslides in central Europe. Science Report 9, 

14560. 

Townsend, A.J., de Lange, P.J., Duffy, C.A.J., Miskelly, C.M., Molloy, J., Norton, D. A. (2008). New 

Zealand Threat Classification System manual. Department of Conservation Science and 

Technical Publication. https://www.doc.govt.nz/documents/science-and-

technical/sap244.pdf 

Trenberth, K. (2023). El Niño combined with global warming means big changes for New Zealand’s 

weather. The Conversation. https://theconversation.com/el-nino-combined-with-global-

warming-means-big-changes-for-new-zealands-weather-207493 Accessed June 2023. 

https://www.doc.govt.nz/documents/science-and-technical/sap244.pdf
https://www.doc.govt.nz/documents/science-and-technical/sap244.pdf
https://theconversation.com/el-nino-combined-with-global-warming-means-big-changes-for-new-zealands-weather-207493
https://theconversation.com/el-nino-combined-with-global-warming-means-big-changes-for-new-zealands-weather-207493


 
Terrestrial biodiversity monitoring in the Waitākere Ranges Heritage Area to 2022 74 

Veltman, C. (2000). Do indigenous wildlife benefit from possum control. in: T.L. Montague (ed). The 

Brushtail Possum. Biology, Impact and Management of an Introduced Marsupial. Manaaki 

Whenua Press, Lincoln, New Zealand, 241-250. 

Weiner, J., Freckleton, R. P. (2010). Constant final yield. Annual Review of Ecology, Evolution and 

Systematics 41, 173-192.  

Williams, P.A., Cameron, E.K. (2006). Creating gardens: the diversity and progression of European 

plant introductions. In R.B. Allen, W.G. Lee, eds. Biological invasions in New Zealand. 

Ecological Studies 186. Berlin and Heidelberg, Springer. pp. 33-48.  

Wiser, S.K., Buxton, R.P., Clarkson, B.R., Hoare, R.J.B., Holdaway, R.J., Richardson, S.J., Smale, M.C., 

West, C., Williams, P.A. (2013). New Zealand naturally uncommon ecosystems. In J.R. Dymond 

ed. Ecosystem Services in New Zealand – conditions and trends. Manaaki Whenua Press, 

Lincoln, New Zealand. 

Worthy, T.H., Holdaway, R.N. (2002). The Lost World of the Moa: Prehistoric Life of New Zealand. 

Canterbury University Press: Christchurch. 

Wurtzebach, Z., Schultz, C. (2016). Measuring Ecological Integrity: History, Practical Applications, and 

Research Opportunities. BioScience 66 (6) 446-457. 

Wyse, S.V. (2012). Growth responses of five forest plants to the soils formed beneath New Zealand 

kauri (Agathis australis). New Zealand Journal of Botany 50: 411-421. 

Wyse, S.V., Burns, B.R. (2013). Effects of Agathis australis (New Zealand kauri) leaf litter on 

germination and seedling growth differs among plant species. New Zealand Journal of Ecology 

37, 178-183.  

Wyse, S.V., Macinnis-Ng, C.M.O., Burns, B.R., Clearwater, M.J., Schwendenmann, L. (2013). Species 

assemblage patterns around a dominant emergent tree are associated with drought 

resistance. Tree Physiology 33, 1269-1283.  

Wyse SV, Perry GLW, O’Connell DM, Holland PS, Wright MJ, Hosted CL, Whitlock SL, Geary IJ, Maurin 

KL, Curran TJ. 2016. A quantitative assessment of shoot flammability for 60 tree and shrub 

species supports rankings based on expert opinion. International Journal of Wildland Fire 

25(4), 466-477. 

Wyse, S.V., Wilmshurst, J.M., Burns, B.R., Perry, G.L. (2018). New Zealand forest dynamics: a review of 

past and present vegetation responses to disturbance, and development of conceptual forest 

models. New Zealand Journal of Ecology 42/doi: 10.20417/nzjecol.42.18. 

Yukich Clendon OMM, Carpenter JK, Kelly D, Timoti P, Burns BR, Boswijk G and Monks A (2023) 

Global change explains reduced seeding in a widespread New Zealand tree: indigenous Tuhoe 

knowledge informs ¯ mechanistic analysis. Frontiers in Forests and Global Change 6:1172326 

Young, L.M., Kelly, D., Nelson, X.J. (2012). Alpine flora may depend on declining frugivorous parrot for 

seed dispersal. Biological Conservation, 147 (1), 133-142. 



 
Terrestrial biodiversity monitoring in the Waitākere Ranges Heritage Area to 2022 75 

 

7 Appendix: Plant species list 
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	Executive summary
	The Waitākere Ranges Heritage Area Act 2008 recognises the ecological and cultural significance of the Waitākere Ranges which covers approximately 27,000 ha and contains one of the two largest blocks of continuous vegetation in the Auckland region (c. 21,000 ha). The Act requires Auckland Council to monitor and report on the state of the environment within the Heritage Area every five years. This technical report provides empirical analysis on land cover change, and plant and bird biodiversity collected from systematic long-term monitoring of permanent plots in the Heritage Area from 2009 to 2022.  
	Analysis of land cover, forest canopy cover, and landslides highlight the continued dominance of indigenous vegetation, comprising 81 to 85 per cent (22,000 ha) of the Heritage Area. Forest and scrub/shrubland are the primary land cover classes, occupying 62 per cent and 22 per cent of the land area, respectively. At this broad scale, land cover classes have shown relative stability over a six-year period (2012-2018).
	Landslide analysis (of aerial images from 2022) revealed a significant number of landslides (more than 150) in the Waitākere Ranges Regional Park, triggered by intense rainfall in August 2021. These mainly small (average of 0.1 ha) shallow slides and debris flows, have caused vegetation loss, affecting approximately 18 hectares of forest in total. The majority of impacted forest comprises mature kauri-podocarp-broadleaved forest. Satellite images taken after the 2023 Auckland Anniversary Weekend floods and Cyclone Gabrielle show even more extensive landslips throughout the forest but were outside the period of this reporting. They are being analysed for a separate technical report and highlight potential cumulative impacts with increasing rates of intense rainfall triggered multiple-occurrence landslide events in natural forests. Further research and monitoring are necessary to fully understand the causes, ecological processes, and biodiversity impacts of these landslides.
	Forest in the Heritage Area continues to recover from widespread earlier disturbance from logging, burning, gum digging and clearance for farming, most of which occurred prior to the 1940s. The most disturbed areas are now in regenerating forest types which make up 42 per cent of the forested area. Areas that were less disturbed or unlogged are classed as warm kauri-podocarp-broadleaved forest and make up 45 per cent of the forest area. Both warm kauri-podocarp-broadleaved forest and regenerating forest are highly diverse, dominated by indigenous plants and following expected successional pathways. 
	The Heritage Area also supports a diverse range of bird species. The most commonly counted birds were indigenous species, with half of all the birds counted being of endemic New Zealand species. There were significantly fewer introduced species encountered within the Heritage Area compared to many other sites across the region, indicating how important the Waitākere habitat is for supporting indigenous biodiversity. Conspicuousness of indigenous species abundance has increased over the last ~10 years, including rises in the abundance of tauhou, riririro, pīwakawaka, and korimako.
	The high ecological integrity of forest and high percentage of indigenous birds, with notable increases in some species, within the Heritage Area arises partly from the large, unfragmented and continuous characteristics of the forest, and from ongoing management to limit weed and pest pressures. There remain areas of concern, however, arising from the current and potential future impacts of pest animals, plant pathogens, weeds, and climate change. Recent extremes in drought and rainfall events generating wilting of some plant species and progressively weakening soils triggering widespread landslides show how rapidly climate change may impact forest processes and emphasise the need to continue working to protect and support the forest ecosystems to continue their own regeneration. 
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	1 Introduction
	1.1 This report

	The Waitākere Ranges Heritage Area Act 2008 covers the area known as Te Wao Nui o Tiriwa/Waitākere Ranges and recognises its ecological and cultural significance. The Waitākere Ranges Heritage Area covers approximately 27,000 ha and contains one of the two largest blocks of continuous vegetation in the Auckland region (c. 21,000 ha). The Heritage Area includes all of the Waitākere Ecological District, and small parts of Tāmaki and Kaipara Ecological Districts. The vegetation within the Heritage Area is characterised by a diverse mix of different indigenous ecosystems, which collectively provide extensive habitat for a wide range of indigenous plants, birds, reptiles, and invertebrates. The Heritage Area is of particular significance due to the intact sequences of vegetation from the coast up to the summits of the inland hills, the wild nature of its coastal ecosystems, and distinctive associations of wetland and dune lake systems. Ecosystems within the Heritage Area are home to almost a quarter of New Zealand’s indigenous flowering plant species and three-quarters of all indigenous fern species. 
	While the Waitākere Ranges represent an area of high ecological value as described above, the impacts of past and current pressures are visible with a history of disturbance and regeneration. Arrival of Māori, saw the start of land clearance through burning and from the 1840s, larger areas were cleared for extraction of timber, kauri-gum and farming. Humans brought not only harvesting and disturbance to the Heritage Area, but also hunting, pest animals, plant pathogens, exotic plants, and changing climate. More recently, two plant pathogens have been detected within the Heritage Area, Kauri dieback, caused by the pathogen Phytophthora agathicida, and Myrtle rust, caused by the fungal pathogen Austropuccinia psidii specific to Myrtaceae (Auckland Council 2020).
	Climate change is expected to increase the frequency and severity of drought and storm events in the Auckland region (Pearce et al 2018). There is little knowledge on how changes in climate will impact the ecological integrity of Auckland’s forests directly, but it is widely agreed that existing problems with invasive plants and pest animals will be exacerbated (Bishop and Landers 2019, Macinnis-Ng et al 2021). 
	With regard to drought events, elevated stress from prolonged low soil moisture will impact indigenous forest flora and fauna. There are few predictive traits for drought-induced mortality; but small trees are considered more susceptible than larger trees, and forests on steeper ridges and slopes are more susceptible, which is where the least disturbed forest is more likely to be found (Russo et al 2010, O’Brien et al 2017). In the Auckland region, species such as taraire (Beilschmiedia taraire), kanono (Coprosma autumnalis) and māhoe (Melicytus ramiflorus) are considered particularly drought sensitive (Bannister 1986, Martin and Ogden 2005, Myers and Court 2013, Wyse et al 2013). Anecdotal evidence suggests taraire showed high dieback and mortality on Auckland’s east coast during the droughts of 2012-13 and 2020.
	Seedling recruitment of forest species can be particularly sensitive to drought. Within the Waitākere Ranges, seedlings categorised as drought sensitive include whauwhaupaku (Pseudopanax arboreas), karamū (Coprosma robusta), hangehange (Geniostoma ligustrifolium var ligustrifolium), māhoe, mapou (Myrsine australis), kawakawa (Piper excelsum), pūriri (Vitex lucens), rewarewa (Knightia excelsa), and kōwhai (Sophora microphylla) (Seaward et al 2016). Tawa (Beilschmiedia tawa) seedling recruitment has also been identified as drought sensitive (Knowles and Beveridge 1982). Drought-related impacts on seedling recruitment can result in failure or compositional changes in forest regeneration (Pozner et al 2022).
	Drought may also increase wildfire hazard in Auckland, especially in regenerating forests that contain more fire-prone species or are more prone to drying out due to more exposed structure and potentially change successional trajectories by favouring fire-adapted non-indigenous taxa (Atkinson 2004, Perry et al 2015).
	Increasing frequency and severity of drought and high rainfall events causes shrinking and swelling in Auckland’s clay-rich soils leading to progressive weakening, and increased likelihood of landslides (Tichavský et al 2020, Brown et al 2003). Landslides are a natural disturbance process that can lead to compositional changes in the vegetation of our indigenous forests. However, landslides are increasing in frequency and scale in response to climate change in Auckland as evidenced by the number and coverage of landslides following extreme storm events in March 2017 (Lee 2020), August 2021 (Section 2 this report) and January 2023 (under analysis) . While landslides may provide opportunities for natural forest regeneration processes, including the regeneration of some species, they also can destroy mature forest and provide opportunities for infestation by exotic plant species and weeds. 
	The Waitākere Ranges Heritage Area Act 2008 requires Auckland Council to monitor and report on the state of the environment within the Heritage Area every five years. The third five-yearly report, the Waitākere Ranges Heritage Area five-year monitoring report 2023, covers the reporting period 2017-2022. Previous technical reports to support the State of the Waitākere Ranges five-year monitoring report are Bishop et al (2013) for the period 2008-2013 and Landers et al (2018) for the period 2012-2017.
	The 2018 report covered a broad range of environmental and biodiversity indicators. In this round of reporting, many of those indicators and findings (including dunes, wetlands, water quality and aquatic biodiversity) have been reported directly into the wider State of the Waitākere Ranges report as they are already published and accessible either on websites or in reports. This technical report provides empirical analysis of new information included in the main State of the Waitākere Ranges report on land cover change and plant and bird biodiversity collected from systematic long-term monitoring of permanent plots in the Heritage Area.  
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	Understanding the distribution and changes in land cover provides valuable insights into the state and health of ecosystems. In the context of the Waitākere Ranges Heritage Area, a region of significant ecological importance, measuring land cover distribution and change is of importance for sustainable land use planning, biodiversity conservation, and the overall preservation of this unique natural landscape. This area encompasses diverse ecosystems, ranging from indigenous forests and scrublands to rural and urbanised landscapes. The land cover composition and its spatial distribution within the Heritage Area have been influenced by a variety of factors, including historical land use practices, urbanisation, and natural processes. 
	By analysing land cover data from different time periods, we can quantify rates of land cover change, and assess the impacts of human activities and natural disturbances. In addition, understanding of land cover distribution and change contribute to broader environmental assessments, such as monitoring the impacts of climate change, identifying areas at risk of erosion or landslides, and assessing the resilience of ecosystems to disturbances.
	This section aims to provide a detailed analysis of the land cover at different scales (with a focus on the vegetation cover) of the Waitākere Ranges Heritage Area, providing context for the plants and birds sections that follow. 
	Auckland's weak, clay-rich soils are a result of the historical weathering of underlying weak rocks. Within the Waitākere Ranges, the dominant soil types are Waitākere clay soils found on elevated, rolling ridges and plateaus, and Huia stony clay soils on steep bluffy faces (Martindale et al 2018). These soils are associated with the Manukau Group andesite or andesitic breccia, which originated from sea-floor lava flows and lahars during the Miocene epoch, approximately eight to 25 million years ago. The Waitākere Ranges, once a volcanic edifice, have been uplifted from the sea, leaving behind only the eroded eastern flank.
	One important factor affecting the soil in Auckland is the seasonal variation in moisture content. The clay-rich soils in Auckland exhibit high "shrink and swell" properties (Brown et al 2003), which gradually weaken the soil over the course of years and decades. As a result, the soil becomes more susceptible to failure during periods of heavy rainfall. Furthermore, preceding dry spells can increase the predisposition of slopes to sliding, particularly in the case of clay-rich soils (Tichavský et al 2019).
	The frequency and severity of conditions that trigger landslides in the Waitākere Ranges have been increasing, as evidenced by the number of landslides and size of areas affected in recent years, particularly following weather events like the multiple landslide event triggered by the ‘Tasman Tempest’ storm in the Hunua Ranges in March 2017 (Lee 2020). Despite the high vegetation cover and dense canopy, these events highlight the vulnerability of slopes and shallow soils in the Waitākere Ranges, emphasising the need for a better understanding of the soil properties and their relationship to landslide risk. This report makes a first examination of the potential scale of storm derived landslips in the Heritage Area and discusses potential implications.
	The distribution of vegetation cover in the Heritage Area and changes to it are described using various datasets. Each dataset varies in scale (spatial and temporal) and purpose and therefore provides different information about the vegetation in the Heritage Area and how it is changing. This includes: 
	 The Current Ecosystem Extent data describes indigenous terrestrial and wetland ecosystems across Auckland through fine-scale surveys and analysis of aerial imagery. This provides detailed information on the distribution of ecosystem types but as it is not repeated regularly it cannot be used to measure change. 
	 The New Zealand Land Cover Database (LCDB) provides information on vegetation cover through time using nationally consistent methods and categories. The mapping is based on satellite imagery and is useful for broad-scale change analysis. 
	 Auckland Council also collects Light Detecting and Ranging (LiDAR)Light for elevation mapping, and this has been used for fine-scale analysis of vegetation canopy. Repeat surveys enable it to identify and measure change, however, LiDAR does not describe vegetation types and ecosystems.
	 Various high-resolution aerial and satellite imagery used for mapping landslide extents and validating the canopy cover losses.
	 To produce estimates for areas of interest, ancillary geographic boundaries were needed. This includes the WRHA boundary (accessed October 2022), Auckland Unitary Plan (AUP) base zone groups (accessed October 2022) and Significant Ecological Area (SEA) (accessed October 2022).
	The Current Ecosystem Extent data describes the current distribution of indigenous terrestrial and wetland ecosystems across Auckland (Singers and Rogers 2014, Singers et al 2017). Knowledge of the current extent is based on ecological surveys of 2000 sites and previous surveys by Auckland Council, Department of Conservation, Crown Research Institutes, and university academics. Auckland Council continues to refine maps of current extent as new data becomes available. As such, these data cannot be used to measure change. Current ecosystem types do not include the built environment. 
	Analysis of ecosystems is limited to indigenous ecosystem types and excludes exotic ecosystem types mapped in the Heritage Area. Current ecosystem data for the Heritage Area is described using area (ha) or as a percentage (%) of the total area of indigenous ecosystems. 
	Land cover describes the extent of vegetation, built environments, water bodies, and bare natural surfaces across New Zealand. It is an important measure of environmental change and urban development and is used for policy, research, environmental reporting, and decision-making at national and regional level.
	Land cover for the Auckland region was measured using the New Zealand Land Cover Database (LCDB) (Landcare Research 2020). The LCDB is based on an analysis of satellite imagery and is funded by central government. The LCDB is suitable for analysis of gross changes in land cover at 5-10-year time scales, and for spatial resolutions of around 1 ha or more. The latest version of the Database is version 5. This contains land cover data as of summer 2018/19 (nominally referred to as 2018) and enables change assessment to be made across five timestamps between 1996 and 2018. These data represent the latest change information available in the LCDB and was not available for inclusion in the 2018 Heritage Area reporting.
	Analysis of land cover in the Heritage Area was summarised across the Land, Air, Water Aotearoa (LAWA) 12 medium-level classes and six broad-level classes. The LAWA classes were useful for summarising the LCDB due to the broad scale of the mapping. Where changes existed, lower order classes were used to provide detail.
	Current land cover data for the Heritage Area was described using area (ha) or as a percentage (%) of the total land area in the Heritage Area to indicate the relative dominance of each land class. Change over time was presented as both an area changes in hectares (ha) and as a proportional (%) change (the area change expressed as a proportion of the 1996 area) for each land cover class. The trend information showed the extent to which the land cover classes had either increased, decreased, or remained unchanged in an area over the monitoring period (i.e., 1996 to 2018). Trend data was presented for both broad and medium land cover classes.
	We undertook canopy cover current state and change estimates across the Heritage Area drawing on aerial LiDAR survey data from two time periods. 
	To examine current canopy cover LiDAR data from 2016-2017 (Table 1) was processed from raw LiDAR point clouds to a raster-based canopy height model (CHM) using methods described in Golubiewski et al (2021). To examine losses, LiDAR data from 2013 and 2016-2017 were processed using a modified CHM method.
	The key difference was that the former was classified into height classes and was limited to canopy three metres or greater in height, whereas the latter was not classified into height classes and included vegetation below three metres in height.
	Table 1: LiDAR datasets and associated acquisition specifications.
	To identify losses, the two CHMs were subtracted from each other, yielding a difference model. This resulted in a detailed output sensitive to small differences in height. Quality control measures such as data filtering, outlier removal, and careful co-registration were used to minimise errors and improve overall accuracy. 
	The difference model was filtered to only include height reductions five m or greater. This output was then converted from raster to polygon format to form contiguous patches of loss. Another filter was applied to only include loss patches (polygons) of 20 m2 or greater. The resultant layer was manually reviewed to identify false positive detections, resulting in 56 per cent of all polygons being removed. 
	These false positive detections were the result of both systematic error and random error. Systematic errors resulted from vertical bias in the height models caused by differences in the positioning and orientation of the LiDAR sensors between the two datasets, leading to an overall shift in the elevation data. This type of error resulted in narrow segments on the edges of the crowns (possibly because of varying sensor viewing angles and lower point density of the 2013 dataset that was less sensitive to detecting crown edges and may have underestimated crown extent). Random errors, on the other hand, were unpredictable and vary from detection to detection. These errors were caused by factors such as complex terrain, noise in the data, atmospheric conditions, and variations in instrument performance.
	Analysis of the spatial distribution of current canopy cover (2016-2017) and the changes (losses) between 2013 and 2016-2017, was described by area (in hectares) for the total Waitākere Ranges Heritage Area, as well as the dominant AUP base zone groups and Significant Ecological Areas (SEAs) within the Heritage Area using the Spatial Analyst tools in ArcPro.
	A torrential downpour event across west Auckland on the night of 30th-31st August 2021 resulted in landslides, flooding and damage to homes and infrastructure. The rainfall was caused by a slow-moving low-pressure system that combined with a ridge of high pressure near the South Island and led to an increased thermal gradient over the Auckland region with persistent rainfall across the Waitakere Ranges (National Institute of Water and Atmospheric Research 2022). Watercare rain gauges in catchments above the Waitākere and Huia dams recorded between 220 mm and 270 mm of rain in a 12-hour period on Monday and Tuesday. These catchments normally receive between 150 mm and 170 mm of rain in the entire month of August.
	High-resolution aerial and satellite imagery was used to map landslides in the Waitākere Ranges Regional Park (Table 2). Google Earth Pro (Google n.d.) was used as a preliminary check to determine the timeframe and extent of landslides using the time slider tool. Locally sourced post-event high-resolution imagery (2022) was then used to identify and map visible landslides and reference imagery (2017) was used to view the pre-event conditions.
	Table 2: Imagery datasets and associated acquisition specifications.
	Landslides in the Heritage Area were initially mapped using points placed at the top (point of highest elevation) of the landslide to record their location. The dataset contained extents of shallow landslide scars visible in the 2022 aerial imagery in the Waitākere ranges. Slips were mapped to include the area of bare soil and debris. Aerial imagery was visually assessed to identify landslides at approx. 1:5000 scale and mapped at approx. 1:2000 scale, therefore many small and narrow slips (<100m2 and/or 20m width) will not have been captured due to lack of visibility. As a result, the extent of slips will be underrepresented due to canopy overhang, and many small slips missed altogether due to no obvious canopy gaps forming. Ecosystem information used to describe the vegetation lost from landslide areas was extracted from the Current Ecosystem Extent data. 
	Since the 2018 report (Auckland Council 2018), there have been no significant updates to the ecosystem extent mapping and therefore the results remained unchanged.
	Within the Heritage Area, 30 indigenous ecosystem types were present, covering approximately 21,300 ha of indigenous habitat (approximately 81% of the total Heritage Area). This is one of the largest blocks of contiguous indigenous vegetation remaining in Auckland (Auckland Council 2015). 
	Forest and scrub ecosystems were the most prevalent indigenous vegetation types, constituting 94 per cent of the total area of indigenous ecosystems. The remaining 6 per cent consisted of non-forest indigenous vegetation, including wetlands, mangroves, and grass and sedge-covered dunes.
	The dominant forest type within the Heritage Area was kauri-podocarp-broadleaf forest, which contributed nearly 45 per cent of all indigenous ecosystems (Table 3, Fig. 1). This diverse forest type exhibits a variety of canopy and sub-canopy species, with kauri primarily found on ridge-crests and slopes, and broadleaved species more abundant in gullies. Podocarp species like rimu, tōtara, miro, kahikatea, and tānekaha are widespread. Other significant forest and scrub types included manuka-kanuka scrub (17% of total), broad-leaved scrub and forest (13% of total), and kanuka scrub and forest (12% of total) (Table 3, Fig. 1). Collectively, these four dominant ecosystems accounted for over 88 per cent of the indigenous ecosystems in the Heritage Area. Five additional indigenous ecosystems each covered one to 3 per cent of the total indigenous ecosystem area, encompassing less common forest types, as well as duneland and cliff ecosystems (Table 3, Fig. 1). The remaining 21 ecosystem types comprised less than 1 per cent of the total area each and consisted of rare forest types and wetland ecosystems (Table 3, Fig. 1).
	Table 3: Description and approximate area of indigenous ecosystem types (Singers er al 2017) in the Waitākere Ranges Heritage Area. These ecosystems are mapped in Figure 1.
	Per cent of total indigenous ecosystem area
	 Approx. total area (ha) 
	Ecosystem name (code)
	45.5%
	              9,695 
	Kauri, podocarp, broadleaved forest (WF11)
	17.1%
	              3,639 
	Mānuka, kānuka scrub (VS3)
	13.4%
	              2,861 
	Broadleaved scrub/forest (VS5)
	12.4%
	              2,644 
	Kānuka scrub/forest (VS2)
	2.9%
	                   617 
	Tawa, kohekohe, rewarewa, hīnau podocarp forest (WF13)
	2.5%
	                   536 
	Coastal broadleaved forest (WF4)
	1.5%
	                   314 
	Spinifex, pīngao grassland/sedgeland (DN2)
	1.2%
	                   256 
	Dune plains (DN5)
	1.0%
	                   207 
	Kauri forest (WF10)
	0.9%
	                   196 
	Pōhutukawa treeland/flaxland/rockland (CL1)
	0.3%
	                      72 
	Raupō reedland (WL19)
	0.3%
	                      60 
	Mānuka dominated scrub (VS3.2)
	0.3%
	                      59 
	Taraire, tawa, podocarp forest (WF9)
	0.2%
	                      39 
	Treeland (TL)
	0.2%
	                      32 
	Machaerina sedgeland (WL11)
	0.1%
	                      28 
	Hebe, wharariki, flaxland/rockland (CL6)
	0.1%
	                      19 
	Planted vegetation (PL)
	0.1%
	                      12 
	Gumland (WL1)
	 <0.1%
	                         8 
	Coastal turf [Herbfield] (SA5)
	 <0.1%
	                         5 
	Kahikatea, pukatea forest (WF8)
	 <0.1%
	                         2 
	Fire induced gumland heath (WL1.2)
	 <0.1%
	                         2 
	Mangrove forest and scrub (SA1.2)
	 <0.1%
	                         1 
	Oioi restiad rushland/reedland (WL10)
	 <0.1%
	                         1 
	Flaxland (WL18)
	 <0.1%
	                         <1 
	Dune slack [Herbfield] (DN5.2)
	 <0.1%
	                         <1 
	Kahikatea forest (MF4)
	 <0.1%
	                         <1
	Mangrove forest scrub (SA1)
	 <0.1%
	                         <1
	Mānuka, tangle fern, scrub, fernland (WL12)
	 <0.1%
	                         <1  
	Saltmarsh – Sea rush oioi (SA1.3)
	 <0.1%
	                         <1
	Coastal lakeshore turf [Herbfield] (WL15.1)
	/
	Figure 1: Vegetation map of current indigenous ecosystem extent distribution in the Heritage Area (excluding exotic ecosystem types), based on Singers et al (2017).
	Over 85 per cent, or 22,000 hectares, of the land cover in the Heritage Area was indigenous vegetation (including indigenous forest, indigenous scrub/shrubland, and other herbaceous vegetation classes) as mapped in the LCDB in 2018. The remaining land cover was associated with rural production (12% of total) and urbanised areas (3% of total) (Figure 2).
	Figure 2: Land cover distribution in the Waitākere Ranges Heritage Area based on the LCDB (Landcare Research, 2020). Land cover is shown in the broad class level as used in the LAWA (Land Air Water Aotearoa, 2021) reporting.
	Using the broad land cover classes (Table 4), the land cover in the Heritage Area was dominated by forest (62% of land area), and scrub/shrubland (22% of land area). Grassland/other herbaceous vegetation, occupied 11 per cent of the Heritage Area land area. Urban/bare/lightly-vegetated surfaces, which include urban areas, and cropland occupied four and 1 per cent of the Heritage Area, respectively. 
	The medium land cover classes, provide a more detailed picture of the land cover in the area (Table 4). In the Heritage Area, Indigenous Forest (60% of the land area) accounts for almost the entire area of forest, the remaining area is occupied by exotic forest (1% of the land area) (Table 4). Similarly, the area of scrub/shrubland cover in the Heritage Area is predominantly indigenous scrub/shrubland (22% of land area) (Table 4). Exotic grassland (10% of land area) accounts for most of the area of grassland/other herbaceous vegetation (Table 4). The area of urban/bare/lightly vegetated surfaces is almost entirely comprised of urban area (3% of the land area) (Table 4).
	Table 4: Land cover state in the Heritage Area (2018) based on LCDB (Landcare Research, 2020). Land cover is summarised using the LAWA Broad and Medium class levels. Area is expressed in hectares and as expressed as a proportion of the total Heritage Area.
	Areas of the dominant land cover classes in the Heritage Area have been relatively stable between 2012 and 2018 (6 years) (Table 5). Using the broad land cover classes, changes comprised a total of less than one ha. This change was the result of a decrease in scrub/shrubland (0.61 ha) and cropland (0.03 ha) and area accounted for in the increase in area of urban/bare/lightly-vegetated surface (0.64 ha). 
	There were slightly more changes in area of broad land cover types detected by the LCDB from 1996 to 2018 (22 years) (Table 5). The greatest of these was an increase in cropland by 11.6 ha and an increase in water bodies of 5.9 ha. The distribution of other land cover types, however, has not changed by more than 2 per cent over this time period (Table 5).,
	Table 5: Land cover change in the Heritage Area between 2012 and 2018, and 1996 and 2018 based on LCDB (Landcare Research, 2020) using the LAWA broad class levels. Change is expressed as a proportion of the initial reference area.
	The most recent canopy cover estimate in the Heritage Area is 76 per cent (derived from 2016-2017 LiDAR data) (Fig. 3). 
	/
	Figure 3: Current canopy distribution in the Heritage Area. Map shows the 2016-2017  Canopy Height Model derived from LiDAR.
	Canopy cover varies by the underlying Auckland Unitary Plan zoning across the Heritage Area. The dominant zones (>99% of total land area) in the Heritage Area are Public Open Space (68%), Rural (24%), Residential (4%) and General (3%) zones. All other zones only make up 0.4 per cent of the Heritage Area. The canopy cover across the zone groups ranges from 56 per cent in general zones (such as roads and water) to 84 per cent in Public Open Space (which includes the Waitākere Ranges Regional Parks and various reserves), while Residential and Rural zones have 59 per cent and 69 per cent canopy cover respectively (Figure 4). 
	/
	Figure 4: Canopy cover 3 m in height or greater (2016-2017 ) by Auckland Unitary Plan (AUP) base zone groups in the Heritage Area.
	The estimated distribution of canopy height also varies among the zones (Figure 5). All zones follow the same general pattern, whereby the canopy surface is skewed toward the lower height classes (3 m to 5 m and 5 m to 10 m) comprising 60 per cent of the canopy surface area; this tapers off towards the higher height classes (Figure 5). However, there are some height classes that diverge more than others. The greatest difference in proportions of the canopy among height classes is in the 5 to 10 m class. Public Open Space and General zones have higher proportions in the 5 m to 10 m, indicative of lower stature regenerating forest types common in the Heritage Area (see Section 3.2.1). It is important to note that the height distribution describes only the canopy surface area on a per-pixel basis; it does not describe the height classes of crowns or individual trees. While it does describe the height of the tree canopy overall (akin to a blanket that would lie across the top surface of all the trees), it is not an accurate substitute for forest structure or height class distribution, as high height classes are underestimated (i.e., tall trees have area present in the lower height classes in addition to their maxima) and low height classes are overestimated (i.e., some of the area present in lower height classes actually belongs to tall trees). 
	/
	Figure 5: Canopy area height distribution (2016-2017 ) by Auckland Unitary Plan (AUP) base zone groups in the Heritage Area.
	Comparison of the CHMs developed for 2013 and 2016-2017  detected thousands of small canopy loss events across the Heritage Area (Figure 6). This totalled 50 hectares of canopy loss (with no vegetation 3 m or over remaining), equivalent to 0.2 per cent of the total land area in the Heritage Area reducing in canopy cover.
	/
	Figure 6: Spatial distribution of canopy losses between 2013 and 2016-2017 in the Heritage Area.
	As with canopy cover and height class distributions, canopy loss (with no vegetation 3 m or over remaining) varies across the Heritage Area by zone (Figure 7). Despite making up a quarter of the total land area in the Heritage Area, a large share of the total losses was identified in Rural zones (31 ha) (Figure 7). The remaining losses were found in Residential (9 ha), Public Open Space (8 ha), and General zones (2 ha). As a proportion of the total land area in each zone Residential zones experienced the most significant loss (0.8%), followed by Rural (0.5%), General (0.3%) and Public Open Space (0.05%) (Figure 7).
	/
	Figure 7: Canopy loss between 2013 and 2016-2017 measured in hectares across the dominant Auckland Unitary Plan (AUP) zone groups in the Heritage Area.
	The AUP Significant Ecological Overlay is designed to protect ecological areas through requirement of resource consent to permit vegetation clearance. Most of the regional parkland (designated as public open space) in the Heritage Area is under SEA protection and therefore it is no surprise that most losses (96%) here are in SEAs (Figure 8). 
	Typical examples of canopy loss in residential zones were deliberate vegetation clearance associated with developments and property maintenance (landscaping, powerline maintenance, etc), whereas losses in rural zones were associated with harvesting plantation forests, removal of dead or dying trees, removal of shelter belts, and various other maintenance activities. It is not known if the losses are more prevalent in indigenous or exotic vegetation for each zone. 
	However, comparison of losses with aerial imagery indicated that canopy loss in the Heritage Area (particularly the public open space) was not solely a result of human activities and land use changes. Natural succession and competition, disturbances, senescence (aging), and disease also contributed to the loss of canopy cover. Further research is needed to quantify and understand the causes and legality of losses.
	/
	Figure 8: Proportion of complete canopy loss (understory 3 m or over remains) inside and outside Auckland Unitary Plan Significant Ecological Areas (AUP SEAs) inside the Heritage Area.
	We identified a substantial number of landslides (exceeding 150) across the Waitākere Ranges Heritage Area triggered by the August 2021 rainfall event. The average area of these landslides (mapped from 2022 aerial imagery) was 0.1 ha and the largest measured 1.8 ha. Most landslides were small shallow slides and flows in dense indigenous forests. The landslides were not evenly distributed across the study area, with the majority located in the south-facing catchments, around the Upper Huia and Upper Nihotupu Reservoirs (Figure 9). A preliminary assessment of the Auckland Council aerial image catalogue dating back to the early 2000s showed no evidence of other multiple-occurrence shallow landslide events prior to 2021, which had been uncommon until recently. 
	Although further research and monitoring will be necessary to discern the causes and overall impacts on biodiversity of these landslides, it is apparent that a significant amount of vegetation loss has occurred, with approximately 18 ha of forest being affected, predominantly consisting of mature kauri-podocarp-broadleaved forest (75%). 
	/
	Figure 9: Map showing the distribution of landslides triggered by rainfall in August 2021 in the Heritage Area.
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	Prior to human arrival the Heritage Area was covered in forest, dominated by kauri (Agathis australis), podocarp, and broadleaved canopy species. In addition, pōhutukawa (Metrosideros excelsa) were common in coastal areas, emergent northern rātā (Metrosideros robusta) frequent in kauri forest and kahikatea (Dacrycarpus dacrydioides) clustered in wetter areas (Esler 1983). Forests of the Heritage Area probably formed a shifting mosaic of patches resulting from asynchronous but regular disturbance events (Coomes and Allen 2007) over timescales of hundreds to thousands of years. 
	The recent history of the Heritage Area is one of disturbance and regeneration. With the arrival of Māori, forest along the west and south coast of the Heritage Area was repeatedly burnt up to one kilometre inland (Esler 1983). From the 1840s, colonising pākeha used the Heritage Area for extraction of timber and kauri-gum and cleared and burnt forest for farming. These anthropogenic activities produced a mosaic of unlogged, selectively logged, burnt, and cleared patches across the Heritage Area (Esler and Astridge 1974, Esler 1983). There are no data quantifying areas of land converted to pasture or subjected to different levels of logging, burning, or clearing from that time. Aerial imagery from the 1940s shows numerous large patches of pasture and thinned forest. Gradually, and especially since the 1940s when farming was largely abandoned, logging stopped and increasing areas of the Heritage Area protected, allowing widespread forest regeneration (Denyer et al 1993). 
	Humans brought not only harvesting and disturbance to the Heritage Area, but also hunting, pest animals, plant pathogens, exotic plants, and changing climate (Denyer et al 1993, National Institute of Water and Atmospheric Research 2017). Consequently, forest regeneration has occurred in an altered environment; one in which the dispersal of seeds of many broadleaved canopy and emergent conifers is more limited because of reductions in the populations of their bird dispersers, where pest animals consume seeds, seedlings, flowers, buds, leaves, stems and new growth of palatable plant species, where plant pathogens causing kauri dieback and myrtle rust threaten some of the most iconic and abundant tree species, where indigenous plant species must compete with exotic species, and where weather patterns have been shifting towards more droughts and more intense rainfall events. Given the scale of anthropogenic influence, it is not clear that forest regeneration can follow the expected successional pathways of forest types previously dominant in the Heritage Area (Wyse et al 2018). Arrested successional pathways are frequently attributed to the absence of seed sources of fleshy-fruited broadleaved canopy and conifer species, absence or low frequency of bird mediated seed-dispersal and/or the consumption of palatable seedlings by introduced mammalian herbivores.
	Analysis of forest plots in Te Urewera (250km south-east of the Heritage Area) concluded that successional processes were arrested in fire-induced communities dominated by kānuka (Kunzea species), treeferns, rewarewa (Knightia excelsa) and kāmahi (Weinmannia racemosa) which all showed minimal compositional change over 30 years, especially of canopy species (Payton et al 1984, Richardson et al 2014). This arrested succession was attributed to deer grazing on palatable broadleaved canopy species. 
	Deer and goats are absent from the Heritage Area but brushtail possum (Trichosurus vulpecula), feral pig (Sus scrofa), ship rat (Rattus rattus) and Norway rat (Rattus norvegicus) are present, and all consume plants to varying degrees (Fitzgerald 1976, Thomson and Challies 1988, Daniel 1973, Sweetapple and Nugent 2007). By the 1990s, populations of possum were high enough to have caused significant damage to canopy and seedling populations of northern rātā and other species in the Heritage Area (Denyer et al 1993, Buddenhagen et al 1995). Since then, multiple operations, but notably Operation Forest Save, have annually suppressed possum numbers to between 0.6 and 6.6 per cent residual trap catch (the number of possums caught per 100 trap nights, Lovegrove and Parker in review). For feral pigs in podocarp-tawa forest in Te Urewera, plant material composed 72 per cent of their diet, with the fleshy fruits of tawa and hīnau (Elaeocarpus dentatus) forming a large component of their diet (Thomson and Challies 1988). Plant matter, including seeds, fruit and leaves, form more than 70 per cent of ship rat diet, with seeds of nīkau (Rhopalostylis sapida), hīnau and miro (Podocarpus ferrugineus) commonly consumed (Daniel 1973, Sweetapple and Nugent 2007). 
	Within the Heritage Area are two plant pathogens with the potential to disrupt forest composition, structure and ecosystem function (Jo et al 2022). Kauri dieback, caused by the pathogen Phytophthora agathicida, is a lethal soil-borne root rot disease of kauri (Agathis australis). Kauri dieback was first detected in the Heritage Area in 2006 and as of 2021, P. agathicida is distributed around the periphery of the Waitakere Ranges, with two areas of elevated detection in the north and mid-west of the Heritage Area (Froud et al 2022). Myrtle rust, caused by the fungal pathogen Austropuccinia psidii specific to Myrtaceae, arrived in New Zealand in 2017 and has so far infected 17 native myrtaceous species and killed adult trees of one species (Manaaki Whenua Landcare Research 2020).
	Climate change is expected to elevate temperatures and increase the frequency and severity of drought and storm events in the Auckland region (National Institute of Water and Atmospheric Research 2017). There is little knowledge on how changes in climate will impact the ecological integrity of Auckland’s forests directly, but it is widely agreed that existing problems with invasive plants and pest animals will be exacerbated (Bishop and Landers 2019, Macinnis-Ng et al 2021). With regard to drought events, elevated stress from prolonged low soil moisture will impact indigenous forest flora and fauna. There are few predictive traits for drought-induced mortality; but small trees are considered more susceptible than larger trees, and forests on steeper ridges and slopes are more susceptible, which is where the least disturbed forest is more likely to be found (Russo et al 2010, O’Brien et al 2017). In the Auckland region, species such as taraire (Beilschmiedia taraire), kanono (Coprosma autumnalis) and māhoe (Melicytus ramiflorus) are considered particularly drought sensitive (Bannister 1986, Martin and Ogden 2005, Myers and Court 2013, Wyse et al 2013). Anecdotal evidence suggests taraire showed high dieback and mortality on Auckland’s east coast during the droughts of 2012-13 and 2020. Seedling recruitment of forest species can be particularly sensitive to drought resulting in failure or compositional changes in forest regeneration (Pozner et al 2022). Droughts also may increase wildfire hazard (Pearce 2011), especially in regenerating forests that contain more fire-prone species, maybe dry out more due to physical exposure of structure, and potentially change successional trajectories by favouring fire-adapted non-indigenous taxa (Perry et al 2015, Kitzberger et al 2016). 
	Increasing frequency and severity of drought and high rainfall events may cause shrinking and swelling in Auckland’s clay-rich soils leading to progressive weakening, and increased likelihood of landslides (Tichavský et al 2019, Brown et al 2003). Landslides are a natural disturbance process that can lead to compositional changes in the vegetation of our indigenous forests. However, landslides are increasing in frequency and scale in response to climate change as evidenced by the number and coverage of landslides following extreme storm events in March 2017 (Lee 2020), September 2020 (Section 2) and January 2023 (under analysis). While landslides may provide opportunities for natural forest regeneration processes, including the regeneration of other species, they also can destroy mature forest and provide opportunities for infestation by exotic plant species and weeds.
	Following disturbance, regenerating forest typical of the Heritage Area goes through several developmental stages (Wyse et al 2018). Early successional stages are defined by seedling recruitment, followed by a building phase characterised by a high density of small tree stems. Once the sub-canopy closes, mid-successional stages are defined by a period of intense competition for light during which there is high mortality (competitive thinning) of smaller tree stems. This maturing forest supports a stand basal area (the summed cross-sectional area of trees at 1.35m height per unit forest area) that remains stable (Weiner and Freckleton 2010). With increasing tree growth, this constant stand basal area leads to self-thinning. In late-successional stages, mature forest is characterised by high structural complexity with understorey, sub-canopy, canopy, and emergent trees. Emergent trees are typically kauri or podocarp conifers and the hemi-epiphytic northern rātā. Once forest stands mature, senescence leads to canopy thinning, providing light for seedlings and saplings to establish. Age estimates from broadleaved-podocarp forest in Mamaku Plateau, Waikato, give 80-100 years to reach canopy closure, an average broadleaved canopy turnover time of 200-270 years, while cohorts of conifers are recruited, mature and senesce over longer time frames of > 400 years (Smale et al 1997).
	In the Heritage Area, logging, clearance of the original forest for pasture and repeated burning created eroded soils that were typically colonised by light-demanding, wind-dispersed species such as bracken, mānuka (Leptospermum scoparium) and kānuka (Kunzea robusta) or in coastal areas pōhutukawa. Mānuka is more salt-tolerant and grows well in coastal areas but has a shorter stature than kānuka and will eventually be shaded out in areas where kānuka grows well (Stephens et al 2005). Pōhutukawa dominated communities can persist for several centuries, while kānuka/mānuka dominated communities can progress to more diverse later successional stages over a shorter time period so long as seed is available and herbivore and weed pressures are low (Atkinson et al 2004).  
	Following the establishment of these early pioneer species, succession proceeds with the arrival and establishment of bird-dispersed secondary migrants including mapou (Myrsine australis), mahoe (Melicytus ramiflorus), kohekohe (Didymocheton spectabilis), karaka (Corynocarpus laevigatus), pūriri (Vitex lucens), whauwhaupaku (Pseudopanax arboreus, tānekaha (Phyllocladus trichomanoides) and porokaiwhiri (Hedycarya arborea, Atkinson et al 2004). Also common are the wind-dispersed rangiora (Brachyglottis repanda), akepiro (Olearia furfuracea) and rewarewa (Knightia excelsa). Later successional stages are indicated by the arrival of broadleaved canopy species such as tawa and taraire (Beilschmiedia tarairi) with their large bird-dispersed seeds.
	Kauri and podocarp species often form similar aged cohorts following landscape-scale disturbance (Wyse et al 2018). In the absence of landscape-scale disturbance, more light-demanding species of conifers such as kauri and rimu (Dacrydium cupressinum) will enter the successional pathway by colonising areas after minor disturbances such as landslides or treefalls (Adams & Norton 1991). In the absence of disturbance there may be a compositional shift towards more shade-tolerant conifers such as miro (Prumnopitys ferruginea). Drier sites will favour the light-demanding and drought-tolerant tōtara while moister sites will favour kahikatea (Dacrydium dacrydioides). Although light-demanding podocarps and kauri follow similar successional pathways, their communities often differ driven by the ecosystem engineering effects of kauri. The acidic and nutrient poor soils under kauri favour more stress-tolerant species, including their own seedlings, to create a compositionally and structurally distinct plant community compared to podocarp conifer forest (Wyse 2012, Wyse and Burns 2013, Wyse et al 2018). Tree-ferns (mostly ponga, Cyathea dealbata), mamaku (Cyathea medullaris) and Dicksonia squarrosa in the Heritage Area can be common throughout all successional stages but are more likely to dominate the basal area in younger forest (Smale et al 1997, Brock et al 2017). 
	Using the classifications of Singers et al (2017), Warm Forest (WF) comprises 52 per cent of indigenous vegetation in the Heritage Area (Table 3). This is composed predominately of Kauri, podocarp, broadleaved forest (WF11), Tawa, kohekohe, rewarewa, hīnau, podocarp forest (WF13) and Kauri forest (WF10). There is also some Pōhutukawa, pūriri, broadleaved forest (WF4) on the coastal fringe. Regenerating forest (VS) comprises 42 per cent of indigenous vegetation in the Heritage Area, composed predominately of Kānuka scrub/forest (VS2), Mānuka/kānuka scrub (VS3) and Broadleaved species scrub/forest (VS5). Warm forest (kauri-podocarp-broadleaved forest) broadly occurs where forest was less intensively logged, and in a few places, unlogged (Esler 1983, Denyer et al 1993). Regenerating forest broadly occurs where forest was cleared for pasture, burnt or intensively logged with removal of large trees (including kauri, kahikatea, rimu, pūriri, miro, totara and matai, Denyer et al 1993). 
	Here we report on the ecological integrity of forest in the Heritage Area using 14 years of data (2009-2022) from Auckland Council’s Terrestrial Biodiversity Monitoring Programme (TBMP) forest plot network. Ecosystems have ecological integrity when all the indigenous plants and animals typical of a region are present, together with the key major ecosystem processes (Lee et al 2005, McGlone et al 2020). We describe the ecological integrity by examining the state and trends in plant species composition and structure from 26 permanent forest plots in the Heritage Area in the context of forest successional dynamics and novel pressures. We examine whether forest is regenerating following expected successional pathways, the presence of Threatened and At Risk plant species, whether we can detect changes in the abundance of those plants vulnerable to pressures including herbivory, plant pathogens and/or climate change, and the relative abundance of indigenous to exotic species. 
	The Terrestrial Biodiversity Monitoring Programme (TBMP) established a network of permanent 20 m x 20 m plots across Tāmaki Makaurau to monitor forest biodiversity using a systematic sampling approach and national protocols (Griffiths et al 2021). Plots were established in alternate 4 km grid squares to measure the state and trends in forest ecological integrity regionally (Tier 1 Regional), in areas of high conservation value (Tier 2, e.g., Waitākere Ranges), and in areas of high conservation intervention (Tier 3, e.g., Ark in the Park). The majority of plots were established between 2009 and 2013 and they were measured every five years, with rotation 1 in 2009-2013, rotation 2 in 2014-2018, and rotation 3 in 2019-2022. Plot visits took place between October to December annually. At each permanent plot, data collection follows the national 20 m x 20 m permanent plot protocol (Hurst et al 2022) with some adaptations (Griffiths et al 2021). Using the national method ensures our forest monitoring follows best practice and is comparable with forest data across New Zealand. For each plot rotation, abundance data was collected for woody species in three size-classes: trees (>1.35m height and >2.5cm diameter at 1.35m height or DBH), saplings (>1.35m height and <2.5cm DBH) and seedlings (<1.35m height and <2.5cm DBH). The presence of all other species >15 cm tall was recorded. The aim of the protocol was to capture as complete a snapshot of the forest composition and structure as is feasible, given limited resources. 
	There were 26 TBMP plots located within the Heritage Area boundaries with three complete rotations taken between 2009 and 2022 (Figure 10). Of the 26 plots, 17 were located in forest mapped as warm forest types (WF) that experienced little past disturbance, nine were located in forest mapped as regenerating forest types (VS) that experienced disturbance including logging, burning and clearance (Table 6). To examine the current state of forest composition and structure, the latest rotations (2019-2022) were compared between warm (WF) and regenerating (VS) forest types (Table 7). We were unable to examine individual forest types (e.g., WF4, WF10, WF11, etc) due to insufficient plot numbers. To examine trends in forest composition and structure, data from all plots was compared between the first (2009-2013), second (2014-2018) and third (2019-2022) rotations. We also compared the latest TBMP plot data (2019-2022) between the Heritage Area and regional forest plots; for this we used data from 25 Heritage Area plots and 58 regional plots (for this comparison it was necessary to exclude Tier 1 plots from the Heritage Area sample as these are part of the regional forest network, but we were able to include Heritage Area plots that were only sampled in the third rotation (2019-2022)).
	Table 6: Number of TBMP plots in each warm (WF) and regenerating (VS) forest type mapped according to Singers et al 2017. 
	Number of TBMP plots
	Code
	Forest ecosystem
	Forest type
	Pōhutukawa, pūriri, broadleaved forest (Coastal forest)
	1
	WF4
	0
	WF10
	Kauri forest
	Warm forest                                           (WF)
	15
	WF11
	Kauri, podocarp, broadleaved forest
	1
	WF13
	Tawa, kohekohe, rewarewa, hīnau, podocarp forest
	2
	VS2
	Kānuka scrub/forest
	Regenerating forest        (VS)                                 
	4
	VS3
	Mānuka, kānuka scrub
	3
	VS5
	Broadleaved species scrub/forest
	Table 7: Numbers of TBMP plots used for analyses of state and trends in the Heritage Area and comparison with regional forests.
	Number of plots
	Rotation
	Location
	Analysis
	Total
	Tier 3
	Tier 2
	Tier 1
	26
	4
	17
	5
	3
	WRHA
	State
	26
	4
	17
	5
	1, 2, 3
	WRHA
	Trends
	25
	4
	21
	0
	3
	WRHA
	WRHA vs Regional
	58
	0
	0
	58
	3
	Regional
	/
	Figure 10: Map of the TBMP forest monitoring plots within the Heritage Area.
	For the 26 TBMP plots in the Heritage Area, state and trends in forest composition and structure were examined in the context of forest succession using measures of woody species abundance (basal area and density) structured by size-class and tree-type (Schlesselmann et al 2022). 
	The woody species data collected in three size-classes (trees, saplings and seedlings) was used to calculate four abundance metrics:
	1. Basal area or the summed cross-sectional area of trees at 1.35m height (m2ha-1)
	2. Density of tree stems (ha-1)
	3. Density of sapling stems (ha-1)
	4. Density of seedling stems (ha-1)
	Stand basal area (ha-1) was calculated for all woody species in a plot. This is a key structural parameter of forests. Stand basal area typically increases during the building phase of forest regeneration after which it remains relatively stable (Weiner and Freckleton 2010). As trees continue to grow in maturing forest, this constant stand basal area leads to self-thinning. Basal area was also calculated for each tree type, where woody species were categorised according to their habit and form within a mature forest (Appendix):
	1. Conifer – Gymnosperm trees that do not have flowers. Most conifers reproduce using woody cones, but in the podocarp family (e.g., rimu, kahikatea, miro) the seeds are surrounded by fleshy tissue, and they are dispersed by birds. Many conifers will become emergent trees above the canopy in mature forest.
	2. Canopy broadleaf – Angiosperm trees that produce flowers and seeds, many are fleshy-fruited and are dispersed by birds. They have high stature, and many will form the canopy in mature forest.
	3. Sub-canopy broadleaf – Angiosperm trees that produce flowers and seeds and have medium stature, often forming a sub-canopy in early forest succession.
	4. Shrub – Woody species with low stature, often growing below the level of the sub-canopy.
	5. Monocot tree – Predominately nīkau and some cabbage tree species such as tī kouka
	6. Tree fern – Tree-like ferns with a trunk, elevating fronds above the ground. 
	Densities (ha-1) for each size-class (trees, saplings, seedlings) were also calculated for all woody species and for each tree type. 
	Non-metric multidimensional scaling (NMDS) using the metaMDS function in the package vegan (Oksanen et al 2022) was used to describe the relationship between plots in ordination space using tree species basal area per plot. Default settings were used and stress levels <0.2 (suitable for small data sets, Dexter et al 2018). Procrustes analyses were performed to examine the rotation required to map NMDS ordinations from the first (2009-2013) and third (2019-2022) plot rotations (Peres-Neto and Jackson 2001). Procrustes residuals were used to identify plots with greater than expected change in composition. 
	To calculate species richness, we included all species recorded inside the plot including trees, saplings, woody seedlings, non-woody seedlings, vines, climbers and any additional species. Species richness and turnover are calculated assuming an additive relationship between mean species richness (alpha, a), turnover or heterogeneity between plots (beta, b) and overall species richness (gamma, g, Lande 1996). Measures of percentage canopy cover were estimated on each plot rotation. 
	Using data from the latest rotation (2019-2022) of the 26 plots, we list species that are classified as Threatened, At Risk or Data Deficient in the National and Regional Threat Classification for plants (de Lange et al 2018, Simpkins et al 2022). Threat classifications are based on a range of criteria but generally, threatened species will have a small population size, occupy a small area or have a high predicted risk of decline (Townsend et al 2008). Species classified as At Risk will be declining, scarce, recovering from a previous Threatened status or survive only in relictual populations (Townsend et al 2008). For woody species only, we calculate the percentage basal area and tree numbers of Threatened, At Risk and Data Deficient species relative to Not Threatened species per plot.
	We used the relative abundances of sensitive species to assess whether the impact of pressures can be detected in the forest composition and structure. Plant species disproportionately sensitive to kauri dieback, herbivory by feral pigs, possum, ship rat and Norway rat, and climate change (drought and temperature change) were identified from the literature (Table 8). The abundance of sensitive species was calculated relative to more resilient species (Bellingham et al 2016) for four abundance metrics across three size-classes (basal area, tree, sapling and seedling densities). Generally, a community-wide approach is advocated, with indicator statistics reported by aggregating species in sensitive and resilient functional groups (MacLeod et al 2016). The condition of the single species northern rātā has also been used and recommended as an indicator of possum control due to the high preference of possum for this species (Crisp 2001). 
	The use of functional plant groupings to assess pressures does not demonstrate causal effects. Plant species vary in their abundance and distribution patterns while pest animals vary regionally in their plant species preferences (Allen et al 2002). Furthermore, consumption of fruits and seeds of palatable plants may result in seed dispersal, and even favour regeneration processes in palatable species. Functional group data are indicative only and no substitute for more rigorous and targeted investigation.  
	Table 8: Plant species cited in the literature as sensitive to different pressures: kauri dieback, herbivory to feral pigs, possums and rats, and climate change (drought and temperature change)
	Reference
	 
	Plant species
	Pressures
	Froud et al 2022
	Kauri
	Agathis australis
	Kauri dieback
	O'Connor & Kelly 2012
	Mataī
	Prumnopitys taxifolia
	Feral pig
	Thomson & Challies 1988 / DOC 2014 / Innes 1977 / Clendon et al 2023
	Feral pig / Possum / Rat / Climate
	Tawa
	Beilschmiedia tawa
	Sweetapple and Nugent 2007; Daniel 1973 / Fitzgerald 1976 / Thomson & Challies 1988
	Elaeocarpus dentatus var dentatus
	Feral pig / Possum / Rat
	Hīnau
	DOC 2014
	Mamaku
	Cyathea medullaris
	Possum
	DOC 2014; Denyer et al 1993
	Kohekohe
	Didymocheton spectabilis
	Possum
	DOC 2014; Denyer et al 1993
	Pōhutukawa
	Metrosideros excelsa
	Possum
	DOC 2014; Crisp 2001; Denyer et al 1993
	Northern rātā
	Metrosideros robusta
	Possum
	Tōtara-kiri-kotukutuku
	DOC 2014; Denyer et al 1993
	Podocarpus laetus
	Possum
	DOC 2014
	Tōtara
	Podocarpus totara var totara
	Possum
	DOC 2014
	Horoeka
	Pseudopanax crassifolius
	Possum
	DOC 2014
	Raukawa
	Raukaua edgerleyi
	Possum
	DOC 2014 / Seward et al 2016
	Whauwhaupaku
	Pseudopanax arboreus
	Possum / Climate
	DOC 2014 / Innes 1977
	Tītoki
	Alectryon excelsus
	Possum / Rat
	DOC 2014 / Sweetapple and Nugent 2007
	Toro
	Myrsine salicina
	Possum / Rat
	DOC 2014 / Sweetapple and Nugent 2007; Daniel 1973
	Patē
	Schefflera digitata
	Possum / Rat
	DOC 2014 / Innes 1977; Daniel 1973 / Seward et al 2016; Wyse et al 2013; Bannister 1986
	Māhoe
	Melicytus ramiflorus
	Possum / Rat / Climate
	Sweetapple and Nugent 2007
	Makomako
	Aristotelia serrata
	Rat
	Innes 1977; Daniel 1973
	Shining karamū
	Coprosma lucida
	Rat
	Innes 1977; Daniel 1973
	Karaka
	Corynocarpus laevigatus
	Rat
	 Sweetapple and Nugent 2007; Daniel 1973
	Rimu
	Dacryidium cupressinum
	Rat
	Innes 1977
	Kiekie
	Freycinetia banksii
	Rat
	Innes 1977; Daniel 1973
	Porokaiwhiri
	Hedycarya arborea
	Rat
	Innes 1977; Daniel 1973
	Kawakawa
	Macropiper excelsum
	Rat
	Sweetapple and Nugent 2007; Daniel 1973
	Miro
	Pectinopitys ferruginea
	Rat
	Moors 1985
	Karo
	Pittosporum crassifolium
	Rat
	Daniel 1973
	Kahikatea
	Podocarpus dacrydioides
	Rat
	Daniel 1973
	Horopito
	Pseudowintera axillaris
	Rat
	Sweetapple and Nugent 2007; Innes 1977; Daniel 1973
	Nīkau
	Rhopalostylis sapida
	Rat
	Daniel 1973 / Seward et al 2016; Bannister 1986
	Karamū
	Coprosma robusta
	Rat / Climate
	Innes 1977 / Seward et al 2016
	Pūriri
	Vitex lucens
	Rat / Climate
	Seward et al 2016; Myers & Court 2013
	Taraire
	Beilschmiedia tarairi
	Climate
	Wyse et al 2013; Martin & Ogden 2005; Bannister 1986
	Kanono
	Coprosma autumnalis
	Climate
	Geniostoma ligustrifolium var ligustrifolium
	Seward et al 2016
	Hangehange
	Climate
	Seward et al 2016
	Rewarewa
	Knightia excelsa
	Climate
	Seward et al 2016
	Red mapou
	Myrsine australis
	Climate
	Seward et al 2016
	Kawakawa
	Piper excelsum
	Climate
	Seward et al 2016
	Kōwhai
	Sophora microphylla
	Climate
	Mean annual indices of the NZ Drought index (NZDI) and Soil Moisture Deficit Anomaly (SMDA) for the Auckland region were compared against seedling densities. NZDI is a climate-based indicator of drought based on four drought indicators, with high values indicating drought. SMDA describes the moisture available in the soil compared to normal conditions and is calculated using daily rainfall, daily potential evapotranspiration and a fixed available water capacity or the amount of water in the soil that plants can use, with high values indicating higher than normal soil moisture deficit. 
	The species richness and abundance of exotic species was calculated for the most recent rotation (2019-2022) of the 26 plots in the Heritage Area. Relative (%) species richness and abundance of exotic was compared between the Heritage Area (using 25 TBMP forest plots) and regional forests (using 58 TBMP forest plots). Exotic species listed as weeds in Auckland Council’s Regional Pest Management Plan (Auckland Council 2020) are considered capable of having serious adverse effects on the environment or people.
	We tested for differences between regenerating forest (VS) and warm forest (WF), between plot rotations, and between Heritage Area and regional forest plots using one of three models depending on the metric used (Schlesselmann et al 2022). Generalised linear models with poisson errors were used for basal area and species richness. Generalised linear models with negative binomial errors were used for densities of trees, saplings, and seedlings. Generalised linear models with binomial errors were used for proportions of indigenous and Threatened species. Generalised linear models were analysed using the lme4 package in R (Bates et al 2015). 
	Prior to starting analyses, data were checked for outliers or species inconsistencies. In 17 plots there were one or two species that could not be identified to species level and these were omitted from subsequent analyses (Jo et al 2023). All statistical analyses were conducted using the R software for statistical computing version 4.2.2 (R Core Team 2022). 
	When the Terrestrial Biodiversity Monitoring Programme was established, trees were not tagged as a cost-saving alteration to the national 20 m x 20m forest plot protocol (Hurst et al 2022). This means we were unable to measure recruitment, growth or mortality of trees in the plot. It also means there is more error associated with the re-measure of plots if they are not re-laid in precisely the same location. Since 2018 Auckland Council has changed its protocol and now tags trees in all remeasured plots. We continue to omit the forest reconnaissance (RECCE) methodology (measuring percentage cover of plants in the 20 m x 20 m plot) from our plot protocol due to concerns around its subjectivity. 
	Forest plot locations were determined systematically using a grid-based approach and so the distribution of plots was not designed to test differences in regenerating and warm forest types. Furthermore, the current ecosystem mapping layer (Singers et al 2017) is based on large-scale patterns in biotic and abiotic characteristics which do not always translate directly to patterns of forest composition and structure observed in 20 m x 20 m plots, especially given the heterogeneity of forest in the Heritage Area. 
	The proportion of forest covered by the 26 TBMP plots in the Heritage Area (1.04 ha) is small compared to the 27,000 ha covered by the Heritage Area. The spatially distributed systematic allocation of plot locations intends to sample forest representatively but given the heterogeneity of landscape and forest in the Heritage Area, the TBMP plot network will only capture the dominant plant composition and structure, and broad changes over time. The TBMP plot network is not designed to capture uncommon or highly localised species. Furthermore, while plots capture some data on exotic species, the plot network was not designed to measure the pressure from exotic species that tends to be concentrated in buffer zones and areas of high human activity. There are more plant species, Threatened or At Risk plants, and exotic plant species growing across the Heritage Area than are sampled in these forest plots.
	Across all 26 forest plots measured in the Heritage Area in 2019-2022, 239 indigenous vascular plant species were recorded. The mean (± standard error) indigenous species richness per plot was 49.6 (± 2.0) species. This compares with the mean species richness of regional forest plots of 34.2 (± 1.3) species. The turnover of species between plots was 152.4 species, demonstrating the high level of forest heterogeneity between plots, where turnover accounts for 75 per cent of the overall species pool. Indigenous species included 13 canopy broadleaf species, eight conifer species, 35 sub-canopy broadleaf species, 28 species of shrub, five tree fern species, three monocot tree species including nīkau (Rhopalostylis sapida), tī kōuka (Cordyline australis) and tī ngahere (Cordyline banksii), and 110 vine, epiphyte and understorey species.  
	Stand basal area (the cross-sectional area of a tree at 1.35m height per plot) ranged from 25.7 m2 ha-1 to 136 m2 ha-1, while tree stem densities ranged from 1250 stems ha-1-to 7600 stems ha-1. 
	Summed across all 26 plots, ponga (Cyathea dealbata) dominated the forest by basal area and had the second highest stem density (Table 9). Ponga, kauri, nīkau, kānuka and northern rātā were the most abundant tree species by basal area. The highest stem density tree species were (in descending order) horoeka (Pseudopanax crassifolius), ponga, hangehange (Geniostoma ligustrifolium var. ligustrifolium), wheki (Dicksonia squarrosa) and māmāngi (Coprosma arborea).
	No species were common to all 26 plots. Two species occurred in 25 plots: ponga and hangehange. Other common species, occurring in 22 to 23 out of 26 plots, were kanono (Coprosma autumnalis), porokaiwhiri (Hedycarya arborea), karamū (Coprosma lucida), rewarewa, and mahoe; several of which are common, bird-dispersed species. There were 61 species that occurred in only one or two of the 26 TBMP plots. 
	Table 9: Total tree species abundance across all 26 plots, ranked by basal area (m2 ha-1) and tree stem density (ha-1).  
	Basal area (m2 ha-1)
	Tree stems     (ha-1)
	Plant species
	Plant species
	Horoeka
	Ponga
	375.0
	Pseudopanax crassifolius
	9.8
	Cyathea dealbata
	Ponga
	Kauri
	373.1
	Cyathea dealbata
	5.6
	Agathis australis
	Hangehange
	Nīkau
	325.0
	Geniostoma ligustrifolium var. ligustrifolium
	4.6
	Rhopalostylis sapida
	Wheki
	Kānuka
	234.6
	Dicksonia squarrosa
	4.2
	Kunzea robusta
	Māmāngi
	Northern rātā
	227.9
	Coprosma arborea
	3.9
	Metrosideros robusta
	Nīkau
	Pūriri
	219.2
	Rhopalostylis sapida
	2.7
	Vitex lucens
	Kānuka
	Wheki
	200.0
	Kunzea robusta
	2.2
	Dicksonia squarrosa
	Māhoe
	Pōhutukawa
	198.1
	Melicytus ramiflorus
	2.0
	Metrosideros excelsa
	Kanono
	Kahikatea
	187.5
	Coprosma autumnalis
	2.0
	Dacrycarpus dacrydioides
	Porokaiwhiri
	Rewarewa
	171.2
	Hedycarya arborea
	1.8
	Knightia excelsa
	Heketara
	Horoeka
	152.9
	Olearia rani
	1.6
	Pseudopanax crassifolius
	Red mapou
	Heketara
	135.6
	Myrsine australis
	1.5
	Olearia rani
	Mānuka
	Miro
	129.8
	Leptospermum scoparium
	1.5
	Pectinopitys ferruginea
	Tanekaha
	Rimu
	103.8
	Phyllocladus trichomanoides
	1.5
	Dacrydium cupressinum
	Karamū
	Mānuka
	102.9
	Coprosma lucida
	1.2
	Leptospermum scoparium
	Kohekohe
	Tawa
	85.6
	Didymocheton spectabilis
	1.2
	Beilschmiedia tawa
	Mingimingi
	Taraire
	75.0
	Leucopogon fasciculatus
	1.2
	Beilschmiedia tarairi
	Rewarewa
	Tanekaha
	72.1
	Knightia excelsa
	1.0
	Phyllocladus trichomanoides
	Tawa
	Māmāngi
	68.3
	Beilschmiedia tawa
	0.8
	Coprosma arborea
	Houhere
	0.8
	Porokaiwhiri
	59.6
	Hoheria populnea
	Hedycarya arborea
	Multivariate analyses (NMDS) of species basal area for each plot were used to examine patterns of forest tree composition. One plot (CF40AA) clearly separated from the others based on the dominance of pōhutukawa (METEXC) and paucity of other tree or understorey species. Pōhutukawa made up 99 per cent of the tree basal area and 93 per cent of tree numbers. Species richness was low in this plot, with only 21 indigenous species and one exotic species, the veldt grass Ehrharta erecta.
	 For the remaining plots, those located in regenerating (yellow text) forest were clustered near the centre of the ordination space, while plots in warm forest (green text) were more dispersed across the ordination space (Figure 11a). The clustered distribution reflects the fact that regenerating forest plots were all dominated in basal area by a few tree fern and early successional species, namely ponga (CYADEA), kānuka (KUNROB), mānuka (LEPSCO) and horoeka (PSECRA). One regenerating plot also had a large relict northern rātā (METROB). Broadleaved canopy species present within regenerating forest plots included tawa, pūriri, white maire (Nestegis lanceolata) and karaka (Corynocarpus laevigatus). Kauri, all relatively small (<10 cm DBH), were numerous in one regenerating forest plot, but otherwise conifer trees were infrequent, with just one rimu and one tōtara-kiri-kōtukutuku (Podocarpus laetus). More canopy broadleaf and conifer species were present as saplings and seedlings including taraire, kahikatea, miro, and kohekohe. One regenerating forest plot (CF41A) had no broadleaf canopy or conifer species.   
	In the plot ordination (Figure 11a), the dispersed distribution of warm forest plots (green text) reflects greater differentiation among plots. When examining the three most abundant species by basal area per plot, no two plots were the same. This variation underpins the high heterogeneity or beta-diversity across the Heritage Area. Dominant species within different plots included rewarewa (KNIEXC), tawa (BEITAW), taraire (BEITAR), pūriri (VITLUC), rimu (DACCUP), kauri (AGAAUS), kahikatea (DACDAC), miro (PRUFER), nīkau (RHOSAP), heketara (OLERAN) and tanekaha (PHYTRI).
	 /
	Figure 11: Non-metric multi-dimensional scaling (NMDS) of tree species basal area showing plots (a) and species (b). Forest plots (Figure 11a) are shown with regenerating forest types (VS) in yellow and warm forest types (WF) in green. The species ordination (Figure 11b) shows only the most abundant species (> 1m2 basal area). Species 6-letter codes were: AGAAUS Agathis australis, BEITAR Beilschmiedia tarairi, BEITAW B. tawa, CYADEA Cyathea dealbata, DACCUP Dacrydium cupressinum, DACDAC Dacrycarpus dacrydioides, DICSQU Dicksonia squarrosa, KNIEXC Knightia excelsa, KUNROB Kunzea robusta, LEPSCO Leptospermum scoparium, METROB Metrosideros robusta, OLERAN Olearia rani, PHYTRI Phyllocladus trichomanoides, PRUFER Pectinopitys ferruginea, PSECRA Pseudopanax crassifolius, RHOSAP Rhopalostylis sapida, VITLUC Vitex lucens.
	Across all warm forest plots, kauri and ponga had highest basal area; kauri from fewer large trees, ponga from ubiquitous and numerous trees (Table 10). Nīkau (RHOSAP) was common to all warm forest plots, but only occurred in half the regenerating forest plots. 
	There were no differences in tree canopy cover or indigenous species richness between warm and regenerating forest types (Table 10). Regenerating forest plots had lower basal area but a higher density of trees and saplings than warm forest plots. In regenerating forest plots, species composition was dominated by sub-canopy broadleaved species with 39 per cent of basal area, 61 per cent of tree stems, 49 per cent of saplings and 38 per cent of seedlings. In contrast, warm forest plots were characterised by a higher basal area that was dominated by conifers (28%) and canopy broadleaved species (28%). Densities of trees and saplings were lower in warm forest, and species composition was more broadly distributed across sub-canopy broadleaved species (41%), tree ferns (21%), canopy broadleaved species (14%), shrubs (14%), monocot trees (7%) and conifers (3%).
	While conifer species made up a large proportion of the basal area in warm forest plots (28%), they composed only 6 per cent of basal area in regenerating forest plots, and less than 6 per cent of trees, saplings and seedlings in both warm and regenerating plots (Table 10). Broadleaved canopy species represented 28 per cent of the basal area in warm forest plots but only 16 per cent in regenerating forests. Broadleaved canopy species had higher densities in warm forest compared to regenerating forest for all size classes, but these species were still well represented in regenerating forest. There were no discernible differences in seedling densities between regenerating and warm forest plots due to the high variation in seedling numbers among plots. 
	Table 10: Comparison of canopy cover, species richness, and abundance measures between regenerating forest (VS) and warm forest (WF). Abundance measures were calculated for all indigenous woody species, canopy broadleaf, conifer, sub-canopy broadleaf, shrub, treefern and monocot tree species. Abundance metrics were basal area (m2 ha-1), tree stem density (ha-1), sapling density (ha-1), and seedling density (ha-1). Basal area was tested using a general linear model with normal errors. Densities of tree stems, saplings and seedlings were tested with general linear models with negative binomial errors. s.e. = standard error.
	 
	 
	Test stat
	Warm forest (WF)
	Regenerating forest (VS)
	P value
	s.e.
	mean
	s.e.
	mean
	 
	 
	n.s.
	 
	4.5
	66.0
	4.0
	70.0
	Canopy cover (%)
	 
	n.s.
	2.5
	48.1
	3.0
	52.4
	Indigenous species richness
	<0.01
	10.8
	7.6
	60.6
	8.2
	50.5
	Stand basal area (m2 ha-1)
	<0.01
	7.7
	329.0
	3,551.0
	476.0
	5,414.0
	Tree stems (ha-1)
	All woody species
	<0.05
	4
	444.0
	3,904.0
	1,107.0
	6,064.0
	Saplings stems (ha-1)
	n.s.
	 
	2,982.0
	21,405.0
	4,394.0
	22,099.0
	Seedling stems (ha-1)
	<0.001
	37.1
	4.5
	17.0
	5.4
	8.1
	Basal area (m2 ha-1)
	n.s.
	117.0
	513.0
	94.3
	275.0
	Tree stems (ha-1)
	Canopy broadleaf
	n.s.
	131.0
	416.0
	78.1
	214.0
	Saplings stems (ha-1)
	n.s.
	 
	1,732.0
	4,314.0
	1,174.0
	2,408.0
	Seedling stems (ha-1)
	<0.001
	124
	7.5
	17.0
	1.5
	2.8
	Basal area (m2 ha-1)
	n.s.
	65.3
	124.0
	198.0
	264.0
	Tree stems (ha-1)
	Conifer
	n.s.
	107.0
	153.0
	254.0
	333.0
	Saplings stems (ha-1)
	 
	n.s.
	308.0
	719.0
	584.0
	988.0
	Seedling stems (ha-1)
	<0.001
	53.2
	1.5
	8.6
	2.7
	19.5
	Basal area (m2 ha-1)
	<0.05
	5.1
	221.0
	1,434.0
	574.0
	3,292.0
	Tree stems (ha-1)
	Sub-canopy Broadleaf
	n.s.
	186.0
	1,731.0
	709.0
	2,992.0
	Saplings stems (ha-1)
	n.s.
	 
	1,039.0
	5,589.0
	2,091.0
	8,334.0
	Seedling stems (ha-1)
	n.s.
	 
	0.2
	0.9
	0.4
	1.7
	Basal area (m2 ha-1)
	n.s.
	106.0
	481.0
	182.0
	811.0
	Tree stems (ha-1)
	Shrub
	n.s.
	206.0
	1,163.0
	353.0
	1,747.0
	Saplings stems (ha-1)
	n.s.
	 
	1,386.0
	5,752.0
	2,881.0
	8,457.0
	Seedling stems (ha-1)
	n.s.
	 
	2.6
	12.7
	4.1
	13.1
	Basal area (m2 ha-1)
	n.s.
	237.0
	734.0
	136.0
	467.0
	Tree stems (ha-1)
	Tree fern
	n.s.
	98.0
	276.0
	122.0
	450.0
	Saplings stems (ha-1)
	 
	n.s.
	397.0
	558.0
	313.0
	494.0
	Seedling stems (ha-1)
	n.s.
	 
	1.5
	4.3
	4.4
	5.4
	Basal area (m2 ha-1)
	n.s.
	72.0
	218.0
	197.0
	300.0
	Tree stems (ha-1)
	Monocot tree
	n.s.
	41.2
	116.0
	27.3
	75.0
	Saplings stems (ha-1)
	n.s.
	 
	990.0
	2,974.0
	631.0
	1,173.0
	Seedling stems (ha-1)
	Procrustes analyses (Procrustes correlation 0.94, m2 = 0.12, P = 0.001 on 999 permutations) showed species basal area compositions were similar between plot rotation 1 (2009-2013) and rotation 3 (2019-2022), indicating that the composition of plots has not changed greatly over this time period (Figure 12a). Inspection of residuals showed a higher level of change in plots CG41D (WF), CF42BA (VS) and CF41D (WF) which all had low basal area (25.3, 27.0 and 48.8 m2 ha-1 respectively) and therefore greater potential for change (Figure 12b). 
	/
	Figure 12: Procrustes analyses examining change between sampling rotation 1 (2009-2013) and rotation 3 (2019-2022) in the NMDS ordination of tree species basal area for all Heritage Area plots. The species basal area compositions for both rotations were similar and significantly correlated (correlation = 0.94, m2 = 0.12, P<0.001 based on 999 permutations). Figure 12a shows the amount of movement required by each plot to align the two NMDS ordinations. Figure 12b shows the individual plot residuals of the procrustes analysis.  
	For the warm forest plot CG41D, there were small reductions in the basal area of the most abundant species kānuka, tānekaha (Phyllocladus trichomanoides) and mānuka and arrival of five new species as seedlings and saplings including tōtara and rimu, indicative of a maturing forest stand. Between plot rotations 1 and 3, the regenerating forest plot CF42BA, changed from one dominated by mānuka (3.5 m2 ha-1) to one dominated by kānuka (15.0 m2 ha-1) and māmāngi (Coprosma arborea, 4.7 m2 ha-1), with mānuka declining in abundance (1.0 m2 ha-1). The taller stature of kānuka means this species typically overtops and shades out mānuka where these species co-occur in mid-successional forest. For the warm forest plot CF41D there was a decline in the basal area of taraire and ponga, an increase in basal area of nīkau, rewarewa and hangehange, and the arrival of mamaku and porokaiwhiri as seedlings and saplings. With the exception of decline in taraire basal area, these patterns are consistent with typical of mid-successional forest.
	 Across the three rotations, there were small but significant increases in indigenous species richness (Table 11). Stand basal area and the basal area of canopy broadleaf species showed a consistent but non-significant increase, while conifer basal area showed a consistent but non-significant decrease. There was a significant decline in seedling numbers of all woody species, with a large proportion of this decline contributed by nīkau seedlings, and sub-canopy broadleaf species. 
	Table 11: Comparison of canopy cover, indigenous species richness, and abundance in plot rotation 1 (2009-2013), rotation 2 (2014-2018) and rotation 3 (2019-2022). Abundance was calculated for all indigenous woody species, canopy broadleaf, conifer, sub-canopy broadleaf, shrub, treefern and monocot tree species. Abundance metrics are basal area (m2 ha-1), tree stem density (ha-1), sapling density (ha-1) and seedling density (ha-1). Species richness and basal area were tested using generalised linear model with poisson errors. Tree stem, sapling and seedling densities were tested with generalised linear models with negative binomial errors. s.e. = standard error.
	 
	 
	Measurement 3
	Measurement 2
	Measurement 1 
	P     value
	Test stat
	 
	 
	2019 - 2022
	2014 - 2018
	2009 - 2013
	 
	 
	s.e.
	mean
	s.e.
	mean
	s.e.
	mean
	 
	n.s.
	3.2
	67
	2.6
	62
	3.8
	58
	Canopy cover (%)
	<0.01
	10.7
	2.0
	49.6
	1.7
	49.3
	2.8
	44.0
	Indigenous species richness
	 
	n.s.
	5.7
	57.1
	5.7
	56.9
	5.7
	55.3
	Stand basal area (m2 ha-1)
	n.s.
	320
	4,183
	367
	4,365
	435
	4,428
	Tree stems (ha-1)
	All woody species
	n.s.
	510
	4,652
	748
	5,498
	803
	5,542
	Saplings stems (ha-1)
	<0.01
	10.9
	2,422
	21,647
	5,724
	41,414
	5,675
	39,918
	Seedling stems (ha-1)
	 
	n.s.
	3.5
	13.9
	3.5
	12.7
	3.2
	11.9
	Basal area (m2 ha-1)
	n.s.
	85.2
	431
	89.1
	403
	68.9
	358
	Tree stems (ha-1)
	Canopy broadleaf
	n.s.
	90.9
	346
	93.7
	329
	112
	360
	Saplings stems (ha-1)
	 
	n.s.
	1,200
	3,654
	1,713
	4,573
	2,154
	5,385
	Seedling stems (ha-1)
	 
	n.s.
	5.1
	12.1
	5.3
	12.6
	5.4
	12.8
	Basal area (m2 ha-1)
	n.s.
	79.5
	172
	79.5
	162
	75.1
	165
	Tree stems (ha-1)
	Conifer
	n.s.
	110
	215
	120
	226
	114
	211
	Saplings stems (ha-1)
	 
	n.s.
	279
	812
	413
	1,047
	426
	1,047
	Seedling stems (ha-1)
	<0.001
	21.3
	1.7
	12.4
	1.3
	8.8
	1.3
	8.8
	Basal area (m2 ha-1)
	n.s.
	297
	2,077
	307
	2,038
	392
	2,174
	Tree stems (ha-1)
	Sub-canopy Broadleaf
	n.s.
	291
	2,167
	512
	2,694
	572
	2,752
	Saplings stems (ha-1)
	<0.05
	7
	1,002
	6,539
	1,687
	10,770
	1,743
	11,689
	Seedling stems (ha-1)
	 
	n.s.
	0.2
	1.2
	0.2
	1.2
	0.2
	1.1
	Basal area (m2 ha-1)
	n.s.
	96.7
	595
	106
	620
	104
	601
	Tree stems (ha-1)
	n.s.
	186
	1,365
	243
	1,656
	256
	1,692
	Saplings stems (ha-1)
	Shrub
	n.s.
	 
	1,338
	6,689
	1,728
	9,103
	1,859
	9,402
	Seedling stems (ha-1)
	n.s.
	 
	2.2
	12.9
	2.1
	13.5
	2.0
	12.8
	Basal area (m2 ha-1)
	Tree fern
	n.s.
	162
	641
	155
	639
	148
	639
	Tree stems (ha-1)
	n.s.
	77.1
	337
	61.7
	312
	77.4
	302
	Saplings stems (ha-1)
	 
	n.s.
	277
	556
	253
	620
	301
	833
	Seedling stems (ha-1)
	 
	n.s.
	1.7
	4.7
	1.5
	4.1
	1.4
	4.1
	Basal area (m2 ha-1)
	n.s.
	80.7
	246
	70.4
	241
	78
	253
	Tree stems (ha-1)
	Monocot tree
	n.s.
	28.5
	102
	33.5
	125
	37.4
	122
	Saplings stems (ha-1)
	<0.01
	9.8
	696
	2,351
	5,214
	14,809
	3,523
	11,454
	Seedling stems (ha-1)
	In the latest plot sampling rotation (2019-2022), 42 species recorded in the Heritage Area forest plots are classified as Threatened, At Risk or Data Deficient based on the combined regional and national threat classification assessments (de Lange et al 2018, Simpkins et al 2022). Of these, nine are nationally Threatened species and three nationally At Risk species (Table 12). Threatened, At Risk or Data Deficient species make up 40.1 per cent of basal area and 14.5 per cent of tree numbers in the Heritage Area (as a percentage of total basal area or total tree numbers per plot). Most of this abundance was contributed by the myrtaceous species including kānuka, mānuka, pōhutukawa, northern rātā, climbing rātā (Metrosideros fulgens), carmine rātā (Metrosideros difffusa), akatea (Metrosideros perforata) and ramarama (Lophomyrtus bullata). These are naturally widespread but are susceptible to the plant pathogen myrtle rust (Austropuccinia psidii, Beresford et al 2019). Kauri is also widespread but susceptible to the plant pathogen Phytophthora agathidicida that causes kauri dieback. 
	Table 12: Species categorised as Threatened, At Risk or Data Deficient in the national and regional threat classification (de Lange et al 2017, Simpkins et al 2022) and recorded within at least one of the 26 Heritage Area forest plots in the third rotation (2019-2022).
	/
	Over the 14 years covered by the TBMP plot rotations, there were no changes in the relative abundances (basal area and densities of trees, saplings and seedlings) of kauri, or woody species palatable to feral pigs or possum (Table 13). Seedling densities were low compared to the basal area for these groups. More data is required to understand the role of feral pigs as consumers or dispersers of tree seeds in the Heritage Area. In addition, tawa seed production may be influenced by temperature change driven by climate change (Clendon et al 2023). 
	For several species palatable to possum, including the highly preferred northern rātā, pōhutukawa, whauwhaupaku and mamaku there were no saplings or seedlings recorded. In 2021 we started to collect epiphyte data as part of our standard plot protocol. No northern rātā epiphytes were recorded in Heritage Area plots suggesting that epiphytic regeneration of this species is not common either.  
	Between plot rotation 2 (2014-2018) and plot rotation 3 (2019-2022) there was a significant decline in seedling density for species palatable to rats or sensitive to climate change. These functional groups overlap, both containing nīkau which showed a significant decline, and which contributes a large proportion of forest seedlings. Between 2019 and 2022 there was a spike in rat numbers in the Heritage Area (reported by Forest & Bird for Ark in the Park) as well as a severe drought in 2020. It is not possible to differentiate their individual effects and both pressures may be interacting to reduce seedling recruitment. Seedling numbers showed a negative relationship with mean indices of the NZ Drought Index (NZDI, LRT = 10.61, P<0.01, 11.7% deviation explained) and the Soil Moisture Deficit Anomaly (SMDA, LRT = 10.71, P<0.01, 11.8% deviation explained), but the plant data available to make this comparison are sparse (Figure 13). 
	/
	Figure 13: Means (± s.e.) per plot rotation for (a) seedling numbers (plot-1) for all woody species and (b) two indices of drought, the NZ Drought Index (NZDI) and the Soil Moisture Deficit Anomaly (SMDA).
	Table 13: Percentage abundance of plant species functional groups for each rotation and size-class. Plant species functional groups were: woody species vulnerable to kauri dieback (kauri); woody species palatable to feral pigs (hinau, tawa, mataī); woody species palatable to possum (mamaku, kohekohe, pōhutukawa, northern rātā, tōtara-kiri-kotukutuku, tōtara, horoeka, raukawa, whauwhaupaku, tawa, tītoki, toro, patē, māhoe, hīnau); northern rātā (indicator of possum control, Crisp 2001), woody species palatable to rats (tītoki, toro, patē, māhoe, hīnau, makomako, shining karamū, karaka, rimu, kiekie, porokaiwhiri, kawakawa, miro, karo, kahikatea, horopito, nīkau, karamū, pūriri); and woody species vulnerable to climate change (taraire, kanono, hangehange, rewarewa, red mapou, kawakawa, kōwhai, whauwhaupaku, tawa, māhoe, karamū, pūriri). 
	Measurement 3
	Measurement 2
	Measurement 1
	P value
	Test stat
	df
	2019 - 2023
	2014 - 2018
	2009 - 2013
	Abundance metric
	Pressure
	% palatable / vulnerable
	n.s.
	 
	 
	11.3
	11.6
	12.2
	Basal area (m2 ha-1)
	Woody species vulnerable to kauri dieback (Agathis australis)
	n.s.
	0.8
	0.7
	0.7
	Tree stems (ha-1)
	n.s.
	0.7
	0.5
	0.5
	Saplings stems (ha-1)
	n.s.
	 
	 
	1.0
	0.5
	0.6
	Seedling stems (ha-1)
	n.s.
	 
	 
	2.3
	2.5
	3.2
	Basal area (m2 ha-1)
	Woody species palatable to feral pigs
	n.s.
	1.9
	1.8
	1.7
	Tree stems (ha-1)
	n.s.
	1.3
	1.0
	1.1
	Saplings stems (ha-1)
	n.s.
	 
	 
	1.0
	0.7
	0.5
	Seedling stems (ha-1)
	n.s.
	 
	 
	23.7
	24.8
	22.0
	Basal area (m2 ha-1)
	Woody species palatable to possum
	n.s.
	25.7
	23.9
	22.9
	Tree stems (ha-1)
	n.s.
	11.5
	11.9
	12.7
	Saplings stems (ha-1)
	n.s.
	 
	 
	5.5
	3.5
	4.9
	Seedling stems (ha-1)
	n.s.
	 
	 
	5.5
	5.8
	4.9
	Basal area (m2 ha-1)
	Northern rātā (Metrosideros robusta)
	n.s.
	0.3
	0.2
	0.0
	Tree stems (ha-1)
	n.s.
	0.0
	0.0
	0.0
	Saplings stems (ha-1)
	n.s.
	 
	 
	0.0
	0.0
	0.0
	Seedling stems (ha-1)
	n.s.
	 
	 
	26.4
	22.7
	21.4
	Basal area (m2 ha-1)
	n.s.
	27.0
	23.9
	23.3
	Tree stems (ha-1)
	Woody species palatable to rats
	n.s.
	24.1
	22.4
	23.1
	Saplings stems (ha-1)
	<0.01
	11.1
	 
	43.5
	106.2
	82.8
	Seedling stems (ha-1)
	n.s.
	 
	 
	8.6
	7.4
	7.6
	Basal area (m2 ha-1)
	n.s.
	5.5
	4.8
	5.0
	Tree stems (ha-1)
	Nīkau (Ropalostylis sapida)
	n.s.
	2.0
	2.0
	1.9
	Saplings stems (ha-1)
	<0.01
	9.2
	 
	12.2
	55.5
	40.1
	Seedling stems (ha-1)
	n.s.
	 
	29.0
	25.6
	27.2
	Basal area (m2 ha-1)
	 
	Woody species vulnerable to climate
	n.s.
	30.2
	27.3
	28.4
	Tree stems (ha-1)
	n.s.
	28.9
	28.6
	31.9
	Saplings stems (ha-1)
	<0.001
	14.7
	34.7
	86.9
	72.8
	Seedling stems (ha-1)
	 
	In the most recent plot rotation (2019-2022), 7.4 per cent of species recorded in plots in the Heritage Area were introduced species, this contrasts strongly with the regional TBMP forest plot network in which 36.1 per cent of species are exotic. For those exotic species where abundance was recorded, exotic species in the Heritage Area plots composed 0.1 per cent of basal area, 0.5 per cent of tree stem density, 0.4 per cent of sapling density and 0.7 per cent of seedling density. This was far below abundances for exotic species recorded in the regional forest plot network (Table 14). 
	In the latest plot rotation (2019-2022), fifteen exotic species were recorded in nine of the 26 Heritage Area forest plots, including four regenerating and five warm forest plots (Table 14). Nine of these species are weeds listed in Auckland Council’s Regional Pest Management Plan (Auckland Council 2020) and considered capable of having serious adverse effects on the environment or people. Wild ginger (Hedychium gardnerianum) was the most widespread weed occurring in four plots. Prickly hakea (Hakea sericea) was the most abundant weed by basal area (1.73 m2 ha-1) and the most numerous tree, with all found in a single warm forest plot. High seedling numbers were observed for loquat (Rhaphiolepsis bibas) and gorse (Ulex europaeus), with gorse present as trees, saplings, and seedlings in three regenerating plots. Other weed species were recorded as present in a plot, but no abundance data was available. 
	Table 14: Exotic and weed species (listed in the Regional Pest Management Plan 2020); the number of plots in which they occur and total abundances. Species without abundance measures were only recorded as present in the plot.  
	Seedling stems       (ha-1)
	Saplings stems      (ha-1)
	Tree stems (ha-1)
	Basal       area      (m2 ha-1)
	Weed (RPMP 2020)
	Number of plots
	Exotic species
	 
	 
	 
	 
	1
	Weed
	Acacia mearnsii
	Black wattle
	25
	1
	Weed
	Acaena agnipila
	Sheep's bur
	3
	Weed
	Asparagus scandens
	Climbing asparagus
	1
	Centaurium erythraea
	Centaury
	2
	Weed
	Cortaderia selloana
	Pampas grass
	1
	Dactylis glomerata
	Cocksfoot
	2
	Ehrharta erecta
	Veldt grass
	75
	475
	1.73
	1
	Weed
	Hakea sericea
	Prickly hakea
	4
	Weed
	Hedychium gardnerianum
	Wild ginger
	1
	Hypochaeris radicata
	Catsear
	1
	Lagurus ovatus
	Harestail
	556
	1
	Rhaphiolepis bibas
	Loquat
	1
	Weed
	Selaginella kraussiana
	African clubmoss
	1
	Weed
	Syzygium smithii
	Monkey apple
	3333
	425
	25
	0.02
	3
	Weed
	Ulex europaeus
	Gorse
	0.7
	0.4
	0.5
	0.1
	 
	% exotic abundance in TBMP Heritage Area plots
	1.7
	4.9
	6.3
	10.0
	 
	 
	% exotic abundance in TBMP Regional plots
	Prior to human arrival the Heritage Area was vegetated in forest, dominated by warm forest types. Since human arrival, there has been widespread disturbance from logging, burning, gum digging and clearance for farming which was largely complete by the 1940s (Froud et al 2022). The largest kānuka in the regenerating plots had a modelled age of 88-90 years taking the recruitment date to 1933-1935 (based on diameter-age relationships in Payton et al (1984)). In addition to forest disturbance, humans brought hunting, pest animals, pathogens, exotic plants, and induced climate change. The Heritage Area is now vegetated in 52 per cent warm forest and 42 per cent regenerating forest types. Although regenerating forest lacks the structural complexity of warm forest, for both forest types indigenous plant diversity is high and appear to be regenerating following expected successional pathways. 
	In warm forest (WF, largely kauri-podocarp-broadleaved WF11) patterns of plant species composition and structure were consistent with late successional maturing forest. Warm forest (WF) had higher structural complexity and supported a wide range of conifer and canopy broadleaved tree species including rewarewa, tawa, rimu, kohekohe, kauri, white maire, tōtara, kahikatea, northern rātā, miro, and coastal pōhutukawa. Warm forest had higher woody species basal area dominated by conifer and canopy broadleaved species and a lower density of stems. For regenerating forest (VS), patterns of species composition and structure were consistent with mid-successional forest following sub-canopy closure by early successional species, and with late successional broadleaved canopy and conifer species growing up under the sub-canopy. Regenerating forest had a low basal area of conifer and canopy broadleaved species, but good canopy closure and a high stem density, especially of sub-canopy broadleaved species typical of mid-successional regenerating forest including ponga, kānuka, mānuka and horoeka. 
	Conifer and canopy broadleaved species occupy all size-classes in both warm and regenerating forest types. Densities of conifer trees, saplings and seedlings were generally lower than canopy broadleaved species; this may reflect their tendency to regenerate in cohorts following infrequent landscape level disturbance (Wyse et al 2018). The broad similarity in conifer tree, sapling and seedling densities between warm and regenerating forest provides some reassurance that regenerating forests are not seed limited for conifers despite the mature conifers being limited to only a few regenerating forest plots. Tree ferns were common to both regenerating and warm forest and these tend to reduce numerically as forest matures (apart from in tree fall gaps, Smale et al 1997). Nīkau were more ubiquitous in warm forest.  
	Across all 26 forest plots (total = 1.04 ha), 239 indigenous vascular plant species were recorded, but this is low compared to the 542 species recorded in the Protected Natural Area Programme survey report for the Waitākere Ranges Ecological District (ca. 20,000ha, Denyer et al 1993). This is not to suggest that species richness is declining, indeed the number of species per plot increased significantly over the 14 years of the TBMP. The difference in species richness between the two studies results from differences in sampling effort and reflects the primary intent of the TBMP forest plot network which is to describe the dominant forest characteristics rather than to document all species as in the protected natural area survey. 
	Few changes over time were detected in the abundance of plants vulnerable to pressures including herbivory, plant pathogens and/or climate change. The seedling densities of all woody species declined by almost a half between rotation 2 (2014-18) and rotation 3 (2019-23), and this was particularly apparent in nīkau and sub-canopy broadleaf species. As a result, species vulnerable to climate change (drought) and rat predation showed significant declines in seedling density. Seedling densities across the three rotations showed a negative relationship with mean indices of the NZ Drought Index and the Soil Moisture Deficit Anomaly. In the summer of 2019-20, when sampling started for the third rotation of forest plots, Auckland experienced one of the most extreme drought events since 1993/94. At the same time, however, Forest and Bird reported a spike in rat numbers in the Heritage Area. It is possible that both pressures contributed to seedling decline, and this highlights how climate change can exacerbate existing pressures. More research is required to understand the cause of seedling declines and determine whether the decline will impact forest regeneration patterns longer term. Use of plant indicator groups to detect change from herbivory would be improved with knowledge of herbivore plant preferences in the Heritage Area relative to plant abundance (Bellingham et al 2016).  
	Tree species palatable to possum showed signs of poor regeneration, with several species having few or no saplings or seedlings (northern rātā, pōhutukawa, tōtara-kiri-kotukutuku, patē and whauwhaupaku). Further investigation is required to understand the cause of this absence in the Heritage Area. It is possible that northern rātā and other palatable species are unable to regenerate under current possum populations despite long-term and effective population suppression (Lovegrove and Parker in review). All of these species, however, also require high light conditions to regenerate which is not possible without some canopy disturbance so an intact canopy may also contribute.
	Kauri and Myrtaceous species, vulnerable to kauri dieback and myrtle rust, contribute considerable abundance to forest in the Heritage Area. In fact, Myrtaceous species were estimated to be the second most important woody family across New Zealand in terms of forest cover, basal area and species richness (Jo et al 2023). As myrtle rust is a wind-dispersed pathogen, it is almost impossible to control its spread (Beresford et al 2019). It is still too early to say how virulent myrtle rust will be to New Zealand’s indigenous forest species. Early evidence suggests that Lophomyrtus species such as ramarama are highly susceptible, with new shoots, reproductive structures, and seedlings all impacted (Beresford et al 2019). Metrosideros species are less susceptible, but have little resistance, while kānuka and mānuka are least susceptible and have some resistance (Beresford et al 2019). Auckland Council introduced surveillance of myrtle rust to the TBMP forest plot protocol in 2020, and myrtle rust symptoms were observed on several pōhutukawa, carmine rātā, ramarama and maire tawake (Syzygium maire) within regional plots. Myrtle rust was not detected in plots inside the Heritage Area in the 2019-2022 rotation period, although the timing of forest monitoring in October/November is too early to detect maximum disease symptoms of A. psidii. Seasonal epidemics of A. psidii typically start in late spring or early summer (November/December) with disease severity increasing rapidly in December/January and reaching a maximum in early autumn (March/April, Beresford et al 2019). It is likely that the most immediate impact of myrtle rust will be on species that are both highly susceptible and already have reduced populations, notably ramarama and maire tawake. Although Lophomyrtus species can continue to produce new growth at temperatures too low for A. psidii infection (10° C) which may provide some potential for these species to survive A. psidii infection (Beresford et al 2019). 
	Kauri dieback has not yet been detected in the 26 TBMP plots in the Heritage Area and measures of kauri abundance showed no signs of decline. In fact there was a small but insignificant increase in the density of kauri trees and saplings in the Heritage Area plots over the 14 years of plot rotation. While P. agathicida remains on the periphery of the Heritage Area, it has not yet reached its full potential range (Froud et al 2022). Evidence from the Waitākere Ranges Kauri Dieback Surveillance support continued vector management through isolation, hygiene and treatment (Froud et al 2022). 
	The TBMP data showed that indigenous dominance of the forest interior in the Heritage Area was high, especially compared to regional forest plots. The plot data however, did not capture areas of the Heritage Area with high weed pressure. Weeds and exotic species tend to arrive first on the forest edges or in areas of high human activity. Residential areas adjacent to the forest, roadways and tracks are all likely to support a higher proportion of exotic species than measured in these forest plots. Lower weed prevalence in the Heritage Area compared to regional forest may result from its large, continuous forested area with good connectivity to indigenous habitat, and little adjacent rural and urban land, characteristics associated with higher indigenous dominance (Griffiths et al 2021). 
	The most abundant weeds in plots in the forest interior were pyrophytic, fire adapted species (hakea and gorse) which readily colonise regenerating forest. Regenerating forests, which cover 42 per cent of the Heritage Area, tend to be more flammable than later successional forests, due to the flammability of early successional Leptospermum and Kunzea species (Wyse et al 2016), as well as differences in the microclimate and structure of these low-stature forests (Tepley et al 2016, Kitzberger et al 2016). The presence of invasive pyrophytic species can make these regenerating forests more flammable (Andersen and Andersen 2010), and potentially alter fire frequency (Perry et al 2015). Increased drought frequency and severity as a result of climate change is predicted to increase the risk of wildfires (Pearce et al 2011). Later successional forests are less flammable than early successional forests so as regenerating forest matures towards warm forest (WF) types, the risks of wildfires will reduce (Kitzberger et al 2016). Successful forest regeneration will not only reduce wildfire risks but will also support greater carbon sequestration and storage (Paul et al 2021).   
	More recently, less expected impacts of climate change have become evident with the increased number of land slips in response to extreme rainfall events in August 2021 and January 2023. Ultimately, these slips may provide canopy gaps favouring conifer and broadleaved canopy species, but they may also provide disturbed ground suitable for weed or exotic plant invasion. We recommend future research aims to monitor plant regeneration patterns at land slip locations. 
	In our assessment of forest ecological integrity in the Heritage Area we have made some comparisons with regional forest data to understand the benefits of large continuous forested areas and broad management activities (Griffiths et al 2021). It would also be valuable to compare the state and trends for forest in the Heritage Area with that of more pristine forest to identify potential impacts on ecosystem processes (Wurtzebach and Schultz 2016). For example, resampling of plots on offshore islands such as Te Hauturu-o-Toi may provide one example of what warm forest typical of the Auckland region could look like with limited past disturbance, no pest animals, few weeds but with impacts of climate change and plant pathogens.   
	Overall, forest in the Heritage Area has high ecological integrity, is recovering well from past disturbance and following expected forest successional pathways. The forest is highly diverse and dominated by indigenous plants. Many of these benefits arise in part from the large, unfragmented and continuous characteristics of the Heritage Area, and ongoing management to limit weed and pest populations. There remain areas of concern however, especially from the current and potential future impacts of plant pathogens, weeds and climate change. The recent extremes in drought and rainfall events generating widespread land slips show how rapidly climate change may impact forest processes. 
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	Birds, although only a small proportion of total biodiversity, are commonly used as indicators for monitoring the status and trends of ecosystem integrity and its inherent biodiversity (Temple and Wiens 1989, Furness and Greenwood 1993, Browder et al 2002, Carignan and Villard 2002, Gill 2006, Monks et al 2013). There are a several reasons for this utility: 
	 Birds are often high on food chains and thus must rely on the health of multiple trophic levels below them to survive (MacLeod 2014);
	 Different bird species interact with particular habitats, and populations are affected by disturbance in these areas relatively quickly with many species short-lived (Browder et al 2002); 
	 Many birds have relatively large home ranges, especially in comparison to other taxa, allowing the integration of conditions over the landscape (Rolando 2002); and
	 Birds are also important to monitor given the significant ecological roles they play, namely as predators, pollinators, and seed dispersers (Clout and Hay 1989, Kelly et al 2010, Young et al 2012).
	New Zealand’s diurnal land birds are particularly useful indicators because many are conspicuous and easy to identify (Landers et al 2021), with New Zealanders tending to have an interest in hearing about how the birds are faring (Galbraith et al 2014, Brandt et al 2020). Many species need monitoring given the huge declines that have occurred from anthropogenic effects since humans arrived in New Zealand (Worthy and Holdaway 2002, Tennyson and Martinson 2006, Innes et al 2010, Robertson et al 2021). New Zealand birds may also have added pressure as a result of climate change from the predicted increased extreme weather events and pest animals, as well as other habitat changes (Pearce et al 2018, Bishop and Landers 2019, Auckland Council 2020). 
	Here we report on the state and trends in bird species populations and communities in the Heritage Area using 14 years (2009-2022) of bird count data from Auckland Council’s Terrestrial Biodiversity Monitoring Programme (TBMP) forest plot network (described in Section 3.2.1). 
	As part of the forest plot network used to monitor biodiversity, bird surveys were carried out at the corner of each plot on the same days the plants were surveyed. On these days, three 10-minute bird counts (10MBC) were performed between 7am and 1pm (for details, see Landers et al 2021).
	Bird data for this report included the full set of Tier 1 and 2 plots within the Heritage Area (Heritage Area Tier 1 plots were generally at similar distances/spatial scale to Tier 2 plots) to a) establish the current state using sampling rotation (here after referred to as rotation) 3 (2019-2022), noting all plots used were sampled by the end of 2022; n = 26), and b) examine trends using plots which had been surveyed in all three rotations (rotation 1 2009-13, rotation 2 2014-18, rotation 3 2019-22, n = 22, Table 15). For context, results were compared to regional data using bird surveys conducted at Tier 1 plots (Table 15).
	Table 15: The number of bird survey plots used for Repeated Measures ANOVA analyses (‘state’ and ‘trends’) by Terrestrial Biodiversity Monitoring Programme tier category and sampling rotation (1 2009-13, 2 2014-18, 3 2019-2022).
	Only counted birds which had full species identifications were used in analyses. Three main dependent variables were used for most analyses in this study: Naturalness (proportion of indigenous individuals of total individuals counted), Indigenous (individuals of indigenous species only) and Introduced (individuals of introduced species only). We also calculated these three variables for species richness rather than number of individuals. Hence, a total of six main variables were calculated for all analyses.
	Abundance variables were calculated using the first five minutes of the 10MBC (hereafter called 5MBC) and richness variables using the full 10MBC. All variables are means per count, calculated by averaging the totals from each of the three bird counts conducted at each plot on the same day. In the ‘Total species summary’ section Total Species Richness (total number of species from all counts using the full 10MBC) and Mean Species Abundance (mean number of individuals per 5MBC) were also calculated for all species counted in the Heritage Area in rotation 3 to give the ‘state’ (Table 18). To provide some context to the ‘state’ of birds (Total Species values) we also provide the ‘state’ for rotation 2.
	To analyse for ‘state’ and ‘trend’ differences in abundances and species richness within the Heritage Area and in comparison to regional plots, we ran six two-way Repeated Measures ANOVAs (RM-ANOVA) using the Naturalness, Indigenous and Introduced variables (Table 2) using the factors Location (Heritage Area vs regional) and time period. The assumptions for ANOVA (independent observations, normality, homogeneity via Levene’s Test and inspecting histograms) were checked for all data and any data failing these were transformed as required. For all significant RM-ANOVAs, post-hoc tests were run to determine which factor pairs were significant (Tukey HSD tests for ANOVAs).
	In total, 78 bird counts were completed at 26 forest plots within the Waitākere Ranges Heritage Area (Heritage Area) over 2018-22 (rotation 3), during which 1,364 individual birds were counted (Table 16). The majority of these were endemic (indigenous found only in New Zealand) and indigenous species, with only about one quarter of all birds counted being introduced species (Table 16). Only a small percentage (<3%) of total birds counted were Threatened or At Risk species (Table 17, Robertson et al 2021). Total Species Richness comprised 66 species, and the top four of the five most abundant species were indigenous (i.e., tauhou/silvereye, riroriro/grey warbler, tūī, and pīwakawaka/North Island fantail – manu pango/Eurasian blackbird was the 5th most abundant species) (Table 18).
	In comparison to the previous survey conducted over 2014 and 2018 (rotation 2), there were increases in the abundance of tauhou, riririro, and pīwakawaka, which were all approximately twice as abundant in the rotation 3 survey (Table 18). Korimako/bellbird, although relatively uncommon, was another species which appears to be increasing in the Heritage Area. The most common introduced species were manu pango (5th most common), pahirini/chaffinch (6th), Eastern rosella (7th), common myna (8th), and tiu/house sparrow (10th). Generally, these introduced species were counted at similar levels as in the previous survey rotation, but one notable outlier was the increase of tūī, which was almost six times more abundant in rotation 3.
	Table 16: Status of species counted at 26 forest plots (78 total bird counts conducted from 2018-2022 [rotation 3]) in the Waitākere Ranges Heritage Area.
	Percentage of total birds
	Count
	Status
	49.5%
	  676 
	Endemic
	25.6%
	  348
	Indigenous
	24.9%
	  340
	Introduced
	1,364
	TOTAL
	Table 17: Conservation status (Robertson et al 2021) of indigenous species counted at 26 forest plots (78 total bird counts from 2018-2022 [rotation 3]) in the Waitākere Ranges Heritage Area.
	Percentage of total birds
	Count
	Conservation Status
	0.0%
	    0
	Threatened
	2.5%
	  26
	At Risk
	97.5%
	 998
	Not Threatened
	1.024
	TOTAL
	Table 18: Mean Abundance (± s.e.) of all bird species counted at forest plots in the Waitākere Ranges Heritage Area from 2019-2022 (rotation 3) and 2014-18 (rotation 2). Abundance ordered by most abundant to least abundant in rotation 3. *indigenous, **endemic.
	The overall results of the six RM-ANOVA models run for each of the variables are summarised in Table 19 below: four of the six models (Naturalness and Introduced Species for both Abundance and Richness) were significant, with three requiring transformation of data to fulfil assumptions.
	The mean percentage of indigenous individuals (Naturalness for Abundance) in the Heritage Area in rotation 3 was 76 per cent, which was significantly higher than the regional mean of 67 per cent (P<0.001, Figure 14, Table 20). Although there was no significant difference in the number of individual indigenous birds counted in rotation 3 (~13 birds in both Heritage Area and regional plots, P=0.14), there was a trend for fewer introduced birds to be counted in Heritage Area plots (4.41) in comparison to regional plots (6.67, P=0.06, Figure 14, Table 22).
	Similarly to the abundance data, the mean percentage of indigenous species of total species counted (Naturalness for Richness) was higher in the Heritage Area (67%) over rotation 3 compared to the regional mean (57%, P<0.05, Figure 15, Table 23). Introduced Richness was lower in the Heritage Area (2.89 species) compared to an average in regional plots of 4.36 introduced species encountered per count (P<0.05, Figure 15, Table 24). Approximately five indigenous species were counted per 10MBC in both Heritage Area and regional plots (P=0.99, Figure 15).
	The overall results of the six RM-ANOVA models run for each of the variables when looking for time effects (trends) are summarised in Table 25. The only time effects found for plots within the Heritage Area over the three rotations (2009-22) were for Indigenous and Introduced Abundances. More indigenous birds were counted in rotation 3 in comparison to both rotation 1 (P<0.05) and 2 (P<0.001, Figure 14, Table 21). Introduced birds varied less over time, however there were more introduced birds counted in the third rotation in comparison to the first (P<0.05, Figure 14, Table 22).
	A similar time effect was found in the regional plot network for Indigenous Abundance, with more indigenous birds counted in rotation 3 in comparison to rotation 1 (P<0.001, Figure 14, Table 21), however introduced species remained constant across the three rotations in contrast to the increase seen within the Heritage Area.
	Table 19: Repeated Measures ANOVA model results for bird surveys conducted at Terrestrial Biodiversity Monitoring Programme plots in the Heritage Area compared with regional plots across Auckland region.
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	Figure 14: (a) Naturalness (Abundance), (b) Indigenous and (c) Introduced Mean Abundance for birds counted at forest plots by location (within the Heritage Area vs regional Tier 1 plots) and rotation. Bars = standard error. Overall Repeated Measures ANOVA: ***P<0.001.
	Table 20: Post-hoc comparisons using Tukey HSD test of Naturalness (Abundance) for birds counted at forest sites by Area (within the Heritage Area vs regional Tier 1 plots) and rotation (R1 = rotation 1, R2 = rotation 2, R3 = rotation 3), n = number of bird survey plots.  
	P values
	n
	Area - Rotation
	Regional- R2
	Regional - R1
	Heritage Area - R3
	Heritage Area - R2
	Heritage Area - R1
	22
	Heritage Area - R1
	0.582
	22
	Heritage Area - R2
	0.888
	0.994
	22
	Heritage Area - R3
	P<0.001
	P<0.01
	P<0.001
	37
	Regional - R1
	0.905
	P<0.01
	P<0.05
	P<0.001
	37
	Regional - R2
	0.235
	P<0.05
	P<0.001
	P<0.01
	P<0.05
	37
	Regional - R3
	Table 21: Post-hoc comparisons using Tukey HSD test of Indigenous Abundance for birds counted at forest plots by Area (within the Heritage Area vs regional Tier 1 plots) and Rotation (R1 = Rotation 1, R2 = Rotation 2, R3 = Rotation 3), n = number of bird survey plots.  
	n
	P values
	Area - Rotation
	Regional - R2
	Regional - R1
	Heritage Area - R3
	Heritage Area - R2
	Heritage Area - R1
	22
	Heritage Area - R1
	0.978
	22
	Heritage Area - R2
	P<0.001
	P<0.05
	22
	Heritage Area - R3
	P<0.001
	0.999
	0.998
	37
	Regional - R1
	0.132
	0.235
	0.275
	0.718
	37
	Regional - R2
	0.119
	P<0.001
	0.999
	P<0.001
	P<0.05
	37
	Regional - R3
	Table 22: Post-hoc comparisons using Tukey HSD test of Introduced Abundance for birds counted at forest plots by Area (within the Heritage Area vs regional Tier 1 plots) and Rotation. (R1 = Rotation 1, R2 = Rotation 2, R3 = Rotation 3).
	P values
	n
	Area - Rotation
	Regional - R2
	Regional - R1
	Heritage Area - R3
	Heritage Area - R2
	Heritage Area - R1
	22
	Heritage Area - R1
	0.343
	22
	Heritage Area - R2
	0.884
	P<0.05
	22
	Heritage Area - R3
	0.110
	P<0.01
	P<0.001
	37
	Regional - R1
	0.969
	P<0.05
	P<0.001
	P<0.001
	37
	Regional - R2
	0.997
	0.999
	0.063
	P<0.01
	P<0.001
	37
	Regional - R3
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	Figure 15: (a) Naturalness (Richness), (b) Indigenous and (c) Introduced Abundance for birds counted at forest plots by area (within the Heritage Area vs regional Tier 1 plots) and Rotation. Bars = standard error. Overall Repeated Measures ANOVA: ***P<0.001.
	Table 23: Post-hoc comparisons using Tukey HSD test of Naturalness (Richness) for birds counted at forest plots by Area (within the Heritage Area vs regional Tier 1 plots) and Rotation. (R1 = Rotation 1, R2 = Rotation 2, R3 = Rotation 3). 
	P values
	n
	Area - Rotation
	Regional - R2
	Regional - R1
	Heritage Area - R3
	Heritage Area - R2
	Heritage Area - R1
	22
	Heritage Area - R1
	0.477
	22
	Heritage Area - R2
	0.998
	0.238
	22
	Heritage Area - R3
	P<0.001
	P<0.001
	P<0.001
	37
	Regional - R1
	0.977
	P<0.001
	P<0.001
	P<0.001
	37
	Regional - R2
	0.446
	0.114
	P<0.05
	P<0.01
	P<0.001
	37
	Regional - R3
	Table 24: Post-hoc comparisons using Tukey HSD test of Introduced Richness for birds counted at forest plots by Area (within the Heritage Area vs regional Tier 1 plots) and Rotation. (R1 = Rotation 1, R2 = Rotation 2, R3 = Rotation 3). 
	P values
	n
	Area - Rotation
	Regional - R2
	Regional - R1
	Heritage Area - R3
	Heritage Area - R2
	Heritage Area - R1
	22
	Heritage Area - R1
	0.808
	22
	Heritage Area - R2
	0.938
	0.252
	22
	Heritage Area - R3
	P<0.001
	P<0.001
	P<0.001
	37
	Regional - R1
	0.656
	P<0.01
	P<0.001
	P<0.001
	37
	Regional - R2
	0.999
	0.499
	P<0.05
	P<0.001
	P<0.001
	37
	Regional - R3
	Table 25: Repeated Measures ANOVA model results for time effects (trends) for bird surveys conducted at Terrestrial Biodiversity Monitoring Programme plots in the Heritage Area and at regional plots across Auckland region over rotations 1 (2009-2013), 2 (2014-2018) and 3 (2019-2022).
	This 14-year study focussed on forest birds within the Heritage Area, has revealed significant variation both when comparing within the Heritage Area over time, as well as within the Heritage Area compared to the regional forest plot network. As discussed in Landers et al (2021), the caveat must be applied that point counts, although very useful for monitoring, disproportionately detect more conspicuous birds that are more easily heard and seen compared to more cryptic, quieter birds (Hartley 2012). Given we were most focussed on understanding large scale changes across the Heritage Area and any detectable trends over the three rotations, the consistently applied 10MBC method with good sample sizes has meant robust inferences are able to be made.
	This study is the first attempt at looking at trends within the forest plot network, which has been made possible with the availability of data from three rotations.
	This study has shown the diverse community of birds and its high ecological integrity that exists within the Heritage Area. We encountered 66 different bird species over rotation 3, with approximately 75 per cent of all individual birds counted indigenous. When comparing the Heritage Area to the regional means over the last five years, the Naturalness variables were both significantly higher in the Heritage Area for Abundance (76% vs 67%, P<0.001, Figure 14) and Richness (67% vs 57%, P<0.05, Figure 15).
	The main driver for the higher Naturalness of the Heritage Area in comparison to the region is the lower number of introduced species, with surveys counting on average less than three introduced species at plots compared to greater than four throughout the regional plot network (P<0.05). The higher variation in introduced birds, in contrast to indigenous birds which were more stable throughout the Heritage Area and the region, was also a key finding found in a recent 10-year bird study that looked at both regional averages as well as other highly managed areas in Auckland (Landers et al 2021). These latest ‘state’ data further confirm this trend and remind us that the Heritage Area is an important ecological area that is maintaining good ratios of indigenous to introduced birds (i.e., has high ecological integrity). Thus, we need to continue to protect the Heritage Area given there are few locations like it on our mainland. The Heritage Area 76 per cent Naturalness (Abundance) is close to the high levels found only in other highly managed areas in Auckland such as at Tāwharanui (~78%) and on islands like on Aotea (~80%, Landers et al 2021).
	Indigenous species were counted more often within the Heritage Area in comparison to introduced species (four out the five most abundant species were indigenous). In terms of individual species, tauhou/silvereye was the most commonly counted bird over the last five years, but riroriro/grey warbler, tūī, and pīwakawaka/fantail were also very abundant, as were the introduced species manu pango/blackbird and pahirini/chaffinch (Table 18). Abundance of tauhou, riroriro, and pīwakawaka doubled in comparison to the five years prior, a trend also seen in the latest Garden Bird Survey for tauhou and pīwakawaka (Hayman et al 2022). Similarly, Lovegrove and Parker’s 22-year study (in review) in the Heritage Area also found increased tauhou, as well as riroriro and korimako/bellbird, but not pīwakawaka which appeared to have stable populations. The lack of change in pīwakawaka abundance detected by Lovegrove and Parker in contrast to our survey results could relate to the different methodology used, which was to conduct 5MBCs at bird stations located along specific walking tracks. Our survey plot network in the Heritage Area covered a broader area across the Ranges given the plots were established based on a sample grid, whereas the locations of Lovegrove and Parker’s walking-track stations were not spread as evenly across the Heritage Area.
	Our first trend analysis of bird data from the forest plot network revealed that more indigenous birds are being counted both within the Heritage Area and across the region over the last 14 years: from approximately nine per count in earlier surveys to approximately 13 individuals per count in more recent counts (P<0.001, Figure 14, Table 21). Introduced birds also slightly increased within the Heritage Area: from approximately three per count in early surveys to approximately four individuals in more recent counts (P<0.05, Figure 14, Table 22). Lovegrove and Parker (in review) found a similar general trend across their 22 year study, which they discuss as potentially related to pest management efforts in the Waitākere Ranges given there are a number of studies documenting increased indigenous bird numbers in areas where management is carried out (Lovegrove 1988, Veltman 2000, Byrom et al 2016, Ruffell and Didham 2017, Miskelly 2018, Fitzgerald et al 2019, Lovegrove and Parker (in review)).
	The increase in both indigenous species and individual birds identified in this study is difficult to pinpoint, especially with this trend also being seen across the region (with the indigenous birds). This general increase may relate to a combination of factors relating to forest condition (e.g., habitat quality/management success; see next section), and also to environmental changes, such as more extreme and variable weather patterns that have been predicted to occur in Auckland as a result of climate change (Pearce et al 2018). The recent cycling of wet and dry years, as well as the variation of east coast and west coast weather conditions relating to El Niño-Southern Oscillation (Trenberth 2023), are likely to have significant effects on the ecology and breeding biology of avifauna in Auckland (Grosbois et al 2008, Bishop and Landers 2019), however these changes are yet to be understood, particularly on sub-regional scales. Drought will likely have costly effects on birds, whereas increases in rain may benefit birds though the increases in plants and lower trophic fauna (i.e. increased food availability). Further remeasures from the TBMP will help elucidate these effects.
	The state and preliminary trends seen in this study within the Heritage Area support the long-established understanding that it is of high ecological value for birds as well as other terrestrial biodiversity, which is related to the extensive high-quality forest habitat that exists there (Griffiths et al 2021, Landers et al 2021 and references within), but also the success of implemented management. Bird communities are known to vary across the landscape with the highest degree of naturalness (percentage of indigenous species) tending to be concentrated in more highly managed areas and where large indigenous forests exist (Landers et al 2021). The higher degree of naturalness and increasing abundance of indigenous birds found in this study compared to the region in general support the identification of the Heritage Area as a management priority in the region that needs prolonged and continued efforts to both protect and continue to enhance its significant biodiversity.
	One of the greatest pressures affecting birdlife in the Heritage Area is pest animals (Innes et al 2010, Baker et al 2014, Byrom et al 2016). Possums are generally ‘under control’ (Auckland Council 2015, 2018, Auckland Council Research and Evaluation Unit RIMU 2021) following a multi-decade, successful programme, although this needs to continue to keep Residual Trap Catches (RTCs) below threshold levels.
	The more serious pressure remains from the ‘other’ pest animals, namely mice, rats, and mustelids (stoats, weasels, ferrets, Innes et al 2010). In some cases, possum control has been shown to increase rat numbers, likely a consequence of more food available to other pests with the reduced possum competition (Innes et al 2010, Ruscoe et al 2011, Masuda et al 2014), however by controlling rats and possums at the same time bird populations can improve (Byrom et al 2016 and references within). There is a clear need to control a variety of pest animals to allow indigenous birds to reach resilient population sizes (Innes et al 2010, Byrom et al 2016). Resilient populations are especially important for Threatened and At Risk species which have added pressure from the potential negative consequences of climate change (Bishop and Landers 2019, Auckland Council 2020). Thus, future management needs to continue to be ‘raising the bar’ to reduce the full spectrum of pest animals to levels that result in significant biodiversity gains by allowing more indigenous birds species to reach resilient population sizes (Lovegrove and Parker in review). This could lead to the Heritage Area becoming an even more important biodiversity area by allowing more Threatened species, including seabirds, to thrive there (Davis et al 2018, Stolpmann et al 2019, Landers 2022). 
	The conservation of Heritage Area indigenous avifauna is also important for maintaining and enhancing forest health. Birds have important ecological roles, namely as pollinators, seed dispersers and predators (Clout and Hay 1989, Kelly et al 2010, Young et al 2012). The Heritage Area is also a vital foraging (food source) area for birds from local and neighbouring areas, and as a population source for birds to reproduce and then disperse to other areas in the region and further (Landers et al 2018, Landers et al 2019). All of these factors highlight the vital importance the Heritage Area has to the Auckland region.
	5 Summary
	The analysis of land cover, canopy cover, and landslides in the Heritage Area reveals important insights into vegetation change and its impacts. The findings highlight the dominance of indigenous vegetation, comprising 81 to 85 per cent (22,000 hectares) of the Heritage Area. Forest and scrub/shrubland are the primary land cover classes, occupying 62 per cent and 22 per cent of the land area, respectively. At this broad scale, land cover classes have shown relative stability over a six-year period (2012-2018).
	Forest canopy cover and height distributions vary across different Auckland Unitary Plan zones within the Heritage Area. The Public Open Space zone exhibits the highest canopy cover (84%), followed by Rural (69%), Residential (59%), and General zones (56%). The distribution of canopy height follows a similar pattern across all planning zones, with most of the forest canopy surface area concentrated in the lower height classes. 
	The results obtained from the analysis of canopy loss events in the Heritage Area between 2013 and 2016-2017  provide valuable insights into the extent and distribution of canopy loss, and the contributing factors and associated land zones. Thousands of small canopy loss events were identified during this period, resulting in a total loss of 50 hectares of canopy cover without any vegetation remaining above three metres in height. This loss accounts for approximately 0.2 per cent of the total land area in the Heritage Area. These myriad small events contribute to the natural dynamics and ecological processes within the forest ecosystem. It is unclear what proportion of these losses are the result of deliberate clearance or natural processes, however, this appears to vary by zone. There was no clear evidence to suggest losses within the public open spaces were the result of deliberate removal. 
	Landslide analysis detected a significant number of landslides (more than 150) in the Waitākere Ranges Regional Park (within the Heritage Area), triggered by intense rainfall in August 2021. These landslides, mainly small shallow slides and flows, have caused vegetation loss, affecting approximately 18 hectares of forest. Most of the impacted forest comprises mature kauri, podocarp, and broadleaved forests. Further research and monitoring are necessary to fully understand the causes, ecological processes and biodiversity impacts of these landslides and those experienced in 2023.
	There are no large-scale changes in the forest over the period of monitoring. Forest in the Heritage Area continues to recover from widespread disturbance from logging, burning, gum digging and clearance for farming which largely occurred prior to the 1940s. The most disturbed areas are now in regenerating forest types which make up 42 per cent of the forested area. Areas that were less disturbed or unlogged are classed as the dominant warm kauri-podocarp-broadleaved forest and make up 45 per cent of the forest area (other warm forest types make up a further seven per cent in total). Both warm (kauri-podocarp-broadleaved) and regenerating forest are highly species diverse, dominated by indigenous plants and following expected successional pathways. 
	The warm (kauri-podocarp-broadleaved) forest is structurally complex supporting a wide range of conifer and canopy broadleaved tree species including rewarewa, tawa, rimu, kohekohe, kauri, white maire, tōtara, kahikatea, northern rātā, pōhutukawa and miro. Warm forest has higher woody species basal area than regenerating forest dominated by conifer and canopy broadleaved species and a lower density of stems, typical of late successional maturing forest. Regenerating forest has low basal area of conifer and canopy broadleaved species, but good canopy closure and a high stem density, especially of sub-canopy broadleaved species typical of mid-successional regenerating forest. 
	The Heritage Area also supports a diverse range of bird species. Our surveys indicated that the most commonly counted birds were indigenous species, with half of all the birds counted being endemic species that are only found in New Zealand. There were significantly fewer introduced species within the Heritage Area in comparison to what was counted on average at other sites across the region, identifying how important the Waitākere habitat is for supporting indigenous biodiversity. Our 14-year study also showed that indigenous species are increasing over time, with some notable rises in the presence of tauhou, riririro, pīwakawaka, and korimako in the Heritage Area. To continue this trend and to potentially restore Heritage Area birdlife to a more natural functioning state (similar to what can be seen on predator-free Hauraki Gulf islands, Landers et al 2021), management of pest animal pressures will need to continue and be expanded.
	There is a large amount of investment and effort spent in managing and protecting the Waitākere Ranges Heritage Area and the Waitākere Ranges Regional Park. A variety of management activities target pest plants as well as reducing weed density on private property in residential areas. Pest plant management is carried out for priority ‘buffer’ species including climbing asparagus, bushy asparagus, wild ginger, moth plant, woolly nightshade and rhamnus. (Auckland Council, 2020). Additional work is also underway to eradicate Low Incidence Pest Plants (LIPP) such as Cathedral Bells (Cobaea scandens). Pest animal management activities target the main pest animal species: possums, feral pigs, feral deer, feral goat, rats, mustelids, rabbits, and feral cats. The Waitākere Local Board funds a range of community initiatives such as pest and weed control, planting and education. The 2021 Waitākere Ranges Kauri Population Health Monitoring Survey (Froud et al, 2022) revealed that closing the Heritage Area was successful in limiting distribution of the kauri dieback pathogen to localised areas on the periphery of the regional park, and that it is not as widespread as previously thought.
	The high ecological integrity of forest and high percentage of indigenous birds (with some notable increases) reported here arises in part from the large, unfragmented and continuous characteristics of the Heritage Area, and from ongoing management to limit weed and pest pressures. There remain areas of concern, however, from the current and potential future impacts of pest animals, plant pathogens, weeds and climate change. Froud et al (2022) noted that areas of elevated risk for kauri dieback still exist. The presence of myrtle rust continues to present a future threat to myrtaceous species including kānuka, mānuka and pōhutukawa and could severely impact species that are both rare and highly susceptible such as ramarama. The recent extremes in drought and rainfall events generating widespread land slips show how rapidly climate change may impact forest processes and reinforces the need to continue active management of pressures to protect and support the forest ecosystem to continue its own regeneration. 
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