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 EXECUTIVE SUMMARY  

This document presents an ecological review and assessment of the effects of land-use change on the long-tailed bat 
(Chalinolobus tuberculatus) to inform the urbanisation of the Peacocke Structure Plan Area (PSPA) in Hamilton. To this 
end, it provides:  

▪ A summary review and analysis of current scientific understanding of long-tailed bat distribution and habitat 
requirements and habitat use within, and adjacent to, the PSPA;  

▪ A synopsis on the likely direct and indirect adverse effects of urbanisation on long-tailed bats and their habitats 
within the PSPA;  

▪ Recommendations for effects management, including measures to avoid, remedy, mitigate and monitor effects, 
as well as measures to offset or compensate for effects that cannot be avoided, remedied or mitigated; and 

▪ Recommendations for ecological performance standards and habitat protection/enhancement measures to 
avoid, remedy, mitigate and monitor adverse effects on bats and their habitats. 

A population of long-tailed bats regularly use the PSPA for foraging, commuting and roosting. Within the PSPA, the 
riparian margins of the Waikato River, the Mangakotukutuku Gully and treeland areas containing known roosts trees 
for bats, are considered to be key habitats for foraging, commuting and roosting. However, to varying degrees, bats 
are also using a variety of other exotic and indigenous habitats for foraging and/or commuting. 

This habitat usage is consolidated by a network of exotic and indigenous stands of trees and mature shelterbelts 
scattered through this largely pastoral environment. These lines of shelterbelts and patchily distributed stands of 
mature trees enable bats to move around this landscape as they use these features as navigational features to guide 
them to and from key habitats.  

This population of bats is also utilising the wider urban and peri-urban areas of southern Hamilton, including the 
riparian margins of the Waikato River, other gully systems, and planted parkland including the Hamilton Gardens, 
Sandford Park and Hammond Park as foraging, commuting and roosting habitat. Evidence suggests that in certain 
instances, long-tailed bats are able to discover and utilise these habitats within existing urban and peri-urban 
environments. 

The potential impacts on long-tailed bats and their habitats associated with urbanisation of the PSPA area include: 

▪ Loss and modification of habitat; 

▪ Severance or partial severance of connectivity;  

▪ Disturbance effects such as an increase in artificial lighting; and   

▪ Increases in predation by introduced mammalian animals.  

Recommendations for protecting bat populations and enhancing their habitats as the PSPA becomes urbanised as 
discussed in this report. Avoidance and protection measures include: 

▪ Identification of the key bat habitats within and adjacent to the proposed urban areas, and an understanding of 
how the bats utilise those habitats;  

▪ Adopting cross-discipline mechanisms and performance standards in urban design and construction to address 
direct and indirect effects on bat habitats; and 

▪ Implementation of vegetation removal protocols across the entire PSPA applied to identified potential roost trees, 
and strategies to avoid or mitigate adverse effects of the loss of these trees for bats, including installation of 
artificial roost boxes or cavity bearing trees, which are protected and maintained as such. 

 

Mitigation measures and measures relating to offsetting and compensation opportunities recommended include: 

▪ Mechanisms to protect and enhance the structural and functional attributes of existing, restored and re-created 
‘greenspace’ areas within the PSPA which have, either wholly, or partly, been identified as bat habitats; 

▪ Protection and enhancement measures for areas identified as ‘key bat habitats’ in this report; 

▪ Creation of ‘bat buffer zones’ adjacent to key bat habitats, at least 20 m in width, with a 5 m setback to buildings, 
to provide foraging and commuting habitats; 
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▪ Creation of linking ‘bat corridors’, at least 50 m wide (with a 5 m setback on each side) to create connections to 
high value habitats within and adjacent to the PSPA, wherever possible following existing tree lines and/or gullies; 

▪ Buffering from new development of communal roosts by at least 50 m and of non-communal roosts by 25 m; 

▪ Early planting of new bat foraging and commuting vegetation, well ahead of development phases affecting bat 
habitat; 

▪ Ecological performance standards relating to artificial lighting and the design, composition, density and height of 
vegetation needed to create bat habitats, buffers and corridors, including a multi-disciplinary review of current 
infrastructure design and lighting standards adjacent or dissecting these key habitats; and 

▪ Adherence to best practice effects management and offsetting methodologies for evaluating, protecting and 
recreating bat habitats during the design and impact assessment stages of urban development; 

 

Measures allowing for adaptive management, including monitoring, include: 

▪ Developing guidelines to assist in the assessment and quantification of moderate and low value bat habitats 
within the PSPA, in order to allow for consistent approaches to determining ecological values and offset mitigation 
associated with loss, modification or fragmentation of those habitats associated with urbanisation;  

▪ Investigation of a PSPA wide animal pest control programme, in collaboration with other key stakeholders, 
particularly those with statutory obligations to protect bats, such as the Department of Conservation and Waikato 
Regional Council, targeting the key animal pests of long-tailed bats in urban areas, and including measures to 
control the widespread introduction of domestic cats as urbanisation occurs; and 

▪ Fostering and contributing towards further research on the effects of urbanisation on long-bat populations and 
their habitats, including monitoring the effectiveness of avoidance and mitigation measures. 
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1 INTRODUCTION 

1.1 Report scope and purpose 

The authors of this document have been engaged by Hamilton City Council (HCC) to collate a high-level ecological 
review on the effects of land-use change on long-tailed bats (Chalinolobus tuberculatus) to inform the urbanisation of 
the Peacocke Structure Plan Area (PSPA).  

To this end, the document presents: 

▪ A summary review and analysis of current scientific understanding of long-tailed bat distribution and habitat 
requirements and habitat use within, and adjacent to, the PSPA (section 2); 

▪ A brief synopsis on the likely direct and indirect adverse effects of urbanisation on long-tailed bats and their 
habitats within the PSPA based on a review of international and local research and findings (section 3); and  

▪ Recommendations for effects management, including measures to avoid, remedy, mitigate and monitor effects, 
as well as measures to offset or compensate for effects that cannot be avoided, remedied or mitigated. 
Performance standards and habitat protection/enhancement measures to avoid, remedy, mitigate and monitor 
adverse effects on bats and their habitats, based on current local and international best practice (section 4).  

This report should be considered in conjunction with two other technical ecology reports prepared for HCC: 

▪ PSPA Assessment of Ecological Significance report (Kessels & Baber 2021) 

▪ PSPA Biodiversity Effects Management Framework report (Baber & Kessels 2021) 

While this report pertains to the PSPA, bats are a highly mobile species and the successful conservation of bat 
populations needs to consider a wider landscape context and the resource needs of the home range of the population, 
which covers a larger area than the PSPA. Thus, where necessary, the requirement to consider effects, monitoring and 
management measures beyond the boundaries of the PSPA are referred to in this report. 

1.2 Background 

The PSPA comprises approximately 720 ha of rural land on the southern fringe of Hamilton (Figure 1) and was initially 
zoned in 2007 to provide a framework for guiding urban development within the PSPA. The PSPA is the city’s primary 
growth area and when fully developed, is likely to accommodate around 8,000 homes (Hamilton City Council 2019)1. 

Hamilton City Council (HCC) is currently reviewing the Peacocke Structure Plan (PSP) to address changes in the 
infrastructure needs of the city in this locality and update and improve the provisions relating to the PSP to reflect 
changes in the legal and planning framework in recent years. The PSP review will consider policy and rules to protect, 
recreate and restore biodiversity values of habitats of indigenous fauna and the Waikato Regional Policy Statement. 

Because of a recorded decline in distribution of known bat populations and susceptibility to predation, long-tailed 
bats - one of New Zealand’s only two extant terrestrial indigenous mammals - are afforded the highest threat status 
by the Department of Conservation (DOC) of Threatened – Nationally Critical (O’Donnell et al. 2018). Species that are 
threatened with extinction are indigenous species that have been evaluated and placed within any of the ‘Threatened’ 
or ‘At Risk’ categories within the New Zealand Threat Classification System (Townsend et al. 2008) and are relevant to 
determining significant biodiversity habitat in the Waikato region. In this case, vegetation or features (exotic as well 
as indigenous) that provide habitat for long-tailed bats will trigger criterion 3 of table 11-1 of the Waikato Regional 
Policy Statement (WRC 2018) and in addition, requires recognition and protection of habitat under section 6(c) of the 
Resource Management Act 1991 as a matter of national importance. 

Long-tailed bats have complex lifecycles and wide-ranging habitat usage requirements (O’Donnell 2000). Long-tailed 
bats appear to be adaptable enough to utilise intensively farmed rural and semi-rural land, as well as habitats within 
and along the margins of some of New Zealand’s urbanised areas (Dekrout et al. 2014).  

 

1 https://ourhamilton.co.nz/growing-hamilton/whats-the-plan-for-peacocke/ accessed 19 April 2021 

https://ourhamilton.co.nz/growing-hamilton/whats-the-plan-for-peacocke/
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Research shows that a population of long-tailed bats is regularly using parts of the PSPA throughout the year for 
foraging, commuting and roosting habitat (e.g., Davidson-Watts 2018). This population is also using the wider 
landscape outside of the PSPA as part of its home range. They utilise a wide range of habitats in this rural landscape, 
comprising both exotic and indigenous vegetation which varies on a seasonal basis. Research shows habitats used 
includes treeland, shelterbelts, vegetated riparian margins, well-vegetated gully systems and wetlands, open water, 
such as the Waikato River, pasture areas and mature trees, for roosting and foraging as well as visual cues in the 
landscape for commuting pathways.  

There are several main factors causing the decline of long-tailed bats in New Zealand. Habitat modification and 
fragmentation due to urban and infrastructure development in rural landscapes is likely a factor (Jones et al. 2019). 
Predation and competition from introduced mammals such as cats and possums, is also likely to be a significant factor 
threatening the sustainability of bat populations throughout New Zealand (O’Donnell 2017).  
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Figure 1 Peacocke Structure Plan Area (map supplied by Hamilton City Council)   
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2 EXISTING UNDERSTANDING OF HABITAT USE BY LONG-TAILED BATS  

2.1 Summary of bat research relating to the PSPA 

A number of international, national and Hamilton-focussed bat research studies shape our understanding of bat 

populations and habitat use as it pertains to how long-tailed bats utilise potential habitat within the PSPA. 

Internationally, small insectivorous bat species (such as long-tailed bats), are considered one of the more challenging 

terrestrial mammal groups to study due to their small size, nocturnal behaviour, complex behavioural traits and high 

mobility (Collins 2016). There have been several studies undertaken on bat species which are useful to draw 

comparisons with long-tailed bats, such as Jung & Threlfall (2016).   

Long-tailed bats use of habitats needs to be considered at the landscape scale, in that they rely on and use a range of 

habitats within a relatively large area, often over 100km2, and throughout the year, as seasonal use of these habitat 

changes from spring to summer to winter (O’Donnell, 2001b). Thus, the need for properly controlled experiments, 

providing an evidence-based platform to determine behaviour and habitat usage through the seasons and over at 

least three to five years, remains critical to support our understanding of current habitat use and in developing 

measures to protect and enhance habitat for bats in these landscapes. This is particularly the case in landscapes where 

land use changes are prosed to modify the features shown to be key habitats.  

The majority of New Zealand-based research of how long-tailed bat use habitat and roosts within a landscape is 

derived from several studies which have predominantly focused on their use of South Island native beech forests (e.g., 

O’Donnell et al. 2007, O’Donnell 2006). In recent years, observations and studies of long-tailed bats using marginal 

and/or modified or exotic habitats in rural and urban North Island landscapes are becoming increasingly frequent in 

other areas of New Zealand (e.g., Griffiths 2007, Borkin and Parsons 2010, Davidson-Watts, 2019).  

Inferences on habitat use and behaviour can also be drawn to some extent from observations of bats using habitats 

associated with ecological effects assessments (e.g., Mueller & Kessels 2014). However, this approach does not 

necessarily provide a high level of scientific confidence of the factors influencing long-tailed bats habitat selection (or 

avoidance) preferences. These assessments are targeted to specific development proposals and often do not have the 

opportunity to collect sufficient data to provide statistically robust data. Nonetheless, ‘grey literature’ from 

consultancy assessments can be useful in validating or directing where knowledge gaps are, and where future research 

is required, which over time is leading to a deeper understanding of long-tailed bats’ habitat requirements and the 

factors which influence their use of that habitat.  

In addition, there are several academic studies underway at present studying long-tailed bats. For example, a doctoral 

research study is underway investigating the use of artificial lights on urban long-tailed bat behaviour, using Hamilton 

as the study site. This emerging research will likely provide invaluable knowledge to help inform bat habitat 

requirements, which could be incorporated into urban infrastructure design in the PSPA. 

Three studies of long-tailed bats in Hamilton have used radio tracking or modelling to study bats use of habitat within 

Hamilton, and in particular southern Hamilton, including the PSPA. These studies provide the basis of the current 

understanding of the distribution; habitat use and status of long-tailed bats in the PSPA. The studies assessed habitat 

use to consider foraging/flying activity/presence, as well as roosting locations. In addition, long term bio-acoustic 

studies of long-tailed bats have been undertaken in city-wide bats surveys (e.g., Mueller and van der Zwan 2020). 

While the bio-acoustic city-wide surveys are arguably less scientifically robust than radio tracking, they have provided 

valuable insights into distribution and habitat use by bats of peri-urban and urban areas of Hamilton City.  

A summary of the findings and limitations of the principal research underpinning this report are as follows: 

▪ Dekrout (2009) and Dekrout et al. (2014) used acoustic and radio telemetry (radio tracking) surveys to provide a 
city-wide approach and the first baseline data on activity and habitat usage. However, the radio tracking was 
limited to bats captured at Hammond Park, and this may have resulted a high male bias (most of the tracked bats 
were male) and an element of pseudo replication due the same site being used for the samples (i.e., the captured 
bats).  
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▪ Le Roux and Le Roux (2012) undertook a city-wide bioacoustics survey which found that 87.5% of the confirmed 
bat habitats were classified as ‘riparian margins’ (43.75%) or ‘major gullies’ (i.e., situated 0-100 m from the 
Waikato River or a major gully which feeds into the Waikato River. The study was a one-off study, where site 
selection and the short duration of the survey may have skewed the findings to favour these sites. Surveys 
conducted using bioacoustics bat monitors only show activity of bats, but do not offer insight into detailed 
behaviour such as direction of travel, features used or numbers of bats present. However, subsequent city-wide 
surveys, such as Mueller et al. (2017), continue to validate the findings of this original city-wide bioacoustics 
survey.  

▪ Crewther and Parsons (2017) provide a modelling approach to determine bat habitat use based on presence data 
of bats in various habitats from the city-wide bat surveys. This approach makes predictions on localities bats are 
likely to use as habitats. However, confidence of the predictions is only as good as the data entered into the model 
and the accuracy of the data for the model variables, and the city-wide surveys were limited in terms of site 
location and duration of survey episodes. 

▪ Davidson-Watts Ecology (Pacific) 2018 & 2019 (DWEP) provides data with high confidence levels in the 
determination of habitat use and roost locations in southern Hamilton. While this study primarily focused on 
areas potentially impacted by the Southern Links development, these data also correspond well to the spatial 
extent of the PSPA. Many of the bats radio tracked during these surveys roosted and flew within the PSPA. 
However, radio tracking can only provide a relatively small sample of the population from which other inferences 
can be made. For instance, only one trapping survey (which was unsuccessful) was carried out in the PSPA, thus 
limiting the sample size of bats specifically using the PSPA. 

2.2 Distribution and habitat use by long-tailed bats in southern Hamilton as it 
relates to the PSPA 

A multi-species study, exploring a hypothesis of a global test of the ‘urban tolerance’ for bats shows that insectivorous 

microbat species, with open and edge space foraging and trawling behaviours, as well as exhibiting flexible roosting 

strategies, seem to be better able to adjust to urban landscapes than others (Jung & Threlfall, 2016). Long-tailed bats 

exhibit similar behavioural traits and ability to adapt to modified habitats to some of the species studied in 

international research (Jones et al 2019).  

The primary habitat features that allow this animal to persist within Hamilton, and particularly in the southern peri-
urban/rural residential landscape of Hamilton, are the relatively deep and connected swaths of well-vegetated riparian 
margins of the Waikato River and gullies feeding into the river, which bats use as roosting and foraging habitat. This 
habitat usage is consolidated by a network of exotic and indigenous stands of trees and mature shelterbelts scattered 
through this largely pastoral environment. These lines of shelterbelts and patchily distributed stands of mature trees 
likely enable bats to move around this landscape, as they use these features as navigational cues to guide them on 
their travels to and from the key habitats.  

Dense urban areas are less utilised by bats, even when suitable habitat is present within these areas. For example, 
while Dekrout (2009) found that bat activity was strongly correlated with the reaches Waikato River in southern 
Hamilton (south of the Cobham Bridge) and topographical complexity (3 m contour line density), habitat usage was 
negatively correlated with housing and streetlight density.  

Research to date shows that southern Hamilton provides home to at least one population of long-tailed bat and that 

the PSPA is likely a critical part of that home range (Refer to Figures 3, 4 and 5). The population size is not known, 

however DWEP (2019) found the largest single count of emerging bats (39) near Narrows Park, and 34 bats were 

discovered roosting in a kahikatea tree south of the PSPA boundary. The majority of these bats were ringed at the 

latter roost site in 2018. A high proportion of these bats were recaptured at another roost 1.5 km to the north-east, 

indicating that the size of the maternity population is relatively small (perhaps less than 50 females).  

Individual long-tailed bat homes ranges are an average of circa 700–1600 ha, with a range span averaging 5–10 km 

(O’Donnell 2001b; O’Donnell et al. 2006). Generally, male’s ranges are smaller than for breeding females. The 

Hamilton long-tailed bat population makes use of exotic and indigenous vegetation across a large home range, 

perhaps extending over an extent of 5-10 km. Based on the existing evidence, the home range of the long-tailed bat 

population, which the PSPA forms part of, is likely is distributed from Glenview/Rest Hills Park in the west, the southern 
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fringes of Hamilton Airport and Mystery Creek to the south, Matangi to the east, and at least The Hamilton Gardens, 

Hammond and Sandford Park to the north/north east (see Figures 2-4 below). This population appears to have roosting 

foci in mature stands of exotic trees (including artificial roosts) in Sandford Park, Mangakotukutuku Gully, stands of 

trees in the Raynes Road area including nearby gullies, stand of trees the Narrows Park area which regularly supports 

multiple maternity roosts, and remnant native forest stands, such as a number of small kahikatea stands to the south 

of the PSPA. Adult male bats appear to be more sporadically distributed within the overall ranges of these populations. 

However, Hammond Park is regularly used by adult males and is possibly an important mating area.  

This population is likely part of a wider metapopulation2 of long-tailed bats in this locality. Bats have been detected 

throughout the rural landscape south, east and west of Southern Hamilton (G. Kessels, pers. obs.) and are very likely 

more widespread in the Waikato region than records in the current Department of Conservation national bat database 

suggests. The movement and visitation of individual bats from one population to another likely occurs regularly and 

thus the metapopulation as a whole is often stable because immigrants from one population (which may, for example, 

be experiencing a population boom) are likely to re-colonise habitat, and/or mate with, other adjacent populations. 

They may also emigrate to a small population and ‘rescue’ that population from extinction (called the rescue effect).  

These interactions between individual bat populations allow the species to become more resilient to habitat changes 

and predation threats at a wider meta-population scale. 

The PSPA therefore likely provides an important role in providing habitat for this population, such as the riparian 

margins of the Waikato River and the Mangakotukutuku Gully. The PSPA also likely provides commuting corridors 

through the presence of mature tree shelterbelts and mature stands of trees in open pastureland largely devoid of 

artificial lighting, which provide commuting corridors to nearby roosting and foraging habitats within and outside of 

the PSPA.  

2.3 Specific habitat requirements by long-tailed bats in southern Hamilton  

2.3.1 Preferred habitat characteristics of long-tailed bats  

Long-tailed bats require large home ranges so that bats can find enough resources in the environment for feeding, 
roosting and socialising. Individual bats tend to spread out in the landscape to reduce competition (Dekorut 2009). 
Davidson-Watts (2019) found the long-tailed bat population south of Hamilton used a broad area of at least 52 km2 
spanning 9.5 km (see Figure 4). As a consequence, habitat connectivity or distance to the Waikato River/major gullies 
emerged as the single most significant explanatory variable found in statistical modelling from the city-wide 
bioacoustic surveys, highlighting the importance between habitat type and distance to the river/gullies for bats. 
Overall, it was found that bat activity significantly increased with:  

▪ Decreasing distances from well-connected habitats and linear landscape features (gullies and river); and  

▪ Increasing distances from the city centre and levels of human activity. Pass rates were consistently highest at 
habitats where houses, roads and streetlights were lowest. Even slight increases in the number of roads and 
streetlights resulted in decreases in pass rates indicating bats generally do not persist urban habitats at the 
population level. This could suggest that urbanisation related developments may adversely affect bats.  

Riparian margins, with dense indigenous and exotic trees and shrubs associated with riverine and gully landscapes, 
appeared to be critical habitat, as bats depend on access to key resources associated with these environments. These 
habitats provide: 

▪ Mature exotic and indigenous vegetation for roosting purposes; 

▪ Emergent aquatic insect prey (e.g., mosquitoes) for foraging (which can include foraging over areas of open 
pasture); 

▪ Freshwater for drinking; and 

▪ Linear landscape corridors for movement and navigation.  

 

2 A metapopulation is a population of number of sub-populations that is made up of the same species. Each subpopulation is spatially 
separated from the other subpopulations, but movement of individuals from one population to another occurs regularly. 
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Predictions of habitat use by Crewther and Parsons (2017) also found that gullies and vegetation were the key 

predictor of bat presence. They also found that adjacent land cover increased or decreased the likelihood of bat 

presence, and the presence of adjacent urban areas decreased the likelihood of bat presence. Crewther and Parsons 

go on to state, in line with Dekrout, that the recorded presence of long-tailed bats is concentrated in the peripheral 

urban areas of south and southwest Hamilton, even though suitable habitat occurs in the northern areas of Hamilton. 

Dekrout (2009) concluded that bat presence was positively correlated with the topographical complexity associated 

with gullies and negatively correlated with housing and streetlight density. Crewther and Parsons (2017), in their 

modelling study of bat habitat distribution in Hamilton City, concluded that:  

“Whilst gullies and vegetation have been shown to be the key predictors of bat presence, the likelihood of 

presence is also influenced (positively and negatively) by nearby land cover types and reduced in areas where 

housing and street lighting are most dense. Recorded presence data shows most detections occurring in 

clusters on the periphery of urban Hamilton, predominantly in the south and southeast, and only extending 

north to the east of the city in areas of pasture containing linear features such as hedges, and where housing 

and street lighting density is very low.” 

DWEP (2019) provides a ranking of habitat use by long-tailed bats based on where the entire known area of each 

tracked individual (known as their home range) and comparing this to where they spent the majority of their flying 

time (known as core areas). Using this approach, it was possible to determine what habitats radio tagged bats were 

selecting, as they often flew through large areas within their home range to get to specific sites for flying activities 

such as foraging, social behaviour and investigating or visiting roost sites. Top ranked habitats found from this study 

were those dominated by native or exotic forest, open water and water ways and parkland habitats. Parkland was 

described as more open than forest and usually a mosaic of treelines, hedges or scattered trees and grasslands 

including the city’s parks and golf courses. The least selected habitats were agricultural, urban and industrial which 

includes residential and the majority of pasture habitats (refer to Figures 3 and 4).  

While this research demonstrated that bats will disperse across open grassland, this is not preferred habitat as even 

when flying over pasture bats appear to require structural cues, such as vegetation edges, to bounce their 

echolocation calls off to navigate and to forage efficiently. As an edge-adapted species, it is likely that long-tailed bats 

use open pasture spaces predominantly only for commuting, as shown in a habitat preference modelling exercise 

undertaken by Parsons et al. (1997, Figure 2). Research indicates that foraging mostly occurs in pasture adjacent to 

shrubland, trees and open water adjacent to linear features, edges and gaps (O’Donnell 2001).  

Shelterbelts are likely an important part of bat habitat in this landscape. They can just be a single line of trees but they 

still provide shelter from the wind and darkness so bats can move along the edge without being detected by predators. 

The connectivity of the tree networks has been found to be important to allow bats to commute safely across the 

landscape. Figure 5 displays the current network of existing natural features (such as gully and river margin vegetation 

as well as shelterbelts and stands of trees) within the PSPA which likely provide habitat for bats. High value habitats 

are supported by data of bat presence, and moderate value habitats indicate ‘likely’ presence and regular use of a 

landscape feature by bats. The values of these features as bat habitat have been qualitatively assessed in this figure 

based on known and likely use of the features by bats as habitat, from ‘high value’ habitats (the margins of the Waikato 

River, Mangakotukutuku Gully and known roost sites), ‘moderate value’ habitats (areas containing vegetation, edge 

pasture habitat in topographical gradients near high value habitat which may be utilised by bats as commuting 

corridors, foraging habitats or contain potential bat roost trees), and ‘low value’ habitats (such as areas of open 

pasture which likely provide occasional foraging or commuting habitat for bats)3. Man-made structures, such as 

buildings and roads, are unlikely to provide habitat for bats. 

 

3 ‘High’ value bat habitats were determined by available presence data and known roost locations, and professional judgement of 
bat habitat usage. Professional judgment of bat behaviour and Southern Links radio tracking estimators were used to assign 
‘Moderate’ and ‘Low’ value habitats where habitat was determined by spatial analysis using 2019 four band Aerial Photography 
and ArcGIS. Normalised Difference Vegetation Index raster generation was used to obtain vegetation mapping. 
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2.3.2 Roosting habitat preference of long-tailed bats in southern Hamilton 

Long-tailed bats differ from many other bat species by frequently changing roosts and having low rates of roost re-
use (O’Donnell & Sedgeley 1999; Sedgeley 2003). Long-tailed bats preferably roost in the oldest, and largest trees in 
the landscape and switch roosts often and they use roosts with different characteristics during different stages of their 
life cycle. Communal roosts are known to be frequented by reproductive females and their young, whilst solitary 
roosting bats are mainly males and post-lactating females (Rockell et al 2017). 

The preference of a tree species in which bats roost is thought to be linked to the varying thermal properties of 
different roosts (Sedgeley & ODonnell 1999). Maternity roosts are generally occupied by groups of breeding females 
and their young pups. Bats seek to maintain higher temperatures in maternity roosts by grouping together and 
selecting the oldest, largest trees available which contain cavities with preferential thermal characteristics. This is 
because the females have higher energetic demands during pregnancy and lactation, and they need the roost to 
maintain an increased temperature through the night when they leave their pups alone to forage. Outside of the 
breeding season, long-tailed bats of both sexes generally roost solitarily in a broader range of trees and other 
structures. Solitary roosts do not require the same thermal properties as maternity roosts, and trees with appropriate 
characteristics are less limited in the landscape compared to maternity roosts. 

In the two radio-tracking studies undertaken in this locality, of the 64 roost trees located, at least 78% were in exotic 
trees (Dekrout 2009; Davidson-Watts 2018; AECOM 2019). Roosts were recorded in exotic and native trees and 
artificial bat boxes (located on pine trees), although the predominant use of exotic trees may reflect the 
preponderance of exotic trees in the modified rural and semi-urban landscape associated with the area. Only one 
native tree species (kahikatea) was confirmed as being used as a day roost site. Exotic species, such as English oak, 
willow species, eucalyptus, acacia, and pine trees were all recorded as roost sites (DWEP, 2019, Dekrout 2009). Long-
tailed bats were found roosting in a wide range of features associated with tree damage and decay, highlighting the 
importance of the feature rather than the tree species itself when considering the potential presence of bat roosts. 
Similar conclusions were found by Sedgeley and O’Donnell (2004), when investigating long-tailed bat roost site 
selection in a rural fragmented landscape South Canterbury. 

Roosts were generally within or on the edges of small forest areas or in gullies and were patchily clustered and 
distributed throughout the population’s known home range. These results were also supported by Dekrout (2009) 
who found day roosts in small forest groves within pasture and gully habitats. The studies indicate the roost trees in 
this southern Hamilton area are usually associated with patches of trees along the river or gully margins, within glades 
in a park scape or part of a stand of trees or around a home garden. There is currently no indication that isolated trees 
within open pasture (including single line shelterbelts) had been utilised as bat roost trees. 

Long-tailed bats at Hamilton appear to regularly use artificial made and installed bat roost boxes. These roost features 
were used by long-tailed bats during all survey sessions of the DWEP 2019 study, with peak numbers of 34 bats being 
present at one time in two adjacent bat boxes and confirming the use by a maternity population.  
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Figure 2 Predictive habitat model for long-tailed bats in southern Hamilton (Crewther & Parsons 2017). Red/orange 
indicates habitats of high potential while greens indicate habitats of low potential based on historical 
bat records. Distribution on known bat roosts also shown (Davidson-Watts, 2019). Yellow line shows 
Southern Links designation 
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Figure 3 Important habitat features for long-tailed bats found by radio tracking (Davidson-Watts, 2019) 
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Figure 4 Known roost sites and home range of long-tailed bat population in relation to the PSPA -2018-2019 (data 
points for map supplied by Ian Davidson-Watts). 
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Figure 5 Qualitative assessment of the value of existing natural and landscape features within the PSPA for long-tailed 
bats. 
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3 EFFECTS OF URBANISATION ON BATS 

This section provides a summary review of available literature and technical evidence on the impacts of urbanisation 
including traffic, noise, and lighting on habitat and habitat utilisation. The review draws on a combination of relevant 
international and national literature, with a focus on research conducted in Hamilton where available.  

The potential impacts on long-tailed bats and their habitats associated with development of the PSPA area include: 

▪ Loss and modification of habitat: The direct loss or degradation of foraging, commuting and roosting habitat of 
bats as urbanisation and its associated infrastructure infills the rural landscape and intrudes on vegetated riparian 
margins of the Waikato River and the Mangakotukutuku Gully. This includes removal of mature trees for roosting 
and infilling the pastureland along the edges of tree lines, which removes or degrades foraging and commuting 
habitats. Injury and death of bats has been observed in the PSPA when occupied bat roost trees have been felled 
(G. Kessels, pers. obs.); 

▪ Severance or partial severance of connectivity: This includes severance or partial severance of ecological 
connectivity through the landscape, and the potential exclusion from otherwise significant habitat types within 
their home range, by removal or cutting through shelterbelts and stands of trees currently used by bats as 
navigational ques through this landscape;  

▪ Disturbance effects: Artificial lighting and noise disturbance during the construction and operation of urban areas 
can cause avoidance, or less usage, of bat habitats within or adjacent to the PSPA. Artificial lighting also has the 
potential to alter roost emergence timing and behaviour, as well as disrupt social interactions; and 

▪ Increase in predation: The rural aeras of southern Hamilton host a multitude of introduced animals including cats, 
stoats, rats, possums and some wasp species, all of which prey on or compete with bats. A higher density of 
houses results in an increase in pets, including cats. Cats (domestic and feral) predate on bats while they are 
roosting, which are particularly vulnerable to predation whilst in their maternity roosts.  

3.1 Habitat loss and severance of connectivity  

International research suggests that urbanisation can lead to a decrease in bat activity (Jung & Threlfall 2016). Urban 
development, such as roads, housing, and other infrastructure, may thus cause a number of adverse effects on long-
tailed bat habitat, including habitat loss, habitat fragmentation, changes in microclimates, and increases in noise, and 
lighting (Smith et al. 2017). In Hamilton itself, Le Roux and Le Roux (2012) found that road and streetlight density and 
housing density (i.e., typical characteristics of urbanisation) were associated with a decline in recorded bat activity. 
Overnight traffic and road density associated with urbanisation also is likely linked to a decrease in bat activity (Borkin 
2009), with research so far suggesting a negative effect of the presence of roads on bat activity (Wildland Consultants 
2018). Roads can affect bat movements and activity patterns as a result of habitat loss, permanent lighting and noise.  

Bat movement through the landscape may be compromised by traffic, leading to injury and direct mortality by 
collisions with vehicles (Kerth and Melber, 2009). Smith et al. (2017) found bat activity on New Zealand’s highways to 
be negatively correlated with increasing night-time traffic intensity. However, they also noted that: “in general, roads 
may be more of a barrier to bats which forage close to taller vegetation, such as the short-tailed bat, than those species 
which forage in open areas such as long-tailed bats” and that “roads with low traffic density can act as positive filters 
to bat movement while high traffic roads are barriers to their movement”. Smith et al (2017), citing overseas studies, 
also suggested that there is evidence that bats may perceive vehicles as a threat and thus may exhibit predator 
avoidance behaviour in response to the presence of traffic, changing direction quickly in response to a vehicle’s 
approach. Nonetheless, urbanisation will create additional roads and streets. Where new streets and roads are in 
close proximity to high value habitats, or dissect buffer or corridor habitat for bats, utilisation of habitat by bats may 
be adversely affected, and increasing risks of traffic strike may occur.  

Urbanisation is connected to habitat loss and fragmentation. Habitat loss is a critical factor for the survival of wildlife 
(Huxel & Hastings 1999), with research indicating a great risk to species survival when less than 60% of the original 
habitat remains, and unlikely survival of species in a locality if less than 30% of habitat is preserved (Fariq 2001). In 
addition, maintaining habitat features and connectivity between them is critical to preserve usable bat habitat during 
urban development (Hale et al. 2012). The loss of connectivity and key roosting, foraging and socialising habitat areas, 
habitat fragmentation caused by increasing urbanisation can have a negative effect on bats at a landscape scale. For 
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example, the ability of juvenile long-tailed bats to disperse from maternal roost sites to preferred habitats and interact 
with the metapopulation of bats within the wider locality. 

Through the removal of trees and vegetation, replacing forest remnants, vegetation cover and open pasture areas 
with built-up environments, urbanisation contributes to the fragmentation and ‘cluttering’ of bat habitat. This can 
lead to the loss of available roost trees, loss or partial loss of connectivity between roosting and foraging areas, and 
the loss of areas used for foraging and socialising. Houses and roads replace and intersect this mosaic of tree-filled 
pastureland which is a direct loss of habitat for bats. In addition, remaining mature trees which may be used by long-
tailed bats for roosting are often removed over time because of safety concerns when near residential or transport 
infrastructure and consequently lead to their removal, reducing existing or potential roosts.  

Mature trees, within suitably dark and well-connected habitat around them, may be a limited roosting habitat 
resource within southern Hamilton (Davidson-Watts, 2019). Communal roosts have specific thermal requirements and 
are considered a limiting resource for long-tailed bat populations. Consequently, increased roost availability will have 
population level effects, but these are difficult to detect. Roosts that are occupied, known roost trees and associated 
habitats (both maternity and temporary day/night roosts) are considered to be core or key habitat, wherever situated 
within the PSPA, and removal of these occupied bat roost trees should be avoided. The removal of potential roost 
trees and associated habitat can be mitigated for, but only if it is certain the habitat does not include occupied roost 
trees, or evidence the habitat contains previously recorded roost occupancy. 

Despite this, long-tailed bats behavioural characteristics appear to exhibit some tolerance and plasticity to 
urbanisation if the right habitat features remain within and adjacent to the urban area (e.g., Dekrout et al 2014, Le 
Roux & Le Roux 2012). Long-tailed bats are edge adapted. Their wing morphology and the structure of their 
echolocation calls are adapted for foraging along edges and gaps (O'Donnell 2001).  

In Hamilton, research indicates that bats can remain in the southern, urbanised areas of the city. The topography of 
this area offers several incised gully systems (tributaries to the Waikato River) that provide micro-habitats with linear 
features and edges between open pasture and trees/shrubs. The gullies provide a buffer from urbanisation by 
providing a network of vegetated, dark corridors with internal and external edge micro-habitats, functioning as core 
habitat as well as linkages between other habitat features, such as roost trees. As an edge-adapted species, it is likely 
that long-tailed bats use open pasture spaces predominantly only for commuting (Parsons et al. 1997), while foraging 
mostly occurs in pasture adjacent to shrubland, trees and open water adjacent to linear features, edges and gaps 
(O’Donnell 2001).  

More recent studies have found low levels of bat activity in places such as Lake Rotoroa and Jubilee Park (Mueller & 
van der Zwan 2020), which suggests that bats occasionally fly across residential areas (built up environments) to access 
these locations. Bats have also found to be roosting adjacent to residential areas such as Sandford Park and Hammond 
Park (Davidson-Watts 2018), sometimes less than 25 m from residential houses. 

3.2 Disturbance effects 

3.2.1 Lighting 

Several international studies have shown that bats alter their behaviour in the presence of artificial light sources 
(Downs et al. 2003, Longcore & Rich 2004, Stone et al. 2009, Stone et al. 2015, Bat Conservation Trust 2018), which is 
summarised in Table 1. Overseas research also stresses the importance of preserving dark corridors for bats to 
minimise the effects of artificial light on bat activity (Zeale et al. 2018). Another international study suggests a buffer 
of 50 m between street lighting and bat habitat areas and the avoidance of vertical light above 0.1 lux impacting the 
habitat area in order to provide for bat species that are sensitive to light (Azam et al. 2018). Experimental studies on 
other bat species internationally suggest that an increase in ambient light may deter bats from utilising existing 
suitable habitat or discourage bats from commuting through well-lit areas. The reproductive cycles of bats are affected 
by light levels and illumination periods (Stone 2015). Artificial lighting can affect bat feeding behaviour and bats may 
be deterred from normal commuting behaviours by increased artificial light levels (Longcore and Rich 2004).  

In European guidelines for artificial lighting that minimises the effects on bats, warmer colour lighting (with a 
temperature of 2700 Kelvin (K) or less) is recommended for any areas that might be regarded as sensitive to bats 
(Voigt et al. 2018). Australian research suggests that light levels around 0.3 lux can be considered ‘dark spaces’ for 
bats, with levels of 0.29 to 0.47 lux measured in bushland used as a control site in one study (Haddock et al. 2019a). 
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Studies into the change in bat activity in the presence of different light sources have also shown that the colour or 
spectrum of light is a factor. Light in the range between 620 and 750 nm (red spectrum) appeared to have the least 
effect on bats (Haddock et al. 2019b). The type of lighting was also found important, with LED lights shown to decrease 
bat activity when replacing older mercury vapour lights in street lighting (Haddock 2018).For long-tailed bats, limited 
research is available on the effect of artificial lighting, although as long-tailed bats are similar to many of the temperate 
bats subject to lighting related studies highlighted above it is reasonable to assume potential effects could be similar. 
Bats may be sensitive to light, with some studies showing a decrease of bat activity with an increase in light (Wildland 
Consultants 2018). Crewther and Parsons (2017) modelling suggested that bat presence in Hamilton increased with 
distance from streetlights; but only up to 100 m; with the model showing a decrease of presence over 100 m from 
light sources. 

Without appropriate buffering, the increased artificial light spill from urbanisation within the PSPA will likely impact 
feeding, commuting and roosting habitat of bats in the high-value long-tailed bat commuting corridors and habitats 
adjacent to the site, including the known important roosting site at Hammond Park, Mangakotukutuku Gully and 
Sandford Park.  

 

Table 1 Range of views on key lighting matters 

Key matter Range of views Sources 

Lux levels in ‘bat habitat’ 0.1 lux 

0.3 lux 

Azam et al. 2018 (Europe) 

Haddock et al. 2019a (Australia) 

Colour temperature 2700 K 

620 – 750 nm  

Voigt et al. 2018 (Europe) 

Haddock et al. 2019b (Australia) 

Width of buffer zone from light source 50 m  Azam et al. 2018 (Europe) 

3.2.2 Noise 

No clear research is available on the potential of noise from traffic and other activities associated with urbanisation 
to disturb present long-tailed bats. While internationally there are some research findings suggesting that traffic noise 
can impede bat feeding behaviour (Siemers and Schaub 2011; Schaub et al. 2008), no clear indication has so far been 
discovered that long-tailed bats are similarly impacted by noise. Limited research into noise and long-tailed bat 
behaviour so far has not established a relationship (Wildland Consultants 2018; Le Roux and Waas 2012). Further 
research is required to investigate the potential effects related to artificial noise. 

3.3 Mammalian predators  

Populations of long-tailed bat are declining at rates of up to 9% per annum in areas with high predator numbers in 
some parts of New Zealand (Pryde et al., 2006). Ship rats, brushtail possums, cats and mustelids (such as stoats), will 
all likely predate on bats, especially while they are roosting (O’Donnell et al 2017). While cats will likely increase in 
density in an urbanised landscape as opposed to a rural landscape, research of pests in urban Hamilton suggest that 
mustelids are largely absent (Morgan et al 2008). However, the research indicates that rats are still found in gully 
habitats and would therefore likely predate on long-tailed bats in urban areas. 

3.4 Knowledge gaps on the effects of urbanisation  

Research to date gives a broad understanding of the impact of urbanisation on long-tailed bats. But there is insufficient 
evidence to be able to quantify the adverse effect of urbanisation, such as lighting, traffic, and housing density on a 
particular population of bats. While the factors that affect bats and their habitat usage are understood, and it is clear 
these factors are all interlinked, the research has not yet clearly shown indications whether one or the other is a larger 
contributing factor, or if it is a combination of these factors.  

At this stage, it is unknown whether bats use habitats within urban areas because of limited roost availability within 
their home range, or if bats are opportunistic and have adapted to finding and utilising habitats within urban areas. It 
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is also yet unknown exactly why bats are present widely throughout the gully systems and Waikato River in the south 
of the city but found to be present much less in gully systems in the northern part of the city. While these northern 
gully systems also provide complex, vegetated habitat, bat activity recorded in these areas has so far been much lower 
than in the southern parts of the city (Mueller & van der Zwan 2020).  

Food availability is potentially a critical factor that has not yet been accounted for in research of bats in urban areas.  
It is unknown whether food resources are a limiting factor to habitat utilisation by bats in urban areas, and what role 
further urbanisation might play on the extent of foraging habitat and food availability for bats. The impact of artificial 
lighting on insects may also be an important consideration.  
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4 EFFECTS MANAGEMENT STRATEGIES, MECHANISMS & ECOLOGICAL 
PERFORMANCE STANDARDS 

As a species with complex habitat requirements in space and over time, the scale and approach to assessing potential 
impacts at the plan change level requires a good understanding of the habitat resources available to long-tailed bats 
at a population level. Addressing adverse effects on bats associated with urbanisation in the PSPA will therefore 
require co-ordinated, landscape-wide management strategies, development of quantitative compliance performance 
standards, consistent approaches to baseline information gathering and ongoing monitoring methods, and consistent 
approaches to specific methods to achieve avoidance, mitigation and offsets (‘delivery strategies’). There are a 
number of strategies and measures that can be implemented before and during urbanisation to protect habitats for 
bats including: 

▪ Identification of the key bat habitats within and adjacent to the proposed urban area, and an understanding of 
how the population of bats utilises those habitats, spatially and temporally, as well the structural elements within 
the landscape which are allowing the bats to travel between the key habitats;  

▪ Adherence to best practice effects management and offsetting methodologies for evaluating, protecting and 
recreating bat habitats during the design and impact assessment stages of urban development; 

▪ Adopting cross-discipline mechanisms in urban design and construction to address direct and indirect effects on 
bat habitats; and 

▪ Mechanisms to enhance and protect the structural elements and functional attributes of existing and restored 
‘greenspace’ areas within the PSPA which have, either wholly, or partly, been identified as key bat habitats. 

4.1 Effects assessment and offsetting guidelines  

Given the high likelihood that bats are using a wide range of habitats within the PSPA, including high, moderate and 
low value habitats as shown in Figure 5 above, it is recommended that any new development within the PSPA 
undertakes an assessment of effects on long-tailed bats and their habitats in accordance with current best practice.  
Current best practice for ecological assessment in New Zealand should be undertaken in accordance with ‘The 
assessment of ecological effects used the Ecological Impact Assessment (EcIA)’ guidelines produced by the 
Environment Institute of Australia and New Zealand (EIANZ) (Roper-Lindsay et al. 2018).  

The EcIA guidelines require adherence to one of the key principles of biodiversity offsetting: the mitigation hierarchy.  
When addressing impacts on habitats of threatened fauna species, avoiding direct adverse effects on high value 
habitat is likely to be the most effective means of minimising adverse effects on the population.  

Adverse effects of development on high value habitats for long-tailed bats within the PSPA have been identified in 
section 2 above, namely the riparian margins of the Waikato River and the Mangakotukutuku Gully, as well as known 
roost sites, should be avoided. 

The ideal scenario from an ecological perspective would mean development is designed in a such way that 
incorporates buffers adjacent to these existing key habitat features for bats. The requirements of buffer design are 
discussed in section 4.2.1 below. 

Maintaining the function and the structural connection of commuting flyways, or corridors, is important for mitigation 
techniques as pasture and isolated trees that bats were using will no longer be available once the PSPA is urbanised.  

From an ecological perspective, it is import that the PSP incorporates corridors between, and maintains buffers 
adjacent to, key bat habitats given the behavioural traits of bats using mature linear vegetation in a rural landscape 
for commuting, as well as open pasture areas adjacent to key habitats for foraging and commuting (refer to section 
2.3 above).  

Strategically, bat-friendly habitat and linking corridors should be either maintained and restored, or created, to 
provide a net-increase of high-quality habitat across the PSPA. In particular, the enhancement of known bat corridors 
and linear features needs to be considered to increase their functional values for bats and to prevent barrier effects 
for bats moving within their established home ranges and to other populations within the wider landscape.  
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Known bat roosts should be retained, protected and buffers created around them. Protection will also require 
inclusion of connectivity corridors in order for these roosts to be retained as functional habitat.  

Even if key habitats of bats are protected, corridors and buffers created, and the majority of adverse effects of 
urbanisation avoided, there can be residual adverse effects which will require some form of biodiversity offset or 
compensation package additional to the avoidance, remediation and mitigation measures proposed by an applicant 
to ensure there is no net loss of bat habitats associated with development.  

There has been a trend in recent assessments of infrastructure and development impacts on long-tailed bats to offer 
pest control and installation of artificial bat roosts as a form of mitigation to address loss or disruption of habitats. 
Pest control and installation of artificial bat roosts alone will be unlikely to address all adverse effects, such as the loss 
of food producing and commuting habitat as urbanisation changes the landscape of the PSPA. Loss of foraging habitat, 
and loss invertebrates as part of that habitat loss, is unique to the modified landscape and effects of urbanisation. 
One way to address habitat loss, such as potential roost sites and food supply, is to recreate habitat as far in advance 
as possible before it is lost, as well as ensuring that space is provided adjacent to key habitats. This averted loss 
approach could be achieved through implementation of incentive strategies, such as ‘biodiversity biobanking’4 (e.g., 
New South Wales Biodiversity Banking and Offsets Scheme 2017).  

Ideally, recreation and restoration of habitat for bats should happen well in advance of urbanisation progressing into 
currently rural landscapes. If this approach is not possible, enhancement of existing habitats within the home range 
of the affected bat population will be required to address the temporal effects of subdivision, as bat habitats to replace 
those lost through urbanisation are recreated or restored.  

Creating new habitat for bats appears to be an effective solution to mitigating for loss of habitat. Evidence shows that 
bats will ‘discover’ and occupy new habitats within a rural and urban landscape as that habitat matures. 
Internationally, a multi-species study, exploring a hypothesis of a global test of the ‘urban tolerance’ for bats shows 
that insectivorous microbat species, with open and edge space foraging and trawling behaviours, as well exhibiting 
flexible roosting strategies, seem to be better able to adjust to urban landscapes than others (Jung & Threlfall, 2013).  
Long-tailed bats exhibit similar behavioural traits to some of the species studied in this research. For example, long-
tailed bats are commonly found within pine plantations throughout the upper North Island, even when the forest is 
only 15 years old (Borkin & Parsons 2009).  

The ability of long-tailed bats to utilise habitat adjacent to houses, and to adapt to changes in the urban landscape 
within several decades, is evident in recent observations of bats regularly occupying at Sandford Park. Sandford Park 
comprises parkland dominated by a mosaic of tall exotic trees (mostly pine trees), and mowed grass amenity spaces 
in urban areas next to houses. The site where the bats were observed by others (e.g., Davidson-Watts 2019) appears 
to be exposed earth in a review of a historical photo from 1979 (Figure 6 below). The movement of bats through the 
Mangakotukutuku Gully demonstrates that long-tailed bats appear to be able to commute through urbanised areas 
to access core areas if there are relatively dark vegetated dispersal routes that buffer the bats from adjacent 
residential development while also providing navigation cues.  

Long-tailed bats are long-lived (>20 years) and are slow to reproduce, with only one pup a year. As bats tend to roost 
in mature trees and use mature trees for commuting cues, effects of loss of habitat can take a long time to become 
apparent and bats will take a long time to recover from adverse effects. Rapid change in the home range of a bat 
population could mean individuals may not have sufficient time to adapt to those changes. Therefore, there is a 
temporal aspect in addition to spatial requirements with regards to addressing the loss of habitat for bats in the PSPA 
as urbanisation becomes the predominant land use. Moreover, there will be a time lag effect where the full 
effectiveness of offset mitigation will take a number of years to provide the structural features required for bats 
functional behavioural requirements. This will be around 15 years for foraging and feeding habitats and likely over 25 
years for roosting trees to become functional, although artificial roost boxes or created roosts within existing or 
transplanted trees could speed up this habitat creation. Anticipating this temporal aspect is important to ensure bats 
have sufficient foraging and roosting resources throughout phases of development and landscape change. 

 

4 Biodiversity Biobanking establishes an ‘improve or maintain’ test for biodiversity values. Improving or maintaining biodiversity values means 
avoiding important areas for conservation of biodiversity values, and offsetting impacts on other areas. 
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Figure 6 Location of Stanford Park long-tailed bat habitat – Top: historic aerial imagery 1979 (source: Retro Lens); 
Bottom Google Earth Image 2020 

There are best practice approaches to addressing residual adverse effects to creating additional habitats or improving 
existing habitat quality. This can be achieved by negotiation, applying multipliers, or applying Biodiversity Offset 
Accounting Models (BOAMs) and Qualitative Biodiversity Models (QBMs) to determine the quantum of offset 
required. A PSPA wide effects management methodology approach for assessing and addressing effects on habitat of 
long-tailed bats is detailed by Baber & Kessels (2021). The PSPA effects management technical report outlines a 
framework HCC could adopt for addressing effects management on long-tailed bats in the PSPA. Applying a 
scientifically based approach to compensate for residual impacts, such as the primary principles of biodiversity 
offsetting and QBMs, where a biologically based ‘currency’ for estimating sufficiency of the compensation is calculated 
and/or based on expert opinion, using a transparent, accepted methodology, is required (Baber et al 2021). Over time, 
as further research and monitoring increase our knowledge of bats habitat use and the effects of urbanisation on bats, 
these models can be refined to become BOAMs, which will increase the certainty around the specific measures 
required to address these residual adverse effects.  
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The timing of the establishment of mitigation bat habitat will be essential to minimise the temporary loss of available 
bat foraging habitat. Ideally the creation of such habitats should commence 15 years prior to the removal of key 
habitats to allows replanted areas to develop into bat foraging areas. Given that bats currently utilise foraging habitats 
dominated by faster growing exotic tree species, the use of exotic tree species as a first tranche should be considered 
with native plants following on. Pest and predator control will be required to ensure any displaced predators will not 
increase predation impacts on areas retained and managed for bats. 

In addition to protecting, restoring and recreating bat habitat, ongoing operational management of development will 
be required including artificial lighting controls, vegetation management and predator control. 

4.2 Specific design and ecological performance standards  

Table 2 outlines the potential adverse effects on habitat of long-tailed bats and summarises the mitigation and 
offset/compensation strategies and mechanisms which may be considered in the context of future urbanisation of the 
PSPA. Table 2 also summarises the key mechanisms which could be adopted for addressing these effects on long-
tailed bats within the PSPA, acknowledging that the development of plan provisions/performance standards is a 
matter for planners. The following sections discuss and present specific delivery mechanisms, design measures and 
performance standards to consider in the urban design of the PSPA as it relates to the protection of long-tailed bat 
habitats. 

Table 2 Summary of adverse effects of urbanisation within the PSPA and measures to address each effect 

Effect  Avoidance measures Remediation/ 
mitigation 
measures 

 Resilience measures Performance standards, 
delivery mechanisms, 
operational requirements 
and monitoring  

Loss or modification 
of high value bat 
habitat – includes 
communal roosting 
habitat, the Waikato 
River and its riparian 
margins, and the 
Mangakotukutuku 
Stream gully.  

Protect all high value 
bat habitats. 

Avoid any significant 
adverse effects of 
urbanisation on high 
value habitats. 

Create buffer 
habitats along the 
margins of high 
value habitat. 

Increase the 
functional value of 
bat habitat over time 
by weed control, infill 
planting of cavity 
bearing trees and 
creation of micro-
habitats which 
encourage 
commuting and 
foraging as well as 
production of winged 
insects. 

Install and create 
artificial bat roosts. 
Undertake targeted 
animal pest control 
within and adjacent 
to high value habitat.  

Identify and protect specific 
high value habitats for bats in 
the PSPA.  

Specify restoration criteria in 
terms of weed control, plant 
species selection, animal pest 
control and ongoing 
maintenance. 

Undertake monitoring of high 
value bat habitats in the PSPA 
in accordance with best 
practice, in a co-ordinated 
manner with other wider bat 
research studies. 

 

Loss or fragmentation 
of moderate and low 
value habitat – 
includes shelterbelts, 
stands of trees or 
day/night roosts. 

Monitor moderate 
and low value bat 
habitats to determine 
use of specific use of 
these habitats by 
bats.  

Protect existing 
mature shelterbelts 
and stands of trees 
wherever possible. 

Create bat corridors 
through the PSPA to 
maintain 
connectivity and 
replace lost 
foraging habitat. 

 

Enhancement of 
existing wetlands or 
creation of new 
wetlands within the 
PSPA to increase 
winged invertebrate 
food resources for 
bats. 

Install and create 
artificial bats roosts.  

Identify specific areas for 
corridors and buffers in the 
PSPA.  

Specify restoration criteria 
and performance standards 
to be achieved in corridor 
and buffer design in terms of 
vegetation width, height, 
spatial location, density, 
species selection and ongoing 
maintenance. 
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Minimise clearance or 
partial clearance of 
existing habitats, such 
as shelterbelts and 
clusters of trees 
known to be used by 
bats. 

Undertake targeted 
animal pest control. 

 

Set design standards to 
maximise bat ‘hop over’ 
habitats for any streets 
intruding or intersecting with 
bat buffer or corridor 
habitats. 

Require bat assessments for 
significant land use change 
applications in the PSPA. 

Apply best practice 
biodiversity 
offset/compensation 
approaches to address 
residual adverse effects on 
bat habitats. 

Undertake monitoring of bat 
habitats throughout the PSPA 
in accordance with best 
practice, and which is applied 
across the PSPA in a co-
ordinated manner. 

Effects of lighting of 
urbanisation – within 
or adjacent to the 
PSPA  

Protect high value 
and retained/created 
bat habitats from 
artificial light 
intrusion to avoid any 
significant adverse 
effects from lighting 
on bat utilisation. 

Minimise artificial 
light intrusion in 
buffer and corridors 
being retained or 
created as bat 
habitat. 

 Set performance standards 
for lux and light 
warmth/glare. 

Apply set back distances for 
buildings from buffers and 
corridors.  

Set lighting standards where, 
property, amenity or street 
lighting is within or adjacent 
to retained bat habitats.  

Set standards for vegetation 
design and maintenance 
where it is required to 
attenuate light intrusion into 
bat habitat.  

Effects of increased 
presence of animal 
pests (domestic and 
feral) on bats and 
their habitats 

Instigate domestic cat 
bans or controls 
throughout the PSPA. 

Undertake targeted 
animal pest control 
with the PSPA in 
and adjacent to 
high value bat 
habitats, especially 
roost habitat. 

  Enact suitable rules to restrict 
cat ownership.  

Use nationally accepted best 
practice performance 
standards to ensure pest 
control is effective in 
reducing target animal pests. 

Undertake population wide 
monitoring of bats to 
understand population 
trajectory pre- and post-
animal pest control along 
with general monitoring. 
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4.2.1 Corridor and buffer design and operational maintenance requirements 

Internationally, several guidelines have been developed to assist in creating habitat for bats in urban areas. In the 
absence of specific research to guide protection and enhancement of habitat of long-tailed bats in urban areas, these 
have been drawn upon to provide recommendations to assess and management bat habits within the PSPA. Figures 
7 & 8 below provides a schematic cross section of: 

▪ how buffering of High value habitat features (such as the Waikato River and Mangakotukutuku Gully) can be 
designed to protect these key habitats as well as create foraging and commuting habitats (top diagram); and 

▪ the design of a corridor to link key bat habitats through urban areas, as well as create additional habitat (lower 
diagram). 

It is recommended that High value bat habitat will be retained and enhanced as dark zones to retain connectivity and 

core habitat for bats in the PSPA.  In terms of buffer and corridor habitat, for both enhancement of existing or 

recreation of new habitat areas, the most important general principle is that wide swathes of land are required to be 

set aside as bat habitat in order to retain a permeable and functioning landscape for long-tailed bats. Dark buffer 

zones may be used for hard and soft amenity landscaping, provided that this use does not compromise the functioning 

and maintenance of the High value bat habitat it protects.  

Public use of buffer or corridor bat habitats need not be restricted as long as the structural and functional elements 

of these areas for bats are maintained, and could include amenity, community and green infrastructure activities, or 

constructed stormwater treatment wetlands. Larger private sections could also make up part of the buffer zones and 

corridors, provided the buffer principles can be achieved and long-term protection and maintenance of the bat habitat 

assured. Public uses within High value bat habitats may require further restrictions than for buffer zones and corridors 

to ensure functional habitat is protected, but could also include low-impact, unlit footpaths and cycle ways, which 

avoid any vegetation clearance that is important for bat habitat.  

There is no research showing what the optimum width for these buffer and corridor areas should be. However, Le 
Roux and Le Roux (2012) show that without any bespoke design measures a minimum width of 100 m is likely to be 
optimum to retain use of gully systems in Hamilton by long-tailed bats. Nonetheless, in Hamilton, such as Sandford 
Park and Hammond Park, bats continue to use the vegetation in these areas for roosting and foraging, even when only 
20-50 m from the nearest houses.  

The structural characteristics of these areas are important for the bat’s ability to use them. Ideally, the vegetation  
within these areas is mature and dense, and there is an inter-laced network of mature corridors of trees, with open 
grass parkland, wetlands or low shrubland ‘glades’ interspersed between. With bespoke planting design and artificial 
lighting control measures (as discussed in section 4.2.2 below), corridor width could be reduced from 100 m (shown 
to be 50 m with 5 m building setback on either side, in Figures 7 and 8  below). Meeting lighting standards is the 
primary purpose of the proposed 5m setback recommendations from buildings. For roads, the setback to achieve the 
0.3 lux and the buffer or corridor edge may have to be wider than 5m to achieve the 0.3 lux boundary performance 
standard (refer to section 4.2.4 below). As well as planting design, topography and adjacent land use are critical factors 
to consider when determining a suitable corridor width.  

Buffer widths are also difficult to quantify and are dependent on the adjacent land use, including lighting controls and 
topography. A minimum width of 20 m from the edge of high value habitats, including buffer planting devoid of large 
infrastructure, such as buildings and roads would be likely be effective at maturity. A further set back of 5 m from the 
edge of this buffer to buildings is also recommended, giving a total effective buffer width of 25 m. For communal bat 
roosts a minimum buffer of 50 m is appropriate and reflects the current situation at Sandford Park. A buffer of 25 m 
is likely to be appropriate for non-communal bat roosts. 

Existing bat habitat could be enhanced by increasing the density and diversity of invertebrate attracting native plant 
species and filling in gaps in the vegetation (taking care not to plant out flyways and established vegetation edges – 
consider using a mixture of low stature and tall stature plants to maintain or create vertical variation). Buffer planting 
added between potential sources of disturbance (lighting, and roads) and existing habitat to reduce existing 
disturbance impacts on known habitats. 
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If roads, footpaths and other infrastructure are to intersect corridors, measures will be required to minimise the 
habitat severance and associated ongoing effects, such as street lighting and traffic lights. Additionally, currently used 
corridors that have potential barriers such as roads, could be improved in similar ways.  

The improvement or creation of corridors should include addition of carefully designed and maintained swaths of 
vegetation  too ensure establishment of a dark corridor for commuting and additional habitat for foraging. As bats will 
fly over open ground and artificial structures when lighting is low and structural elements are in place,  establishing 
dark areas for crossing roads or modifying public space lighting nearby to prevent flooding of light into potential bat 
commuting paths by careful tree planting is recommended. This should result in bats either beginning to use the 
created, or improved potential commuting corridors, or increase their use of them. Ultimately the effect should be 
bats expending less energy commuting or dispersing between roosting and foraging habitat patches when compared 
to previously used, less direct, commuting corridors, and in turn increasing overall population survival and fecundity. 

 

 

 

Figure 7 Examples of corridor bat habitat landscape features in urban development areas 
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Figure 8 Examples of buffer bat habitat landscape features in urban development areas 

 

The creation of habitat with connectivity to existing bat habitats could increase foraging, commuting, and, in the long-
term, roosting habitats available to the southern Hamilton bat population. This could include planting of farmland 
with insect-attracting native plant species and the establishment of vertically varied vegetation communities to create 
flyways to provide increased foraging and commuting opportunities. Areas that would provide best benefit for 
planting would be those that have natural edges such as ponds, wetlands, gullies, and riparian areas. A component of 
the plantings should include native and/or non-native tree species that are known to provide roosting features such 
as cavities when older (and preferably known to provide these features at a relatively young age). Success for these 
areas of created habitat would be that bats either start using these new areas for commuting and/or foraging or (if 
already using the area) increase their usage of these areas overtime. 

In developing buffer and corridor design, the following key factors also require consideration: 
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▪ Fast growing, densely foliated vegetation planted in front of retained habitat to reduce light from the adjacent 
development; 

▪ Bat sensitive lighting installed along roads and on the outside of dwellings adjacent to retained and enhanced 
habitat; 

▪ Measures during the construction phase of urban development measures, such as lot deferrals, to ensure artificial 
light is not introduced adjacent to retained or re-created bat habitat until the vegetative buffers have grown 
sufficiently to meet the specified performance criteria; and 

▪ Measures to maintain and replace the vegetated habitat features over time (effectively in perpetuity) in order to 
retain the structural features of the bat corridor and buffers. 

4.2.2 Lighting standards and design  

Based on the discussion of lighting effects discussed in section 3.2.1 above, if lighting at the property boundaries and 
road edges is kept below 0.3 lux (at any height), effects of artificial light spill on bat habitat will likely be minimal. Best 
international practice in terms of lighting controls is best summarised by the UK guidelines (Bat Conservation Trust 
and Institution of Lighting Professionals 2018), and is a useful benchmark for consideration when applying lighting 
standards for long-tailed bats in the PSPA.  The 0.3 lux limit, at any height, at the development or road boundary with 
buffer or corridor bat habitat will in effect mean that no measurable artificial light will be observed within the  existing 
core bat habitats or re-created bat habitats. In addition, the ‘warmth’ of emitted light is also an important factor to 
consider when considering artificial light next to bat habitats. In this regard, a temperature of 2700 K or less is 
considered optimal, although security or road lighting with timers set to short durations (no greater than a few 
minutes at a time), and with a temperature no greater than 3000 K may be acceptable in some situations. Architectural 
design should be considered for built structures adjacent to bat buffers.  to avoid lighting impacts. 

4.2.3 Vegetation removal protocols  

Vegetation removal protocols are designed to avoid any direct harm (injury or mortality) to bats during clearance of 
vegetation. They are therefore a final backstop to avoid these direct impacts if vegetation (and therefore habitat) 
removal could not be avoided. 

Best practice guidelines for the monitoring and removal of any potential or occupied bat roosts in the PSPA is an 
important method to identify and protect existing roosts and provide a benchmark for the quantum required to 
replace lost habitat containing potential roost trees.  

Vegetation removal protocols were first designed and implemented in New Zealand in 2009 for a sand quarry consent 
application at Tamahere (G. Kessels, pers. comm.). The protocols were designed to minimise the risk of injury or 
mortality of long-tailed bats associated with the removal of potential bat roost trees. The loss of that habitat was 
mitigated by replanting cavity bearing trees and installing artificial bat roosts along the stream adjacent to the site. 

The protocols have now been widely adopted throughout New Zealand and refined as the science and knowledge on 
the efficacy of the protocols has improved. It is understood that DOC is conducting a review of vegetation removal 
protocols and will provide guidelines on best practice. Adaptation of best practice guidelines for the felling of any 
potential bat roost trees in all of the PSPA is recommended as a precautionary measure. Should the tree be occupied, 
felling of the roost should be avoided. If the tree is not occupied, it can be felled, but suitable replacement roosting 
habitat should be provided as mitigation of the loss of that future habitat opportunity and as a precautionary measure 
because roost use and occupancy within and adjacent to the PSPA is not well understood.  

There has been a tendency for ecological effects assessment reports on the effects of development on bats to term 
the vegetation removal protocols as a form of ‘mitigation’ for removal of known or potential bat roost trees. The 
implementation of vegetation removal protocols is an appropriate mechanism to reduce the risk of injuring or killing 
bats when felling potential bat roost trees. However, it is not mitigation for the loss of potential or actual roosting 
habitat. Moreover, it is important to differentiate between potential and occupied roost trees and habitat within the 
PSPA. 
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4.2.4 Artificial bat roosts and roost tree enhancement 

The addition of artificial bat roosts in known bat habitat areas could be used to supplement available roost trees and 
recreate roosting habitat with buffer and corridors, as well as within high value and recreated habitats. The current 
artificial bat roost boxes used in Hamilton are based on overseas roost design that are used by more opportunistic 
bats which regularly roost in artificial structures such as dwellings and bridges. Nonetheless, recently detected use of 
artificial bat roosts in the area means this approach deserves some additional effort, such as researching the efficacy 
of the various artificial roost designs and placement of roosts.  

The bat roosts currently utilised are those which have banding above and below which exclude mammalian predators. 
Increased roost availability will have benefits at a population level, but the benefits will be difficult to detect, as there 
may be a significant lag time between roost installation and bats using them. The thermal quality of artificial roosts 
may not be as good as that presented by a natural roost tree. However, the ability to create pest proof roosts by 
banding above and below the roost boxes, and the relative ease of monitoring the occupancy of artificial roosts, means 
that artificial roosts are considered to form an important means towards enhancing habitats for long-tailed bats in the 
PSPA, but only if installed in protected bat habitats, either existing or re-created, and only if maintained over time. 

In addition to installation of bat roosts, planting trees which, over time, will present cavity bearing properties suitable 
for roosting habitat, is considered an effective form of mitigation for loss of potential roost trees. There are a number 
of native and exotic species which are suitable. Exotic trees are commonly used as roosts by bats, but their thermal 
qualities and roost utilisation is not known. Native trees may provide better thermal qualities as bat roosts, but they 
can take a longer time to grow and to present cavities suitable for roosting than exotic trees.  

A possibly effective and relatively instantaneous strategy for mitigation of the loss potential bat roost trees, which has 
not been trialled in New Zealand as yet, is the modification or transplanting of existing mature trees (alive or dead), 
to create suitable cavities and crevices for bats to roost in. This is a possible alternative method for creating additional 
roosting habitat which warrants further investigation. 

4.2.5 Controlling domestic and feral animal pests 

As Morgan et al (2009) have shown, key potential introduced predator guilds are likely absent (mustelids) or 
comparatively rare (rats) in urban Hamilton and largely confined to gully habitats. In contrast, free-ranging cats (both 
domestic and feral), are widespread and likely to be a significant threat to bats, especially when they are roosting in 
trees within and adjacent to the PSPA.  

Therefore, priority should be given to protecting known and potential roost trees and artificial roosts from access by 
predators, especially from cats and rats. This can be done by placing metal bands around the trunks of trees (above 
and below the roosts), and by ensuring that neighbours trees are also suitable pruned or banded to prevent animals 
jumping across the canopy. This treatment could also be applied to potential roost cavities (but not confirmed to be 
utilised) in habitats connected to known bat habitats as predator pressure may influence roost site selection and 
utilisation. Traps set in high densities in proximity to the roosts, creating a ‘ring of steel’ around roosts is also effective, 
but only if undertaken, maintained and monitoring regularly through the year.  

Gullies and corridors are likely to become conduits for pests entering the PSPA from the surrounding landscape. 
Regular control of animal pest in the gullies will reduce pest numbers entering the PSPA and hence pressure on bat 
roost habitats from predation. Any widespread introduced animal pest control within the PSPA should therefore focus 
on gullies, by using best practice mechanisms, such as trapping, poisons in bait stations, or a combination of methods. 
Self-setting trap technology is quickly improving, and may, over time, be the safest, effective and most cost-effective 
option for pest control in urban areas.  

Given the longevity of bats, pest control is likely to be most effective if undertaken for many decades and ideally in 
perpetuity.  

As discussed in section 3.3, cats are known predators of native wildlife in New Zealand including bats. Trapping of feral 
cats is possible but differentiating between domestic and feral cats is problematic while there is no Hamilton City, yet 
alone New Zealand, statutes requiring cat owners to keep their cats on their property, or to licence or microchip their 
cats, as is required for dog owners. However, an increase of free-ranging domestic cats within the PSPA will very likely 
occur without controls, and in turn lead to an increase in predation of bats in un-protected roosts. Currently, there is 
one  known maternity roost within the Mangakotukutuku Gully in the PSPA (Figure 2 - Roost 8) and other maternity 
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roosts in this area are likely. This is wherebats are most vulnerable to predation. Further studies could detect 
additional maternity roosts. In addition, potential roost trees in the PSPA could eventually become occupied bat roost 
over time, either temporary day/night roosts (which do currently exist in the PSPA), or maternity roosts. Given that 
cats are likely to be a significant, if not the most significant, predators of bats, unless every roost is protected by 
banding or targeted cat trapping, bats roosting in these habitats will be vulnerable to cat predation. It may be 
impractical to sustain long-term targeted cat control of every known or potential roost tree in the PSPA. Therefore, 
some form of control over domestic cats within the PSPA is considered to be the most effective method to protect 
these habitats.  

In terms of measuring success of pest control, it is expected to result in increased utilisation of protected roosts, 
greater survival of roosting bats, and in the circumstance of maternity roosts, an increase of fecundity and survival of 
juveniles to adulthood. 

4.3 Monitoring 

Monitoring of bat populations will be critical to determine any chances in habitat use and bat behaviour as residential 
development and mitigation measures interact with bats present in the area. 

In Hamilton and surrounding landscapes, roosting habitat is likely to be a limiting resource for long-tailed bats. 
Consequently, identifying and protecting existing bat roosts is key to the continued survival of the Hamilton bat 
population particularly considering the proposed development across large areas of southern Hamilton. The most 
effective technique of identifying long-tailed bat roosts is radio telemetry. Such studies have been undertaken in 
Hamilton. Collaborating and extending these studies with other organisations would be highly beneficial, particularly 
if identified roosting areas can be enhanced and protected from future development. This activity alone would not 
immediately enhance the bat population, but instead aims to halt future impacts on bat habitat by finding further 
roost areas for protection measures as well as understand how roosting behaviour responds to development related 
activities. 

Long-term population studies (mark and recapture) are the most recognised method of measuring population increase 
or decrease overtime. It is hypothesised that the long-tailed bats in Hamilton are part of a single population and 
therefore undertaking a long-term mark recapture study to detect trends in the population would provide information 
on the general efficacy of all of the management options discussed above.  

Any monitoring conducted should be standardised across survey efforts and repeatable. A best-practice monitoring 
framework should be developed that can be adopted for the wider Hamilton area. Pre-development surveys should 
cover aspects such as light levels, habitat availability, bat activity levels, habitat use and behaviour, and occupied and 
potential roost identification, using methods that can be replicated in future years. Post-development monitoring 
should focus on studying the effectiveness of habitat enhancement measures, and include monitoring of light levels, 
available and newly created habitat, habitat usage, bat activity levels, and roost occupancy. 

The following measures should be included in the monitoring framework, as a minimum: 

▪ Habitat (amount), including areas lost versus areas created; 

▪ Artificial light sources and levels (pre- and post-development); 

▪ Roost sites, including potential and occupied roost sites; 

▪ Bat activity levels; 

▪ Habitat use and behaviour, including usage of landscape features and foraging activity; 

▪ Monitoring of mitigation including created habitat and use of artificial roost boxes; 

▪ Noise levels (pre- and post-development); and 

▪ Efficiency of pest control measures. 

Guidelines for pre-development bat monitoring were developed by Hamilton City Council in 2020 and are attached in 
Appendix A. These guidelines were designed to standardise monitoring prior to residential development in the PSPA. 
These can form a starting point for a wider monitoring framework; however, monitoring for the area should also 
involve baseline studies at a landscape scale, and more detailed monitoring such as radio telemetry to ensure bat 
habitat enhancement and mitigation measures are effective in the long-term, and at a wider landscape scale. 
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Monitoring should also be coordinated with ongoing existing infrastructure projects, such as monitoring for Southern 
Links, subdivisions such as Amberfield, and the Hamilton city-wide annual monitoring programme.  

4.3.1 Future research 

Research, collaboration and sharing of knowledge is a critical part of finding and implementing strategies that can 
protect bats and their habitat in this area. All research into bats in the PSPA as well as the wider Hamilton and Waikato 
areas should link within the Regional Bat Strategy (currently being developed). Research programmes currently 
underway through the University of Waikato and DOC should be closely linked to any future research conducted in 
the PSPA. A key aim for this will be to ensure that the effectiveness of mitigation measures can be better understood, 
adapted where necessary, and implemented in other areas where effective.  

Some examples of research topics based on above activities include: 

▪ Will bats use and forage in newly created habitats and how long between planting and bats starting to use the 
area? 

▪ Will bats use newly established vegetated corridors between current habitats? 

▪ What effect does reducing lighting and noise effects on an existing roost site have? 

▪ Will bats utilising commuting corridors more if they are improved through lighting modification and/or plantings? 

▪ What environmental or roost design factors can explain the utilisation of artificial bat roosts in Hamilton South? 

▪ What effect does wasp control have on bat populations? 

▪ What invertebrates are available (including seasonal changes) and what species are bats foraging? 

Future research needs to be aimed at better understanding habitat use, size and characteristics of the Hamilton bat 
population(s), with the aim to improve the ability to preserve the population and their habitat requirements. Many of 
the habitat enhancement and mitigation activities prosed for bats in urban New Zealand contain unknowns on their 
efficacy and how best to go about implementing them. More focussed research could be undertaken to measure the 
response of the Hamilton bat population to various management techniques. This will allow for an accurate 
assessment of their relative efficacy and enable adaptation to techniques overtime to better the outcome for bats. 

An important factor requiring further investigation is the role of invertebrates as a food source for bats. Studies on 
the nightly activity of long-tailed bats have indicated that insect activity, rather than habitat, could be a predictor of 
bat activity (O’Donnell 2000). In the Hamilton context, one research imperative is to establish what role the availability 
of food (invertebrates) has on bat populations. This includes aspects such as: 

▪ What species are they eating? 

▪ What invertebrate species are present or available, and could this be a limiting factor or threat to bats across the 
landscape?  

▪ Where are they foraging, and does this change throughout the seasons?  

These questions could be addressed through studies such as eDNA analysis of bat droppings from captured bats.  
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5 CONCLUSION AND RECOMMENDATIONS  

Long-tailed bats are afforded the highest threat status by DOC of Threatened – Nationally Critical. Species that are 
threatened with extinction are relevant to determining significant biodiversity habitat in the Waikato region. In this 
case, vegetation or features (exotic as well as indigenous) that provide habitat for long-tailed bats will trigger criterion 
3 of table 11-1 of the Waikato Regional Policy Statement (2018) and hence requires HCC to recognise and provide for 
the protection of these habitats as a matter of national importance (section 6(c), Resource Management Act 1991). 

A population of long-tailed bats are regularly using parts of the PSPA for foraging, commuting and roosting habitat. 
This population is also using the wider landscape outside of the PSPA as part of its home range. They utilise a wide 
range of habitats in this mostly rural landscape, comprising of both exotic and indigenous vegetation, with use varying 
on a seasonal basis. Habitats used includes treeland, shelterbelts, vegetated riparian margins, well-vegetated gully 
systems wetlands, open water, such as the Waikato River, pasture areas and mature trees, for roosting and foraging, 
as well as visual cues in the landscape for commuting pathways. In the case of the PSPA, the riparian margins of the 
Waikato River, the Mangakotukutuku Gully and treeland areas containing known roosts trees for bats, and are 
considered to be high value habitats for bats.  

This key habitat usage is consolidated by a network of exotic and indigenous stands of trees and mature shelterbelts 
scattered through this largely pastoral environment. These lines of shelterbelts and patchily distributed stands of 
mature trees, all appear to be important in ensuring that bats can move around this landscape, as they use these 
features as navigational ques to guide them on their nightly travels to and from the key habitats.  

Bats are utilising relatively recently planted parkland as foraging, commuting and roosting habitat within urban areas 
of Hamilton, such as Sandford Park and Hammond Park. Evidence shows that long-tailed bats are able to discover and 
utilise these habitats within existing urban and peri-urban environments. 

The potential impacts on long-tailed bats and their habitats associated with urbanisation of the PSPA area include: 

▪ Loss and modification of habitat; 

▪ Severance or partial severance of connectivity;  

▪ Disturbance effects such as an increase in artificial lighting; and   

▪ Increases in predation by introduced mammalian animals.  

Recommendations for protecting bat populations and enhancing their habitats as the PSPA becomes urbanised as 
discussed in this report. Avoidance and protection measures include: 

▪ Identification of the key bat habitats within and adjacent to the proposed urban areas, and an understanding of 
how the bats utilise those habitats;  

▪ Adopting cross-discipline mechanisms and performance standards in urban design and construction to address 
direct and indirect effects on bat habitats; and 

▪ Implementation of vegetation removal protocols across the entire PSPA applied to identified potential roost trees, 
and strategies to avoid or mitigate adverse effects of the loss of these trees for bats, including installation of 
artificial roost boxes or cavity bearing trees, which are protected and maintained as such. 

 

Mitigation measures and measures relating to offsetting and compensation opportunities recommended include: 

▪ Mechanisms to protect and enhance the structural and functional attributes of existing, restored and re-created 
‘greenspace’ areas within the PSPA which have, either wholly, or partly, been identified as bat habitats; 

▪ Protection and enhancement measures for areas identified as ‘key bat habitats’ in this report; 

▪ Creation of ‘bat buffer zones’ adjacent to key bat habitats, at least 20 m in width, with a 5 m setback to buildings, 
to provide foraging and commuting habitats; 

▪ Creation of linking ‘bat corridors’, at least 50 m wide (with a 5 m setback on each side) to create connections to 
high value habitats within and adjacent to the PSPA, wherever possible following existing tree lines and/or gullies; 

▪ Buffering from new development of communal roosts by at least 50 m and of non-communal roosts by 25 m; 

▪ Early planting of new bat foraging and commuting vegetation, well ahead of development phases affecting bat 
habitat; 
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▪ Ecological performance standards relating to artificial lighting and the design, composition, density and height of 
vegetation needed to create bat habitats, buffers and corridors, including a multi-disciplinary review of current 
infrastructure design and lighting standards adjacent or dissecting these key habitats; and 

▪ Adherence to best practice effects management and offsetting methodologies for evaluating, protecting and 
recreating bat habitats during the design and impact assessment stages of urban development; 

 

Measures allowing for adaptive management, including monitoring, include: 

▪ Developing guidelines to assist in the assessment and quantification of moderate and low value bat habitats 
within the PSPA, in order to allow for consistent approaches to determining ecological values and offset mitigation 
associated with loss, modification or fragmentation of those habitats associated with urbanisation;  

▪ Investigation of a PSPA wide animal pest control programme, in collaboration with other key stakeholders, 
particularly those with statutory obligations to protect bats, such as the Department of Conservation and Waikato 
Regional Council, targeting the key animal pests of long-tailed bats in urban areas, and including measures to 
control the widespread introduction of domestic cats as urbanisation occurs; and 

▪ Fostering and contributing towards further research on the effects of urbanisation on long-bat populations and 
their habitats, including monitoring the effectiveness of avoidance and mitigation measures. 
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