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1. INTRODUCTION 
 

The upper Clutha basin has strong natural, social and cultural attributes that attract 

increasing numbers of people to live and visit.  Ecosystem stress from rapid urban 

development in recent years has resulted in water quality degradation as indicated by 

increased sediment loads in urban runoff, elevated levels of Escherichia coli (E. coli) 

in waterways, and the proliferation of lake snow (Lindavia intermedia). The upper 

Clutha basin has been identified by the Ministry for the Environment as a vulnerable 

catchment that has not yet reached tipping point.    

 

Increasing urban development in the upper Clutha has put pressure on urban streams.  

Stormwater contaminants in urban catchments are derived from a number of sources, 

including impervious surfaces (roads, pavements, parking areas), building materials, 

industrial sites, subdivision development sites, residential lawns/gardens, Wanaka golf 

course, public reserves and atmospheric deposition. Contaminant loads can vary 

depending upon land use e.g. roads carrying higher numbers of vehicles. Contaminants 

in stormwater can adsorb to fine sediment in suspension which is then deposited onto 

the stream bed in slow-flowing reaches. As heavy metals do not degrade and persistent 

organic contaminants degrade very slowly, sediment quality reflects the effects of 

stormwater over time. Benthic sediments provide habitat for stream biota, thus if 

contaminants in sediments accumulate to toxic levels this can affect the biotic 

community.  

 

Urban streams are often observed as having degraded physical chemical and biological 

conditions, colloquially known as óurban stream syndromeô. Symptoms include 

elevated concentrations of nutrients and contaminants, altered channel morphology, a 

flashier hydrograph and an increased dominance of pollution-tolerant species. Research 

has shown that the principal mechanisms driving the syndrome are urban stormwater 

runoff delivered to streams by hydraulically efficient drainage systems, sewer 

overflows, wastewater treatment plant effluents and legacy pollutants. In order to 

restore local urban streams, primary mechanisms of degradation and the best 

management actions to reverse such mechanisms need to be identified (Walsh et al. 

2005). 

 

The Upper Clutha Lakes Trust (UCLT) and Otago Fish and Game Council 

commissioned Wildland Consultants to assess the effects of stormwater runoff from 

urban development on sediment quantity, sediment quality, and their effects on in-

stream biota of three urban Wanaka waterways: Stoney Creek, the Water Race Drain, 

and Bullock Creek.  This report describes the results of an investigation of the sediment, 

habitats, and biota in the three streams and identifies mechanisms of degradation.  

Results from this investigation may be used as part of a community-led water 

management plan that will establish priorities for action and provide measures to be 

implemented by Queenstown Lakes District Council (QLDC) and Otago Regional 

Council (ORC) for management of the catchment.   
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2. METHODS 
 

2.1 Overall investigation design 
 
The objective of the investigation was to identify specific environmental stressors or 

ópredictorô variables that influence macroinvertebrate community composition (the 

óresponse variableô) in the urban streams of Wanaka.  Land use, deposited sediment 

quantity and quality, and habitat quality were chosen due to the effects that these 

variables have been found to have on stream macroinvertebrates (Guy 1997; Grumiaux 

et al. 1998; Heatherly et al. 2007; Sharley et al. 2008; Wagenhoff et al. 2012). Physico-

chemical water quality parameters were also assessed, to enable comparisons with 

guideline values, and a fish survey was undertaken, to assess habitat use.   

 

2.2 Initial assessment 
 
2.2.1 New Zealand Freshwater Fish Database 
 
Fish records for Stoney Creek, Water Race Drain, Bullock Creek, and Lake Wanaka 

were searched for and downloaded from the New Zealand Freshwater Fish Database 

(NZFFD) (NIWA 2019a) on 1 April 2019.   

 

2.2.2 Stormwater catchment mapping 
 

Stormwater catchment boundaries for each stream were mapped manually in ArcGIS 

based on drainage and topography using LiDAR data (obtained from QLDC, with a 

vertical accuracy of +/-0.25 metres for most of the urban areas in the District). Sub-

catchments were then mapped in relation to drainage into sample sites to inform what 

stormwater inputs that sample site received.  

 

2.2.3 Selection of sample sites 
  

The online QLDC GIS Services layer (qldc.maps.arcgis.com) was used to identify the 

location of stormwater drainage outlets into the project streams. There are 23 

stormwater drainage outlets connected by drainage pipes (concrete or PVC - polyvinyl 

chloride) that drain into Bullock Creek, seven that drain into the Water Race Drain, and 

four that drain into Stoney Creek.  

 

An initial site visit was undertaken on 6 March 2019 and the three streams were 

traversed, from each lake outlet to the headwaters or above the urban boundary.  Other 

drainage structures (e.g. mud tanks) were noted and potentially-suitable sampling sites 

were assessed.  This information ï in combination with the stormwater catchment 

mapping and site characteristics ï was used to determine the sites to be sampled.  

 

2.2.4 Land use characterisation 
 

Land use was characterised to provide information to test relationships with 

macroinvertebrate community metrics.  Base maps were created for the relevant 

stormwater catchments in ArcGIS by drawing polygons around features of different 

permeability, e.g. buildings and recreation parks.  

 



 

 

 

Contract Report No. 4922 3 © 2020 

Two land use characters were chosen that may affect stream health: land use type and 

residential density. Land use type was chosen to reflect the water retention properties 

of different surfaces. Area (in hectares) and % total area was calculated for each 

subcategory (described below) and for each sub-catchment. Residential density was 

selected because building footprint can account for a large proportion of impervious 

surface area in an urban catchment, and denser subdivisions typically have less pervious 

green space.  

 

In addition, residential age was calculated to provide context for contaminant results as 

hazardous substances are used in building materials e.g. lead/arsenic/cadmium-based 

paint, asbestos, treated timber. Urban growth was assessed comparing historical aerial 

imagery from the Retrolens website (retrolens.nz) with present-day aerial imagery, to 

provide context for changes in land use.   

 

Land Use Type 

 

Land use type was determined visually using Google Earth.  Polygons were categorised 

using the following land use categories: residential, grassland, scrub, treeland, forest, 

wetland and impervious surfaces (following descriptions by Atkinson (1985)). 

Residential polygons comprised areas with residential/commercial buildings. Grassland 

polygons comprised vegetation in which the cover of grass in the canopy is 20-100% 

and in which the grass cover exceeds that of any other growth form or bare ground. In 

addition, grassland polygons do not contain empty lots between houses in subdivisions 

but may contain farm buildings within a large area of farmland. Scrub polygons 

comprised woody vegetation in which the cover of shrubs (woody plants <10 cm 

diameter breast height) and trees in the canopy is >80% and in which shrub cover 

exceeds that of trees. Treeland polygons comprised vegetation in which the cover of 

trees in the canopy is 20-80%, with tree cover exceeding that of any other growth form. 

Forest polygons comprised woody vegetation in which the cover of trees (10 cm 

diameter breast height) and shrubs in the canopy is >80% and in which tree cover 

exceeds that of shrubs. Wetland polygons comprised permanently wet areas. 

Impervious surfaces comprise roads and the roofs of buildings.  

 

Residential Density 

 

Residential density was assessed visually using Google Earth, and was assigned to three 

categories: zero density, low density, or high density. Zero density polygons were either 

outside of the urban perimeter (e.g. farmland) or if within the urban perimeter were 

vacant lots >0.5 hectares and/or urban parks and reserves. Low density polygons 

consisted of areas with <50% building coverage. High density polygons had 

Ó50% building coverage.  

 

Residential Age 

 

Residential age was determined using historical imagery on Google Earth and the 

Retrolens (retrolens.nz) website.  Residential subdivisions are not filled at once and 

may contain vacant lots for some time and existing houses may be demolished and 

replaced with new houses, so banded categories were used whereby the number in each 

band denotes the earliest constructed age of the houses within a polygon.  The term 

ómixedô was used for situations where a polygon may contain houses constructed up 
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until the present. The following categories were used: pre-1950 mixed, 1960 mixed, 

1970 mixed, 1980 mixed, 1990 mixed, 2000 mixed, 2010-2015, and 2015-2020. The 

last two categories are more finely resolved, reflecting the large scale recent residential 

development and associated earthworks that have occurred within the stream 

stormwater catchments.   

 

2.3 Field assessment  
 

2.3.1 General 
 

A field survey was undertaken over four days 20-23 September 2019. The assessment 

was carried out during daylight hours with fine weather that had been stable and clear 

for three days prior to the survey. Twenty sites were sampled in total, including 12 sites 

in Bullock Creek, six sites in the Water Race Drain, and two sites in Stoney Creek (four 

sites were planned for sampling but two of the sites were dry at the time of sampling) 

(Figure 1). All sites were located downstream of stormwater drainage pipes. A 10 metre 

reach was sampled for all parameters (GPS coordinates were taken mid reach) (Table 

1). A separate fish survey undertaken on 30 April 2019 sampled two 100 metre reaches 

in Bullock Creek (Table 5; Figure 1).  

 
Table 1: Sampling sites at Bullock Creek, Water Race Drain, and Stoney Creek, 

Wanaka. 

 
Stream Site Location (NZTM) 

Bullock Creek 1 E1293803, N5043855 

2 E1293835, N5043718 

3 E1293904, N5043653 

4 E1293957, N5043574 

5 E1293974, N5043420 

6 E1294069, N5043328 

7 E1294040, N5043126 

8 E1293911, N5042931 

9 E1293758, N5042779 

10 E1293654, N5042678 

11 E1293534, N5042624 

12 E1293270, N5042369 

Water Race Drain 1 E1292849, N5043095 

2 E1292897, N5043001 

3 E1292972, N5042905 

4 E1292900, N5042840 

5 E1292784, N5042708 

6 E1292659, N5042530 

Stoney Creek 1 E1292551, N5043024 

2 E1292504, N5042944 
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2.3.1 Water quality 
 

Physicochemical parameters known to correlate with biotic responses were recorded 

using a calibrated hand-held YSI ProPlus2030 probe: temperature (°C), conductivity 

(ɛS/cm), and dissolved oxygen saturation (%). pH was measured using a calibrated 

hand-held Oaktron 30 probe. 

 

Data for conductivity, dissolved oxygen saturation, and pH were compared to the 

ANZECC (2018) default guideline values (DGVs) for Cool Dry Low Elevation habitats 

according to the River Environment Classification System for the urban reaches of 

Stoney Creek and Water Race Drain (Table 2). Spring-fed streams such as Bullock 

Creek do not have DGVs and so the same DGVs were used as for the other two urban 

streams, as an approximation. A value of Ò18ºC was used as a ñno effectò threshold of 

temperature on aquatic indigenous fauna, as per Davies-Colley et al. (2013).   

 
Table 2: ANZECC 2018 default guideline values (DGV) for Stoney Creek, 

Water Race Drain, and Bullock Creek, based on Cool Dry Low Elevation 
habitats in the River Environment Classification for New Zealand.  

 

Parameter 

ANZECC 2018 Default Guideline Values 
 

Cool Dry Low Elevation 
(20th -80th Percentile where Applicable) 

Dissolved oxygen (%) 81-101 

Conductivity (ɛS/cm) 116 

pH 7.23-7.80 

 

2.3.2 Deposited sediment quality 
 

The focus of this investigation was on contaminants commonly found in urban 

environments. Ammonia is a pollutant that can come from multiple sources, including 

landfill leachate, diesel exhaust fluid (urea and water), and wastewater. E. Coli is a 

bacterium that is found in the environment and in the intestines of animals and enters 

stormwater through human wastewater and animal waste discharges. Heavy metals are 

natural elements with high atomic weight and density that are used in many agricultural, 

domestic and industrial applications. The widespread use of heavy metals has led to 

contamination of land and water that can cause toxic effects at relatively low 

concentrations. Seven heavy metals are typically measured in water and sediment 

quality surveys. Arsenic, Chromium and Nickel are not generally associated with urban 

stormwater but tend to be associated with specific industrial activities such as timber 

treatment or metal works. Cadmium and Zinc are typically derived from tyre wear and 

galvanised steel roofing. Copper is sourced from brake wear, roofing and spouting. 

Lead historically came from leaded petrol but since its removal ongoing sources of lead 

include contaminated land, rainfall and atmospheric deposition. Polycyclic aromatic 

hydrocarbons (PAHs) are thought to derive from wear of roading materials, exhaust 

emissions and atmospheric deposition. Stormwater is discharged untreated into 

receiving environments in Wanaka.  

 

Deposited fine sediment (i.e. particles <2 mm, including clay, silt, and particulate 

organic carbon) in streams accumulate contaminants such as trace elements and 

hydrocarbons. In assessing the overall health of a water body, analysis of sediment 

quality is a useful tool. Contaminants exchange between the water column and 
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deposited sediment (and vice versa) depending on environmental conditions and 

deposited sediment can contain relatively larger concentrations of contaminants than 

the water column.  Deposited sediments also provide a time-integrated sample of 

contaminants that capture intermittent source contributions, e.g. stormwater events that 

may not be detected in single or periodic water samples (Shelton and Capel 1994). 

 

Each sediment sample was analysed for the following: 

 

¶ Ammonium-N (NH3 and NH4
+). 

¶ Total Organic Carbon (TOC). 

¶ Escherichia coli (E. coli). 

¶ Total recoverable arsenic, cadmium, chromium, copper, lead, nickel and zinc. 

¶ 16 USEPA priority polycyclic aromatic hydrocarbons (PAHs) (USEPA 1982). 

 

Sample collection of deposited sediment followed the guidelines of Shelton and Capel 

(1994) for analysis of trace elements and organic contaminants. Samples for trace metal, 

ammonium-N and E. coli analyses were collected with high-density polyethylene 

(HDPE) scoops and transferred into plastic sample containers (250 ml). Samples for 

polycyclic aromatic hydrocarbon analysis were collected with high-quality stainless-

steel scoops and transferred into glass sample containers (300 ml).  

 

Deposition zones where sediment had accumulated were used as collection points for 

deposited sediment, such as the inside bend of a stream or areas downstream of 

obstacles, e.g. boulders. Depositional zones were approached from downstream and the 

top 2 cm of sediment was scooped, excess water drained off and the material placed in 

the appropriate sample container. This process was repeated at all depositional zones 

within the sample reach to form a composite sample per site. Samples were placed into 

chilled storage and delivered to Hill Laboratories in Christchurch within 24 hours.  

 

2.3.3 Deposited sediment quantity 
 

The quantity and characteristics of deposited fine sediment on stream beds can be 

indicative of human land use and in an urban context often the result of residential 

development (i.e. earthworks). The Quorer technique was used to measure the amount 

of fine sediment held within the interstitial spaces of the stream bed using the protocol 

of Clapcott et al. (2011).  An open-ended cylinder was placed on the stream bed - 

downstream of the macroinvertebrate sampling site and before macroinvertebrate 

sampling commenced - and a background water sample was collected in a 500 ml 

plastic bottle. Water depth was measured within the cylinder and then the top 5-10 cm 

of substrate was disturbed vigorously using a stirring rod and a sample was taken of the 

resulting slurry (500 ml plastic bottle). The samples were chilled and sent to Analytica 

Laboratories for analysis of suspendible inorganic sediment (SIS) and suspendible 

organic sediment (SOS).  

 

2.3.4 Habitat survey 
 

The National Rapid Habitat Assessment protocol (Clapcott 2015) was used to assess 

the state of instream physical habitat and riparian habitat at the reach scale and is widely 

applied at State of Environment river monitoring sites. The total maximum habitat 

quality score (HQS) is 100, however the total score could be scaled to a reference score 
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to provide a % HQS. If a reference site is not available, a minimal approximation of 

reference would be the maximum HQS. This protocol covers 10 parameters: deposited 

sediment, invertebrate habitat diversity, invertebrate habitat abundance, fish cover 

diversity, fish cover abundance, hydraulic heterogeneity, bank erosion, bank 

vegetation, riparian width and riparian shade (Appendix 1). 

 

2.3.5 Macroinvertebrate survey 
 

Benthic macroinvertebrates were collected using a kick net with a 500 ɛm diameter 

mesh using the hard-bottomed, semi-quantitative wadeable stream C1 protocol (Stark 

et al. 2001). Several different locations at each site and along the 10-metre reach were 

sampled to create one composite sample covering a variety of velocity regimes until a 

total area of 1 m2 of riffle habitat had been sampled.  

 

Samples were processed in the laboratory using the coded abundance protocol (Stark 

et al. 2001). Macroinvertebrates were identified under a dissecting microscope (10-

40X) using the guides of Winterbourn et al. (2006) and Landcare Research (2019).  

 

Macroinvertebrate abundance data was converted into coded abundance scores 

equivalent to 0.3-0.6 m2 Surber samples of sampled habitat based on Stark (1998) 

(Table 3). 

 
Table 3: Coded abundance scores used to summarise macroinvertebrate data (from 

Stark 1998). 
 

Abundance Coded Abundance 
Weighting 

Factor 

1-4 (R) Rare  1 

5-19 (C) Common  5 

20-99 (A) Abundant  20 

100-499 (VA) Very abundant  100 

>500 (VVA) Very very abundant  500 

 

2.3.6 Macroinvertebrate metrics 
 

Traditionally, stream health assessments were focused on chemical data which reflects 

only the stream conditions at the moment the sample is taken and only on a defined set 

of parameters. In contrast, macroinvertebrates have a life cycle of at least a year or 

more, do not move great distances, and are more or less confined to the area of stream 

sampled. Macroinvertebrates therefore integrate environmental conditions over a 

longer time period and can be used to identify relationships with land use. 

 

For each sampled site, benthic macroinvertebrate community composition was assessed 

using a number of diagnostic macroinvertebrate metrics as proxies for stream health: 

 

¶ Taxonomic richness 

 

A measurement of the number of taxa (a taxonomic group of any rank, such as a 

species, genera, or family) present. Taxonomic richness as a metric is less reliable 

than EPT taxonomic richness as it combines all taxa including those that become 

more prevalent under perturbed conditions. 
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¶ Ephemeroptera, Plecoptera and Trichoptera index (EPT) 

 

EPT taxonomic richness is the number of taxa belonging to the orders 

Ephemeroptera (mayflies), Plecoptera (stoneflies) or Trichoptera (caddisflies) in 

the sample and provides information on the richness/diversity of these groups in the 

sampled stream. % EPT taxonomic richness is calculated by counting the total 

number of EPT taxa in a sample and dividing that number by the sample taxa 

richness and multiplying by 100. The % EPT provides information on the 

organisation/composition of the macroinvertebrates in the sampled stream. EPT 

taxa are generally pollution-sensitive and can indicate high water quality and 

structurally complex invertebrate habitat (Wagenhoff et al. 2016). 

 

¶ Macroinvertebrate Community Index (MCI) (Stark 1985) 

 

MCI is responsive to multiple stressors that relate to land use (e.g. channel works, 

shade removal, organic and nutrient inputs, stormwater inputs) and therefore 

provides an assessment of the overall health of the macroinvertebrate community 

in response to these factors (Clapcott and Goodwin 2014) and as recognised by the 

National Policy Statement - Freshwater Management. The limitations of MCI are 

that it has not been evaluated for other habitats (e.g. lakes, wetlands) or for other 

types of disturbance (e.g. toxic discharges, flow variation) and therefore the 

application and interpretation of MCI scores in these circumstances should proceed 

with caution (Stark and Maxted 2007).  

 

Tolerance values have been assigned to specific genera and their presence or 

absence is used to calculate an MCI value for the sampled site. MCI values are used 

to assign water quality classes (Table 4).   

 
Table 4: Interpretation of Macroinvertebrate Community Index values (Stark and 

Maxted 2004).  
 

Water Quality Class MCI SQMCI 

Excellent >119 >5.99 

Good 100-119 5.00-5.99 

Fair 80-99 4.00-4.99 

Poor <80 <4.00 

 

¶ Semi-Quantitative Macroinvertebrate Community Index (SQMCI) (Stark 1998) 

 

SQMCI is a variant of MCI that takes into account the relative abundances of taxa 

and therefore responds to changes in numerical composition and dominance unlike 

MCI which only reflects changes in taxonomic composition. SQMCI is useful when 

subtle changes in community composition need to be assessed such as where water 

quality changes are expected over relatively short river reaches, e.g. above and 

below wastewater discharges or water abstraction points.   

 

2.3.7 Fish survey 
 

A fish survey was carried out on 30 April 2019 using a NIWA EFM300 backpack 

electric fishing machine (EFM).  Methods were based on the New Zealand freshwater 
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fish sampling protocol (Joy et al. 2013).  Two 100 metre reaches were fished in Bullock 

Creek, one in the upper part of the stream and one in the very lowest reach, not far from 

Lake Wanaka (Table 5, Figure 1).   

 

The operator of the electric fishing machine moved through each reach with a person 

positioned downstream with a net. Stunned fish were captured and placed in a bucket 

to prevent further shock and were identified and measured before being returned to the 

area where they were captured.  

 
Table 5: Fish survey sites in Bullock Creek, Wanaka, April 2019. 
 

Site Location (NZTM) 

Bullock Creek upstream 0 m E1293486, N5042593 
100 m  E1293429, N5042520 

Bullock Creek downstream 0 m  E1293836, N5043732 
100 m E1293897, N5043660 

 

2.4 Data analysis 
 

2.4.1 Guidelines 
 

Results of the analyses were compared against sediment quality guidelines (Simpson et 

al. 2013) to assess the potential ecological effects of contaminants in stream bed 

sediments. The application of the guidelines uses a tiered decision-tree approach. This 

investigation focuses on the first step in the process which identifies whether the total 

concentration (TC:mg/kg dry weight) of a contaminant exceeds the Sediment Quality 

Guideline Values (Table 6). If TC<SQGV then biological effects are negligible. If 

SQGV<TC<SQG then biological effects are possible. If  TC>SQG is high then 

biological effects are expected. Further steps can involve the bioavailability of the 

contaminant and additional lines of evidence e.g. from ecotoxicology or benthic 

ecology, before a weight of evidence approach is finally used to determine the likely 

affect to ecosystem health. 

 
Table 6:  Sediment Quality Guideline Values for selected contaminants (Simpson et 

al. 2013).  
 

Contaminant Guideline Value SQG-High 

METALS/METALLOIDS (mg/kg dry weight)   

Arsenic 2 25 

Cadmium 1.5 10 

Chromium 80 370 

Copper 65 270 

Lead 50 220 

Nickel 21 52 

Zinc 200 410 

ORGANICS (mg/kg dry weight, 1% TOC)a   

Total PAHsb 10 50 

a  Normalised to 1% organic carbon within the limits of 0.2 to 10%. Thus if a sediment has (i) 2% OC, 
the ó1% normalisedô concentration would be the measure concentration divided by 2, (ii) 0.5% OC, 
then the 1% normalised value is the measured value divided by 0.5, (iii) 0.15% OC, then the 1% 
normalised value is the measured value divided by the lower limit of 0.2. 

b  The SQGV and SQG-High values for total PAHs (sum of PAHs) include the 18 parent PAHs: 
naphthalene, acenaphthylene, acenaphthene, fluorene, anthracene, phenanthrene, fluoranthene, 
pyrene, benzo[a]anthracene, chrysene, benzo(a)pyrene, perylene, benzo(b)fluoranthene, 
benzo(k)fluoranthene, benzo(e)pyrene, benzo(ghi)perylene, dibenz(a,h)anthracene, and 
indeno(1,2,3-cd)pyrene 
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2.4.2 Data adjustment 
 

For the purpose of calculating Total PAHs, any individual compound reported at a 

concentration less than the laboratory detection limit were replaced by a value one half 

of the detection limit (e.g. a value of <2 became 1), as per Cohen and Ryan (1989). 

 

For comparison of the sediment concentrations of organic contaminants against the 

Simpson et al. (2013) guidelines, the concentrations were normalised to a Total Organic 

Carbon (TOC) content of 1%. 

 

2.4.3 Cluster analysis 
 

Cluster analysis was used to group sites for similarity by exploring differences in 

macroinvertebrate communities and habitat quality across sites.  Hierarchical cluster 

analysis is the most common method and generates a series of models with cluster 

solutions from 1 (all cases in one cluster) to n clusters (each case is an individual 

cluster). The measure chosen was Euclidean distance (the "ordinary" straight-line 

distance between two points in Euclidean space) and the method chosen was Wardôs 

(uses the F value to maximize the significance of differences between clusters). Two 

cluster analyses were performed: % EPT as it provides information on the 

organisation/composition of macroinvertebrates and is related to high water quality and 

structurally complex habitat; and MCI as a general indicator of stream health.  

 

2.4.4 Simple linear regression 
 

Linear regression models are used to predict the relationship between dependent and 

independent variables. A simple linear regression model with one dependent variable 

and one independent variable was used for this investigation due to the smaller sample 

size (two sites were dry and could not be sampled) and in order to have enough power 

to detect a significant difference.  

 

Macroinvertebrate community metrics (taxonomic richness, EPT richness, %EPT, 

MCI, SQMCI) were individually used as dependent variables and tested against 

individual independent variables: land use type (non-vegetative), residential density (% 

impervious surface), sediment quantity (suspendible inorganic sediment), sediment 

quality (heavy metals and total PAHs) and habitat quality score.  Land use type was 

condensed down to vegetative (grassland, scrub, treeland, forest, wetland) and non-

vegetative (residential, impervious surfaces) to reduce the number of factors in the 

analysis. Percent impervious surface was used as a proxy for residential density instead 

of the categories zero, low and high also to reduce the number of factors in the analysis. 

Heavy metals, PAHS, and Suspendible Inorganic Sediment were additionally used as 

dependent variables, to test for a relationship with land use type and residential density.  

 

 

3. EXISTING ENVIRONMENT 
 

3.1 Geology and climate 
 

The Wanaka Basin was formed of metamorphic schist rocks between 180 and 120 

million years ago and includes Lake Wanaka, Lake Hawea, and the steep surrounding 

mountains up to 2,350 metres above mean sea level.  Geological and glacial processes 
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have resulted in parallel ranges of mountains, schist tors and flat-topped terraces. Lake 

Wanaka was formed approximately 18,000 years ago with the retreat of the last 

glaciations. The climate is characterised by warm summers and cold winters with 

northwest prevailing winds and precipitation affected by the rain shadow of the Main 

Divide. Wanaka township at an altitude of around 300 metres above mean sea level 

receives around 600 mm of rainfall per annum. 

 

3.2 Soils and hydrology 
 

The Wanaka urban area consists of mid-late Quaternary fluvioglacial deposits including 

alluvial and colluvial sediment and till which cover most of the underlying Tertiary 

sediments and schist basement rock. Soils within the urban stream catchments are 

classified as pallic (formed in schist or greywacke loess) or recent (occur on young land 

surfaces <2,000 years old) and are moderately well drained or well drained (S-map, 

2020).  

 

The project area is part of the Clutha River/Mata-Au catchment which encompasses the 

Clutha River and runs in a north-south direction about 250 kilometres from the 

headwaters to the sea. It is the largest catchment in New Zealand by area and river flow 

volume. The Wanaka Basin-Cardrona gravel aquifer is located between Lake Wanaka, 

the Upper Clutha River, the Criffel Range, and Mount Roy. The aquifer is drained by 

the Clutha River, Lower Cardrona River, Lake Wanaka, the urban streams, and bores.   

 

3.3 Project streams 
 

The three project streams lie within the Wanaka urban zone and drain into Lake 

Wanaka. The catchment of Bullock Creek is entirely within the urban zone, while the 

upper parts of the Water Race Drain and Stoney Creek catchments are both grazed low 

producing farmland.  Bullock Creek is a much longer and larger stream than the other 

two.  Although they have similar catchments, the Water Race Drain stream is about 

four times longer than Stoney Creek. Further overview descriptions are provided below. 

 

Bullock Creek 

 

As noted above, the headwaters of Bullock Creek are located in the urban area, and 

originate from a wetland adjacent to Stone Street.  A series of springs along the stream 

contribute to the flow, which is relatively constant.  Bullock Creek flows for about two 

kilometres and the outlet into Lake Wanaka is near the corner of Ardmore Street and 

Lakeside Drive.  

 

Water Race Drain 

 

The headwaters of Water Race Drain are high on the Mt Alpha Range and the outlet 

into the lake is located near the western side of the Wanaka Recreational Reserve. 

During periods of low precipitation, the upper sections of the stream channel ï 

including upper and mid-slopes on the range to within the urban zone ï are dry but 

some flow is maintained in the lower reaches by springs. During the survey, the wetted 

section of Water Race Drain was about 0.8 kilometres. 
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Stoney Creek  

 

The headwaters of Stoney Creek are also high on the Mt Alpha range and the outlet into 

the lake is located just to the east of Meadowstone Drive.  As for the Water Race Drain, 

the upper sections of the stream channel - from upper and mid-slopes on the range to 

within the urban zone ï are often dry with some flow maintained by springs. During 

the survey, the wetted section of Stoney Creek was only about 0.2 kilometres.  

 

3.4 Vegetation and fauna 
 

The project area is situated within the Wanaka Ecological District which is part of the 

Lakes Ecological Region.  Prior to human settlement, models suggest that the Upper 

Clutha valley floors were dominated by kǕnuka (Kunzea ericoides), kǾwhai (Sophora 

microphylla ), mǕnuka (Leptospermum scoparium) and various drought-tolerant shrubs 

(e.g. Coprosma, Carmichaelia, Hebe, Muehlenbeckia, Olearia and Discaria toumatou) 

with the lower slopes having an assemblage of kǕnuka, kǾwhai, mǕnuka and Hallôs 

totara (Podocarpus laetus ).  Above c.700 metres Nothofagus menziesii (silver beech) 

and N. solandri var. cliffortioides (mountain beech) are likely to have become 

increasingly dominant (Walker et al. 2003).  

 

The present vegetation comprises depleted hard and silver tussock on mountains and 

depleted snow tussock at higher altitude, indigenous forests are generally restricted to 

gullies and shady slopes. Mountain beech, silver beech and red beech with a few 

emergent podocarps can be found in forest remnants west of Lake Wanaka and 

beech/hardwood forest east of Lake Wanaka. Mixed low forest/shrublands that include 

broadleaf (Griselinia littoralis), kǾwhai, makahikatoa, lancewood (Pseudopanax 

crassifolius), mǕhoe (Melicytus ramiflorus), putaputaweta (Carpodetus serratus), 

mǕpou (Myrsine australis) and southern rata (Metrosiderous umbellata) are present to 

the northwest of the lake and bracken fernland is extensive on lower slopes facing the 

lake (McEwen 1987).  

 

Forest remnants support a variety of forest bird species including bellbird/koparapara 

(Anthornis melanura), brown creeper/pipirihika (Mohoua novaeseelandiae), 

rifleman/tǭtitipounamu (Acanthissita chloris) and kakariki (Cyanoramphum auriceps). 

Rock wren (Xenicus gilviventris) and kea (Nestor notabilis) are present at higher 

altitude. Crested grebe (Podiceps cristatus), scaup (Aythya novaeseelandiae) and marsh 

crake (Porzana pusilla) occur on the lake and lake margins. Wrybill (Anarhynchus 

frontalis) and pied stilt (Himantopus leucocephalus) breed on the braided riverbed of 

the Matuktuki River.  Grand skink (Oligosoma grande) occur on the northern side of 

Lake Hawea with the only other populations known from the Lindis and Macraes 

Ecological Districts (McEwen 1987).  

 

3.5 History and land use 
 

The Upper Clutha area had been used as a travel route by early MǕori in search of 

pounamu on the West Coast and as a destination to gather food. Permanent settlement 

by MǕori appears to have occurred in the early years of European arrival with evidence 

of dugout canoe landings, urupǕ and fortified pǕ (Hewitt 2018).   
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Europeans arrived in the area in the 1850s to undertake surveys; the establishment of 

sheep stations, sawmilling and the discovery of gold quickly followed. Tourism began 

in Wanaka with the establishment of the first hotel in 1867 and in 1883 a paddle steamer 

offered cruises for tourists on the lake. By the 1940s the population of Wanaka was 

around a hundred households and had grown to just under a thousand by the late 1960s 

necessitating the installation of a public sewage system (Roxburgh 1990). In recent 

years, the population of Wanaka has increased rapidly to 8,720 residents with an 

average day population of 14,260 (residents and visitors) which is projected to increase 

to 17,070 residents with an average day population of 25,040 by 2048 (Utility Ltd 

2018).  

 

The urban area and surrounds have been extensively cleared of indigenous forest and 

replaced with agricultural land and urban development. Remnant indigenous scrub and 

bush can be found in isolated patches on steeper ground, there are blocks of exotic forest 

or shelter belts around farmland, amenity planting along roads and some indigenous 

vegetation restoration along the banks of Bullock Creek and within the Bullock Creek 

wetland.  

 

Historical activities that may have affected urban stream health include:  

 

i) sewage cross connections, a house in Old Station Avenue was responsible for 

high E. coli levels in Stoney Creek for up to seven years before it was found;  

ii)  Copper sulphate was applied to waterways to kill snails responsible for 

ñswimmerôs itchò; and  

iii)  two timber mills that used arsenic to treat timber were located near Bullock 

Creek (C Arbuckle, personal communication, 12 April 2019).  

 

In addition, there are three sites within the urban streams catchments that are on the 

Hazardous Activities and Industries List (HAIL)  (Figure 2) (Appendix 2). The BP 

service station (Site 24) has a HAIL Category F6 (railway yards including goods-

handling yards, workshops, refuelling facilities or maintenance areas), the Caltex 

service station (Site 7) has a HAIL Category F4 (motor vehicle workshops), and 

271 Studholme Road (Site 25) has a HAIL category A10 (Persistent pesticide bulk 

storage or use including sport turfs, market gardens, orchards, glass houses or spray 

sheds). 

 

3.6 Current water quality data 
 

Otago Regional Council monitors surface water quality in the Upper Clutha area for 

state of the environment reporting but has only recently implemented a monitoring 

station within the urban area taking data from Bullock Creek at Dunmore Street.  

Interim results - as the site has only been monitored for less than five years - show 

elevated (80th percentile below median flow exceeded the Plan Change 6A - Otago 

Water Plan standards) levels of E. coli and nitrite-nitrate nitrogen (Otago Regional 

Council 2019).  In addition, the Touchstone Project (established in 2017) samples 

baseline and first flush stormwater at a number of sites within the urban area and 

surrounds for nutrients and contaminants, and uses freshwater macroinvertebrate 

sampling as a biological indicator. 
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4. RESULTS 
 

4.1 Land use mapping 
 

Stormwater catchment mapping revealed that the majority of sampling sites were within 

different sub-catchments.  The exceptions were Bullock Creek Sites 2, 3, and 4 and 

Bullock Creek sites 5 and 6, which belong to the same sub-catchments (Figure 3). 

 

Sub-catchment size for Stoney Creek ranged from three to 174 hectares, for Water Race 

Drain from three to 214 hectares, and for Bullock Creek from three to 35 hectares 

(Table 7). 

 
Table 7: Sample sites and sub-catchment sizes (hectares) for urban streams in 

Wanaka. 

 
Stream Site Sub-Catchment Size (hectares) 

Stoney Creek 1 77 

2 25 

3 3 

4 174 

Water Race Drain 1 4 

2 4 

3 9 

4 3 

5 17 

6 214 

Bullock Creek 1 3 

2* 

21 3* 

4* 

5* 
9 

6* 

7 16 

8 15 

9 3 

10 6 

11 17 

12 35 

*   Note: Bullock Creek sites 2, 3, 4 are part of the same sub-catchment. Bullock Creek 
Sites 5 and 6 are also part of the same sub-catchment.  

 

4.1.1 Land use type 
 

The largest land use type by percentage total area for each sub-catchment for Stoney 

Creek was residential for Sites 1 (56%), 2 (49%) and 3 (71%) and grassland for Site 4 

(81%).   

 

For Water Race Drain, the dominant land use type was residential for Sites 1 (63%), 2 

(58%), 4 (69%), and 5 (76%) and grassland for Sites 3 (46%) and 6 (93%).  

 

For Bullock Creek, the main land use was residential for Sites 2, 3, and 4 (42%) (note 

these sites are in the same sub-catchment), 5 and 6 (35%) (note these sites are in the 

same sub-catchment), 9 (48%), 11 (51%), and 12 (60%) and was impervious surface 
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for Site 1 (44%), grassland for Sites 7 (61%) and 8 (71%), and treeland for Site 10 

(31%) (Table 8) (Figures 4a, 4b, 4c). 

 
Table 8: Wanaka urban stream sample sites by land use type.  

 
Stream Site Land Use Type Area (Ha) % Total Area 

Stoney Creek 1 Residential 43 56 

Forest 3 4 

Treeland 5 6 

Grassland 14 18 

Impervious surface 12 16 

2 Residential 12 49 

Grassland 5 20 

Impervious surface 8 31 

3 Residential 2 71 

Impervious surface 1 29 

4 Forest 3 2 

Scrub 30 17 

Grassland 141 81 

Water Race Drain 1 Residential 2 63 

Grassland 0 5 

Impervious surface 1 32 

2 Residential 3 58 

Impervious surface 2 42 

3 Residential 3 29 

Grassland 4 46 

Impervious surface 2 25 

4 Residential 2 69 

Impervious surface 1 31 

5 Residential 13 76 

Impervious surface 4 24 

6 Residential 1 1 

Scrub 9 4 

Treeland 3 1 

Grassland 200 93 

Impervious surface 1 1 

Bullock Creek 1 Residential 1 39 

Grassland 0 17 

Impervious surface 1 44 

2* Residential 9 42 

Forest 2 8 

Treeland 1 6 

Grassland 2 7 

Impervious surface 8 37 

3* Residential 9 42 

Forest 2 8 

Treeland 1 6 

Grassland 2 7 

Impervious surface 8 37 

4* Residential 9 42 

Forest 2 8 

Treeland 1 6 

Grassland 2 7 

Impervious surface 8 37 

5* Residential 3 35 

Forest 0 5 

Treeland 1 10 
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Stream Site Land Use Type Area (Ha) % Total Area 

Grassland 3 33 

Impervious surface 2 17 

6* Residential 3 35 

Forest 0 5 

Treeland 1 10 

Grassland 3 33 

Impervious surface 2 17 

7 Residential 4 27 

Grassland 10 61 

Impervious surface 2 12 

8 Residential 3 20 

Grassland 11 71 

Impervious surface 1 9 

9 Residential 2 48 

Grassland 1 33 

Impervious surface 1 19 

10 Residential 2 27 

Treeland 2 31 

Grassland 1 21 

Impervious surface 1 21 

11 Residential 8 51 

Treeland 1 4 

Grassland 3 16 

Wetland 1 4 

Impervious surface 4 25 

12 Residential 21 60 

Treeland 0 1 

Grassland 7 20 

Wetland 2 7 

Impervious surface 4 12 

 
*Note: Bullock Creek Sites 2, 3, and 4 are part of the same sub-catchment. Bullock Creek sites 5 and 6 

are also part of the same sub-catchment. 

 

4.1.2 Residential density 
 

The greatest residential density type by percentage total area for each sub-catchment 

for Stoney Creek was low for Site 1 (56%), high for Sites 2 (61%) and 3 (91%), and 

zero for Site 4 (100%).  

 

For Water Race Drain, density was high for Sites 1 (86%), 2 (86%), 4 (96%), and 5 

(70%) and zero for Sites 3 (60%) and 6 (99%).  

 

For Bullock Creek, density was high for Sites 1 (44%) 2, 3, and 4 (58%) (note that these 

sites are in the same sub-catchment), 9 (57%) and 11 (65%), zero for Sites 5 and 6 

(45%) (note that these sites are in the same sub-catchment), 7 (75%), 8 (75%), 10 

(64%), and 12 (49%) (Table 9) (Figures 5a, 5b, 5c).  
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Table 9: Wanaka urban stream sample sites by residential density.  
 

Stream Site Residential Density Area (Ha) % Total Area 

Stoney Creek 1 Zero 30 39 

Low  43 56 

High 4 5 

2 Zero 10 39 

High 15 61 

3 Zero 0 9 

High 3 91 

4 Zero 174 100 

Water Race Drain 1 Zero 1 14 

High 3 86 

2 Zero 1 14 

High 4 86 

3 Zero 6 60 

High 4 40 

4 Zero 0 4 

High 3 96 

5 Zero 5 30 

High 12 70 

6 Zero 212 99 

High 1 1 

Bullock Creek 1 Zero 1 43 

Low  0 13 

High 1 44 

2* Zero 9 40 

Low  0 2 

High 12 58 

3* Zero 9 40 

Low  0 2 

High 12 58 

4* Zero 9 40 

Low  0 2 

High 12 58 

5* Zero 4 45 

Low  1 10 

High 4 45 

6* Zero 4 45 

Low  1 10 

High 4 45 

7 Zero 12 75 

High 4 25 

8 Zero 11 75 

High 4 25 

9 Zero 1 43 

High 2 57 

10 Zero 4 64 

Low  0 2 

High 2 34 

11 Zero 5 31 

Low  1 4 

High 10 65 

12 Zero 17 49 

Low  13 37 

High 5 14 

* Note: Bullock Creek Sites 2, 3, 4 are part of the same sub-catchment. Bullock Creek Sites 5 
and 6 are also part of the same sub-catchment. 
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4.1.3 Residential age 
 

The greatest residential age by percentage total area for each sub-catchment for Stoney 

Creek was 2000 mixed for Site 1 (45%), 2010-2015 for Sites 2 (42%) and 3 (91%), and 

zero for Site 4 (100%).  

 

For Water Race Drain, it was 2000 mixed for Sites 1 (86%), 2 (86%), and 4 (96%), 

1990 mixed for Site 5 (52%), and zero for Sites 3 (60%) and 6 (99%).  

 

For Bullock Creek it was pre-1950 mixed for Sites 1 (57%), 2, 3, 4 (45%) (these sites 

are in the same sub-catchment) and 9 (57%), and zero for Sites 5 and 6 (54%) (these 

sites are in the same sub-catchment), 7 (75%), 8 (74%) and 10 (62%), 1960 mixed for 

Site 11 (56%), and 2015-2020 for Site 12 (45%) (Table 10) (Figures 6a, 6b, 6c).  
 

Table 10: Wanaka urban stream sample sites by residential age.   

 
Stream Site Residential Age Area (Ha) % Total Area 

Stoney Creek 1 Zero 30 39 

1990 mixed 11 14 

2000 mixed 34 45 

2010-2015 1 2 

2 Zero 8 32 

2000 mixed 5 19 

2010-2015 10 42 

2015-2020 2 7 

3 Zero 0 9 

2010-2015 3 91 

4 Zero 174 100 

Water Race Drain 1 Zero 1 14 

2000 mixed 3 86 

2 Zero 1 14 

2000 mixed 4 86 

3 Zero 6 60 

Pre 1950 mixed 1 6 

1990 mixed 1 15 

2000 mixed 2 19 

4 Zero 0 4 

2000 mixed 3 96 

5 Zero 4 21 

1990 mixed 9 52 

2000 mixed 3 19 

2015-2020 1 8 

6 Zero 212 99 

1990 mixed 2 1 

2000 mixed 0 0 

Bullock Creek 1 Zero 1 43 

Pre 1950 mixed 2 57 

2* Zero 8 39 

Pre 1950 mixed 10 45 

1970 mixed 3 14 

1980 mixed 0 2 

3* Zero 8 39 

Pre 1950 mixed 10 45 

1970 mixed 3 14 

1980 mixed 0 2 

4* Zero 8 39 

Pre 1950 mixed 10 45 

1970 mixed 3 14 

1980 mixed 0 2 

5* Zero 5 54 
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Stream Site Residential Age Area (Ha) % Total Area 

Pre 1950 mixed 4 46 

6* Zero 5 54 

Pre 1950 mixed 4 46 

7 Zero 12 75 

Pre 1950 mixed 4 25 

8 Zero 11 74 

Pre 1950 mixed 4 26 

9 Zero 1 43 

Pre 1950 mixed 2 57 

10 Zero 4 62 

Pre 1950 mixed 2 34 

1960 mixed 0 4 

11 Zero 5 31 

Pre 1950 mixed 1 6 

1960 mixed 9 56 

1990 mixed 1 6 

2000 mixed 1 1 

12 Zero 11 32 

Pre 1950 mixed 1 3 

1990 mixed 2 7 

2000 mixed 4 12 

2010-2015 1 1 

2015-2020 15 45 

 

*Note: Bullock Creek Sites 2, 3, and 4 are part of the same sub-catchment. Bullock Creek Sites 5 and 6 

are also part of the same sub-catchment. 

 

4.1.4 Urban growth 
 

A comparison of the project stream catchments in 1958 (Plate 1) compared with 

present-day (Figure 7) shows the scale and extent of urban growth.  Total urban area 

within the catchments grew by 1,322%.  For the Stoney Creek catchment, urban area 

increased by 247%, for the Water Race Drain catchment it was 6,818% and for the 

Bullock Creek catchment it was 22,188% (Table 11).  

 

 

Plate 1: Aerial photograph of Wanaka township in 1958. Source: Retrolens. Survey 
number: SN1060. Run number: 2688. Photo number 1.  


