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2 Executive Summary 
Studies carried out in the Auckland Region, and elsewhere, indicate that stormwater runoff and 

infrastructure have a profound effect on the ecology of waterways.  Auckland’s urban streams are an 

integral component of the stormwater drainage network and have traditionally been modified to 

maximise urban land development and mitigate flooding.  The piping and realignment of streams has 

reduced their overall extent, and many of the remaining stream reaches have been modified to the 

point where they provide very little, if any, ecological function.  Concrete-lined channels, which are 

relatively widespread within the Auckland isthmus, are disconnected from the groundwater system, 

provide virtually no habitat function, and potentially impede fish migration.  Poorly designed and/or 

installed culverts, weirs, and other in-stream structures also impair the ecological functioning of many 

urban streams, particularly if they impede the upstream migration of freshwater fish.  Urban streams 

tend to have more frequent, larger and flashier flood flows, and as a consequence, stream bank erosion 

is a problem in many areas.  Channel stabilisation and widening is often required to protect stream 

banks and beds from erosion, further reducing the extent and natural character of the stream.   

Elevated stream temperatures (caused by the lack shading by riparian vegetation, by the discharge of 

warm water from stormwater detention ponds and hot impervious surfaces, and by reduced base flows) 

are likely to be harmful to temperature sensitive invertebrates and fi sh.  Sediment runoff in developing 

urban catchments poses a significant short to medium term threat to freshwater ecosystems (during 

earthworks and whilst soils are stabilised). However, sediment runoff in developed urban catchments is 

unlikely to have a major effect on most freshwater fish and invertebrates.  However, a number of other 

contaminants exceed guideline values, and are expected to negatively affect freshwater communities.   

High suspended and deposited sediment loads pose a serious threat to coastal ecosystems.  

Sedimentation has contributed to the expansion of mangroves and in doing so, reduced the extent of 

other habitats (primarily sand and mud flats) and species.  In coastal habitats, thick deposits of land-

derived sediment rapidly kill most benthic macrofauna, while thin deposits lead to a reduction in species 

diversity and abundance.  Recovery rates after depositional events tend to be slow and can take longer 

than a year.  Suspended sediments reduce water clarity, light levels, food quality, and the feeding 

efficiency of animals.  Consequently, a number of New Zealand studies have shown that the 

physiological condition and survival rates of marine species frequently decline as suspended sediment 

concentrations increase. 

Plastic materials are commonly discharged in stormwater and have rapidly accumulated in the marine 

environment over the past 50+ years.  Plastic litter causes a range of adverse ecological effects.  Plastics 

kill marine species through ingestion and entanglement, and act as a vector for the transport of invasive 

organisms.  In addition, toxic additives which are used in the manufacture of some plastics, and organic 

contaminants which become concentrated on plastics, may also affect organisms that are intimately 

exposed to plastics. 

Sediment concentrations of copper, lead and zinc exceed low level sediment quality guideline values in 

many sheltered coastal inlets adjoining older urban catchments in the Auckland Region.  Metal and 

organic contaminants in Auckland’s stormwater runoff are bioavailable and accumulated in the tissues 

of shellfish, fish, birds and other invertebrates.  Several studies conducted in the Auckland Region have 
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clearly demonstrated that the composition of benthic macrofaunal communities changes as sediment 

contamination increases.  These studies also indicate that stormwater contaminants compound the 

effects of other environmental stressors and differentially affect rare species and large species.  Rare 

species are particularly important for the large contribution they make to overall species diversity, while 

large species make a disproportionately large contribution to ecosystem functions and services.   

Nutrient runoff in stormwater from urban catchments is unlikely to have a major impact on freshwater 

or coastal ecosystems unless a significant amount of untreated wastewater enters the stormwater 

system (which does occur in some parts of Auckland).  However, concern is increasing about nutrient 

runoff from rural catchments, particularly in relation to the growing intensity of dairy farming.  

National-scale river water quality monitoring has shown that total nitrogen, oxidised nitrogen (NOx-N), 

dissolved reactive phosphorus, and total phosphorus concentrations in New Zealand’s rivers all 

displayed significant upward trends between 1989 and 2007.  In contrast, very little information is 

available on the accumulation and impacts of land-derived nutrients on coastal ecosystems.  Research 

interest on this topic is increasing. 

The biological effects of stormwater contaminants are expected become more pronounced if 

contaminant concentrations continue to increase.  Actions taken to decrease contaminant loads could 

reduce future environmental risk. 
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3 Introduction 
Stormwater runoff patterns are radically altered during the transition from forested, to rural, to urban 

landuses.  In forested catchments, rain interception, evaporation, leaf transpiration, and soil infiltration 

dampen the volume and rate of surface-water runoff during a storm event.  However, surface-water 

runoff progressively increases as trees are removed and permeable soils are replaced with hard, 

impervious ground cover (such as roads, paving and buildings).  The quantity and rate of surface-water 

runoff is greatest in intensively developed urban catchments, which have a high proportion of 

impervious surfaces.  In these situations, most of the rainfall that reaches the ground rapidly enters the 

stormwater system through quick flow runoff.  As a result, urban streams tend to be more ‘‘flashy’’, with 

more frequent events characterised by large flood flows that quickly peak and recede (as indicated by 

the steep ascending and descending limbs of urban hydrographs) (Paul and Meyer 2001, Elliott et al. 

2004, Roy et al. 2005, Walsh et al. 2005). 

To maximise land development and mitigate flooding issues, urban streams are commonly modified by 

piping, straightening, channelising, or otherwise altering the streambed and riparian margin.  Stream 

habitat quality is further degraded by the removal of woody materials and veg etation that potentially 

constrict flood flows.  Consequently, urbanisation leads directly to the physical degradation and loss of 

aquatic habitat.   

Water quality is also degraded during urbanisation.  Sediment erosion increases during the early stages 

of development, when large areas of bare earth are exposed during earthworks and construction.  

Sediment runoff subsequently decreases as development proceeds, due to ground cover changing to 

erosion resistant, impervious surfaces.  However, significant amou nts of stream bank erosion, and 

associated sediment generation, can still occur as the volume and velocity of stormwater flows increase 

(Suren 2000, Elliott et al. 2004, Taylor and Owen 2009).  The benefits of reduced catchment erosion are 

also offset by an increase in the accumulation and runoff of other urban contaminants, such as heavy 

metals and persistent organic contaminants, which are toxic to freshwater and marine biota.  These 

contaminants are washed off roads, paved and unpaved areas, buildings and other surfaces.   

Heavy metals are a ubiquitous component of urban stormwater.  In Auckland, the main metals of 

concern are copper, lead and zinc.  Sediment concentrations of these metals are elevated in most urban 

streams and many of the sheltered estuaries adjoining the Auckland metropolitan area (Diffuse Sources 

Ltd. and Geosyntec Consultants 2006).  Contamination levels tend to be higher in urban streams (c.f. 

harbours and estuaries) because they are the immediate receiving environment for stormwater and 

have very little assimilation capacity.  In general, the physical characteristics of the receiving 

environment have a significant influence on whether stormwater contaminants are diluted and flushed 

from the system.  Relatively small receiving environments with poor flushing characteristics accumulate 

stormwater contaminants.  In contrast, contaminants do not tend to build up in energetic, open 

receiving environments where they are widely dispersed and diluted (e.g. Green 2008a, 2008b). 

In addition to copper, lead and zinc, a range of other metal, non-metallic, microbiological and organic 

(i.e. natural or synthetic carbon based compounds) contaminants may also be present in stormwater 

runoff, and lead to localised contamination.  The type and amount of contaminants present in 

stormwater runoff varies in relation to the activities occurring in the catchment and contaminant 



 

Ecological Impacts from Stormwater in the Auckland region: A literature review   4 
 

management practices
1
.  The range of contaminants includes litter, nutrients, wastewater 

contaminants, fuels, oils, polycyclic aromatic hydrocarbons (PAHs), legacy pesticides (such as DDT, 

lindane, diedrin and chlordane), legacy synthetic compounds (such as PCBs) and newer emerging 

contaminants.   

Although wastewater is not considered in detail in this review, it is a frequent component of urban 

stormwater due to combined sewer overflows, illegal wastewater connections to the stormwater 

system, and exfiltration-infiltration between the two systems.  The effects of wastewater discharges are 

mainly related to human health issues, the accumulation and decomposition of organic matter, the 

toxic and plant-growth enhancing effects of nutrients, gross pollutants, and potentially the effects of 

“newer” contaminants (Ahrens 2008).  Microbiological contaminants (e.g. bacteria and viruses) 

discharged to the environment are a health risk to humans who come into contact with polluted water, 

or who consume fish, shellfish or other food items gathered from polluted areas.  In situations where 

large and/or frequent discharges from the wastewater system occur, bacterial activity associated with 

the breakdown of organic material can lead to anoxia (low oxygen levels), which dramatically affects 

biological systems and geochemical processes.  High nutrient levels can also degrade water quality and 

promote nuisance algal growth, while gross pollutants affect the aesthetic values in the coastal 

environment.   

The effects of stormwater in an urban setting therefore depend on:  

1. the scale and intensity of urban development, 

2. the landuses and activities in adjoining catchments; 

3. physical modifications made to natural aquatic systems to maximise development potential 

and mitigate flooding; 

4. the quantity and quality of the stormwater discharge(s); and, 

5. the physical, chemical and ecological characteristics of the receiving env ironment. 

The purpose of this report is to provide a concise review of available information on the effects of 

stormwater on freshwater and marine ecosystems in the Auckland Region, and to put this information 

into a broader context by referring to the international scientific literature.  The review included 

information from published and publically available scientific papers and reports.  An extremely large 

amount of information, of varying quality and relevance, was identified during the review.  Not al l of 

this has been included in the report, which focuses on the use of scientifically credible information, with 

an emphasis towards the more detailed and/or contemporary sources.  Readers should refer to the 

material referenced in the review to obtain more detailed information on their specific areas of interest.  

                                                            
1
 These may include minimising the use of contaminant generating products, preventing contaminant release and stormwater treatment. 
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Figure 1:  Stream bank erosion in an urban stream (Howick, Auckland). 
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4 Freshwater 
Urban streams are subject to a range of interacting stressors, whose combined effects lead to relatively 

predictable set of habitat and biological responses.  The consistency of these responses in many parts of 

the world, has lead to the term “urban stream syndrome” being used to describe the changes that occur 

(Walsh et al. 2005, Table 1).  These changes include: 

 a flashier hydrograph with shorter durations and higher peaks;  

 elevated concentrations of nutrients and contaminants; 

 altered channel morphology and stability; and, 

 reduced biotic richness, with increased dominance of tolerant species. 

In addition, reduced base flow and increased suspended solids may also occur.  

The effect of urbanisation on stream ecology is commonly summarised by plotting the relationship 

between the proportion of impervious area (fro m a number of catchments) against a metric of instream 

ecological condition.  The shape of these plots varies, but they generally show a reduction in ecological 

condition with increasing imperviousness, and frequently indicate that ecological condition dro ps 

rapidly above a threshold in impervious cover (Walsh et al. 2005, Schueler et al. 2009).  This threshold 

typically occurs between 6 and 20 % total imperviousness (e.g. Klein 1979, Allibone et al. 2001, Walsh et 

al. 2001, Morse et al. 2003, Schueler et al. 2009).  Ecological effects are commonly characterised by a 

decline in community metrics such as the richness and density of sensitive macroinvertebrate taxa (e.g. 

Ephemeroptera, Plecoptera and Trichoptera, i.e. EPT taxa), and an increase in the densitie s of pollution-

tolerant macroinvertebrate taxa (oligochaetes, chironomids, and snails) (Suren and McMurtrie 2005).  

 

Figure 2:  Generalised relationship between the amount of impervious landuse in a catchment (% cover) and stream 

quality (from Schueler et al. 2009). 
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Table 1:  Changes in urban streams associated with “urban stream syndrome” (from Walsh et al. 2005). 

Feature Consistent response Inconsistent response  

   

Hydrology   Frequency of overland flow  Base flow magnitude  

  Frequency of erosive flow   

  Magnitude of high flow   

  Lag time to peak flow   

  Rise and fall of storm hydrograph  

   

Water chemistry   Nutrients (N, P)  Suspended sediments  

  Toxicants   

  Temperature   

   

Channel morphology   Channel width  Sedimentation  

  Pool depth   

  Scour   

  Channel complexity   

   

Organic matter   Retention  Standing stock/inputs  

   

Fishes   Sensitive fishes  Tolerant fishes  

  Fish abundance/biomass  

   

Invertebrates   Tolerant invertebrates   

  Sensitive invertebrates   

   

Algae   Eutrophic diatoms  Algal biomass  

  Oligotrophic diatoms   

   

Ecosystem processes  Nutrient uptake  Leaf breakdown  

   

 

Disentangling the contribution that individual stressors make to the overall ecological impacts is 

difficult, as they all co-occur within the urban environment.  For instance, a typical reach of an urban 

stream may have little or no riparian vegetation (which maintains cool temperatures, reduces 

macrophyte growth and provides woody substrates for fish and invertebrates), be armoured to prevent 

erosion, have little morphological or fluvial heterogeneity, contain physical barriers that constrain the 

movement of stream biota, be subject to high flood flows and low base flows, and recei ve a range of 

contaminants.  In some cases the direct effects of stormwater on individual streams are readily 

apparent (e.g. where streams are physically modified).  However, the overall contribution that 

stormwater, per se, makes to “urban stream syndrome” has not been quantified, though it is thought to 

be a primary driver of the condition (Walsh et al. 2005).   
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4.1 Physical modifications 

Streams are an important component of the urban stormwater drainage network and have a central 

role in flood management.  Many urban streams are modified to maximise urban development-

potential and mitigate flooding.  However, these measures often have a detrimental impact on 

ecological values.  The most significant impact is the complete elimination of stream habitat by the 

straightening (which reduces stream length and decreases habitat heterogeneity) and piping of open 

stream channels.  Ecological functions are also degraded by concrete lining and armouring (which is 

commonly used to reduce erosion), culverts and other structures, and by the loss of riparian vegetation 

(Figure  3).   

Figure 3:  Common physical modifications to urban streams a) piping, b) culverts, c) concrete lining, and d) armouring.  

a. 

 

b. 

 

c. 

 

d. 

 

The amount of in-stream habitat in the Auckland Region that is affected by development, flood 

management or other activities is significant.  For example, in the nine year period between 1999 and 

2008, the ARC consented work to be carried out in approximately 81 km of stream (pers. com. Martin 

Neale, ARC)
2
.   

Many structures used to prevent or mitigate the effects of flooding create physical barriers, which affect 

the geophysical and ecological processes of streams.  Over half (18) of New Zealand’s 35 or so 

indigenous fish species are diadromous and therefore migrate between fresh and salt water during their 

life cycle, mostly as small juveniles (Boubée et al. 1999, Stevenson and Baker 2009).  Similar migrations 

are also made by the shrimp (Paratya curvirostris) (Stevenson and Baker 2009).  Consequently, barriers 

                                                            
2
 This does not include disturbances covered by permitted activities, but may include disturbances of non-urban streams. 
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that prevent these species from moving between stream headwaters and the sea are a significant 

ecological issue.  Obstacles such as perched culverts, weirs and dams are particularly damaging for 

migratory species, but changes to the stream channel can also create flow-velocity or depth barriers 

that also impede fish passage (Rowe et al. 2008).   

Juvenile stages of New Zealand freshwater fish are relatively weak swimmers (c.f. Northern Hemisphere 

species), and are limited in their ability to negotiate strong currents or travel long distances.  This is 

problematic when structures constrict water flow and increase water velocit ies.  Consequently, culvert 

and ford: diameter; barrel velocity; and, fall height (water level in the structure to water level below the 

structure) have a relatively large influence on the movement of fish between the coast and stream 

headwaters (Stevenson and Baker 2009).   

Many New Zealand freshwater fish negotiate high velocity stream sections using intermittent bursts of 

high intensity swimming.  This type of swimming behaviour can only be maintained for short periods, so 

these fish need to rest in low velocity areas between bursts of swimming.  Structures with a uniform 

gradient, roughness and water depth (e.g. pipes, culverts, channelized stream sections) are commonly 

devoid of low-velocity zones, and consequently reduce, or remove, the ability of fish to pass through 

them (Boubée et al. 1999).  The installation of baffles may improve fish passage in such situations by 

creating artificial resting areas (Stevenson and Baker 2009). 

Perched structures, which have their outlet above the natural stream level (arising from poor 

installation practices or through subsequent erosion), often present insurmountable barriers to 

migratory fish (Stevenson and Baker 2009).  However, the ability of fish species to pass perched 

structures depends on the swimming and climbing ability of the species, the life stage of the fish, and 

characteristic of the obstacle.  Some species can leave the water and worm their way through 

vegetation (shortfin and longfin eels) or climb the wetted margins of structures (lamprey, elvers, 

juvenile kokopu, and koaro), allowing them to traverse a variety of obstacles.  Other fish species such as 

inanga, smelt, and juvenile and adult common bullies are less able to negotiate barriers and may be 

prevented from passing. 

Figure 4:  Perched culvert and stormwater pipe which replace open stream habitat and potentially create barriers to fish passage.  
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Changes to the flood frequency and flood hydrograph may also affect stream biota.  Roy et al. (2005) 

found that 30 small streams in Georgia USA, with altered storm flows in summer and autumn, had 

fewer endemic, cosmopolitan and sensitive fish species, and fewer lentic (i.e. still water) tolerant 

species.  Hydrologic variables (i.e. a combination of indices related to water volumes, and the duration 

and frequency of base and storm flows) explained 22 to 66% of the variation in the richness and 

abundance of the fish assemblage. Small, frequent storm events appeared to be particularly influential, 

explaining up to 43% of the variation in the structure of fish assemblages.  Many freshwater 

invertebrates also display preferences for particular flow velocity, substrate and depth regimes (Jowett 

et al. 1991, Quinn and Hickey 1994).  For instance, Jowett et al. (1991) examined the microhabitat 

preferences of 12 New Zealand benthic invertebrates.  Most displayed habitat preferences, and were 

generally more abundant in water less than 0.75 m deep and in gravel or coarser substrates.  No taxa 

showed a clear preference for fine substrate (sand and fine gravel) or deep water.   

Natural streams form a patchwork of meso-habitats, which together, provide the conditions required to 

support a diverse range of species, and species assemblages (Pastuchova et al. 2008, Poole 2002).  The 

complicated morphologies (including meanders, pools, riffles, chutes, falls and runs) and associated 

flow patterns of natural streams are likely to provide a wide variety of habitats that are used by fish and 

invertebrates for attachment, cover, food, and sites for egg laying and pupation.  In contrast, artificial 

channels tend to be straight, physically homogeneous features, which lack the fluvial heterogeneity, 

structural complexity and the variety of substrates required to support diverse freshwater communities 

(Elliot et al. 2004).  Consequently, highly modified stream habitats tend to be biologically depauperate.  

Piping and concrete lining also creates a physical barrier between groundwater and stream beds, and by 

doing so reduces the flow of groundwater into stream systems.  As a result, base flows are often 

reduced in urban streams (although this effect is not always observed (e.g. Davie et al. 2008)).  The 

transitional zone between surface and groundwater in porous stream beds forms a unique ecotone 

called the hyporheic zone.  The hyporheic zone filters water passing through it via the physical 

impediment of silt, biological filtration of nutrients through microbial activity, and chemical 

precipitation of dissolved minerals and metals.  It also contains fungi and microbes that transfer, 

release, and stabilise some nutrient forms.  In many systems, the hyporheic zone contains a unique 

invertebrate fauna with a mix of surface and subsurface species (Boulton et al. 1997, Collier and 

Scarsbrook 2000, Hancock 2002).  It is also thought that it may act as an important refuge for stream 

invertebrates during floods (Collier and Scarsbrook 2000).   

International research indicates that the fauna of the hyporheic zone is not particularly rich, and that 

relatively short food webs and a low diversity of food sources make the organisms living in this ecotone 

particularly sensitive to environmental change (Hancock 2002).  In New Zealand, Boulton et al. (1997) 

found that the hyporheic zone of native forest streams harboured a relatively diverse invertebrate 

fauna.  In these areas it contained taxa common in the surface benthos, and (apparently) obligate 

hyporheic taxa (including ostracods and blind amphipods). In contrast, the hyporheic zones of streams 

surrounded by pasture or exotic pine forest had few individuals and taxa.  The ecology of this zone is 

likely to be even more impacted in urban streams. 



 

Ecological Impacts from Stormwater in the Auckland region: A literature review   11 
 

4.2 Contaminants 

4.2.1 Temperature 

Water temperature is a fundamental environmental variable, which influences the distribution, growth, 

metabolism, behaviour and survivorship of stream biota (Quinn et al. 1994, Richardson et al. 1994).  

New Zealand’s freshwater invertebrates have a l imited tolerance for elevated stream temperatures.  

Quinn et al. (1994) found that lethal temperatures (LT50) for 12 New Zealand invertebrate species 

ranged from 22.6 
o
C for sensitive species, to 32.6°C for tolerant species.  A comparison of these 

tolerances with temperatures recorded at 255 New Zealand streams indicated that thermal stress is 

likely to affect the distribution of sensitive species in many streams, particularly lowland streams where 

temperatures tend to be relatively high.  Freshwater fish tend to be able to tolerate higher 

temperatures than the invertebrate fauna.  The upper lethal temperatures for 12 fish species tested by 

Richardson et al. (1994) ranged from 28.3 
o
C to 39.7 

o
C, while preferred temperatures ranged from 16.1 

o
C to 26.9 

o
C. Overall, the study concluded that most New Zealand fish species are able to survive within 

a relatively broad temperature range. 

In urban settings, stream temperatures are affected by the clearance of riparian vegetation (which 

shades and cools streams) (Parkyn et al. 2001), changes in the geometry of stream beds, changes in the 

low flow regime (LeBlanc et al. 1997) and possibly by the discharge of warm water from detention 

ponds (Maxted et al. 2005), and warm-water runoff from impervious surfaces such as ro ads and paving 

(Van Buren et al. 2000, Janke et al. 2009).  Point discharges of heated effluents may also occur in some 

areas.  It is therefore not surprising that between 2002 and 2006, median temperatures in the urban 

streams monitored by the ARC were significantly higher than temperatures in rural streams
3
.   

Riparian vegetation absorbs short-wave radiation and on cloudless summer days can significantly 

reduce daily maximum water temperatures (Rutherford et al. 2004).  For instance, Quinn et al. (1997) 

found that stream temperatures in rural pasture were 6-7 
o
C higher than in adjacent forests.  Rutherford 

et al. (1997) used modelling to improve their understanding of the effects of riparian shading on stream 

temperatures in a small, rural stream near Hamilton.  They predicted that on a sunny day, the maximum 

stream temperature 560 m below native bush increased by 8 
o
C (from 16

 o
C to 24 

o
C) in the absence of 

shading.  The maximum temperature increased by around 4 
o
C to ca. 20 

o
C with complete canopy cover 

and 50% shading, while 90% shading maintained stream temperatures at similar levels to those in 

native bush.  Modelling of the effects of landuse changes on the temperature of urban streams, 

indicates that shading by riparian vegetation, groundwater discharges, and stream width have the 

greatest influence on urban stream temperature LeBlanc et al. 1996).  Shallow streams are 

particularly sensitive to changes in shade.  In the morning, they heat up faster and over shorter 

distances than deep streams with the same mean velocity (and cool more quickly in the evening), and 

they also attain higher daily maximum and minimum temperatures (Rutherford et al. 2004).   

The strong influence of riparian vegetation on stream temperatures has led to a large amount of 

interest in stream rehabilitation through riparian planting.  The general objectives of most riparian 

planting schemes are to improve channel stability, aquatic habitat, water quality, and both aquatic and 

                                                            
3
 On average, the median temperatures of the urban streams monitored during this period were 1.1 

o
C higher than those of rural streams 

(2 tailed test-t of data from Environmental Research, and Monitoring and Research Group 2008, P = 0.01). 
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terrestrial biodiversity (Parkyn et al. 2003).  However, by itself, the ability of riparian rehabilitation to 

achieve these outcomes may be limited.  For instance, few changes were observed in the composition 

of macroinvertebrate communities in nine rural Waikato streams with rehabilitated riparian buffers, 

although rapid improvements in visual water clarity and channel stability did occur (Parkyn et al. 2003).  

A similar outcome was observed by Suren and McMurtrie (2005), who examined the response of stream 

invertebrates to riparian planting and the restoration of natural channel banks in Christchurch.  Stream 

enhancement resulted in only small changes to the invertebrate community, with subtle shifts in overall 

abundance, species evenness, diversity, and ordination.  The affects of restoring riparian shade on 

freshwater fish are also difficult to predict, as preferences for riparian shade are strongly species -

specific (Leathwick et al. 2009).  Banded kokopu, shortjaw kokopu and koaro are recorded most 

frequently in streams with high levels of riparian shade, whereas lamprey, ammocoetes, shortfin eel, 

and inanga are recorded most frequently in small streams where shade has been reduced by the 

clearance of riparian vegetation.   

Parkyn et al. (2003) concluded that canopy closure, long buffer lengths, and the protection of small 

tributaries and headwaters is probably needed to reduce water temperatures sufficiently for 

invertebrate communities to recover.  Furthermore, even if habitat quality is rehabilitated, the recovery 

of macroinvertebrate communities may require long time scales, particularly if colonising pathways are 

disrupted.  Overall, Parkyn et al. (2001) suggests that that tree planting in riparian areas is beneficial to 

stream habitat, but recommends that planting should begin in headwaters and slowly extend 

downstream to progressively cover the whole stream margin over several decades.  These conclusions 

are supported by modelling, which suggest that the full recovery of light, temperature and wood 

regimes takes years to centuries, depending on stream width and the mode of riparian forest recovery 

(Davies-Colley et al. 2009).   

The effects of riparian vegetation clearance are potentially exacerbated by the discharge of warm 

surface runoff.  Urban areas act as “heat islands”, with temperatures that are signi ficantly higher than 

those in surrounding rural or forested landscapes (Pickett et al. 2001).  The temperature differential 

increases as the proportion of artificial or man-made surfaces increases.  Herb et al. (2007) used a hydro-

thermal runoff model to explore the relationship between rainfall events and the thermal impact of 

surface runoff on cool (20 
o
C) streams in the USA.  Most storm events had little effect, but a few events 

per year had a relatively large influence on stream temperatures, due to large volumes of rainfall at a 

high dew point temperature, or high land surface temperature combined with moderate amounts of 

rainfall.  The study indicated that stormwater thermal pollution is most severe when (1) atmospheric air 

and dew point temperatures are higher than stream temperature, (2) rainfall events are short, intense 

and preceded by full or partial sun, and (3) watersheds have a high percentage of impervious (and in 

particular, paved) surfaces.  Conventional drainage networks, which rapidly convey heated stormwater 

runoff to receiving waters, also compound the problem (Van Buren et al. 2000).   

Increasing concern has also been raised about the additional effects of stormwater treatment and 

detention devices (e.g. ponds and wetlands) on stream temperatures.  Elevated temperatures have 

been recorded in urban stormwater ponds and constructed wetlands in Auckland (Chung 2007), and 

ponds are now ubiquitous throughout urban and rural catchments in the Auckland Region (Maxted et al. 

2005).  There are now estimated to be upward of 4500 ponds in the region, which have a combined 

contributing catchment that encompasses around 9% of the region’s area (Maxted et al. 2005).  Maxted 
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et al. (2005) found that exceedances of temperature and dissolved oxygen criteria occurred more 

frequently, and were more severe below (c.f. above) six small online ponds in rural and forest settings.  

While they did not determine the cause of low dissolved oxygen concentrations, they suggested that it 

may be related to the age of the pond, depth and organic content of the sediments.  However, it should 

also be noted that dissolved oxygen concentrations decrease as temperature increases, so elevated 

temperatures would have contributed to the low dissolved oxygen concentrations that they recorded.   

The ponds in the rural catchments caused mean, daily, summer stream temperatures to increase by 3.1 

to 6.6°C (Maxted et al. 2005).  These increases were three times higher than those recorded in bush 

catchments (0.8–2.0°C).  However, other studies have found that ponds did not affect stream 

temperatures (Ham et al. 2006), which suggests that the influence of ponds is likely to vary in relation to 

the pond and stream characteristics, and local meteorological conditions.   

Stream temperatures are also sensitive to groundwater inputs, so any activity that compromises base 

flows can affect temperature (LeBlanc et al. 1997).  The effects of urbanisation on groundwater 

discharges (and hence base flow) are highly variable, and among other things, depen d on the extent of 

impervious surfaces, methods used during development (e.g. degree of soil compaction) and changes in 

landuse patterns.  Consequently, the temperature effects of groundwater intrusion are also likely to 

vary from site to site. 

4.2.2 Chemical toxicants 

Urban streams are the immediate receiving environment for chemical contaminants that are washed 

off the land, or discharged directly into them (Taylor and Owens 2009).  Consequently, concentrations 

of stormwater contaminants are elevated in the sediments (bed and suspended) and waters of streams, 

in many urban areas (e.g. see Grittiths and Timperley 2005, Bibby and Webster-Brown 2005, Depree 

and Ahrens 2007, Ahrens 2008, Diffuse Sources Ltd. and Geosyntec Consults 2006 ).  The range of 

contaminants found in Auckland’s urban streams include heavy metals, natural and synthetic organic 

compounds, and nutrients.   

Internationally, the toxic effects of many urban contaminants on stream biota have been reasonably 

well studied (e.g. see ANZECC 2000).  However, information obtained from the Auckland Region, or 

other New Zealand locations, is relatively limited.  Hickey and Clements (1998) conducted laboratory 

toxicity tests on the cladoceran Daphnia magna and the mayfly Deleatidium sp, and in-stream 

biomonitoring to determine the impact of three metal-polluted (cadmium, copper, lead and zinc) 

catchments in the Coromandel Peninsula on stream biota (note that although these sites were not 

within an urban setting the metals studied were common urban stormwater con taminants).  Sites with 

the highest metal concentrations in water and periphyton had the greatest toxicity and most impaired 

benthic communities.  These sites had reduced abundances of mayflies and were dominated by net-

spinning caddisflies (Hydropsychidae), orthoclad chironomids, and other dipterans.  Hickey and 

Clements (1998) noted that this response was very similar to those reported for metal polluted steams 

in North America and Europe, and went on to recommend that abundance of mayflies, species richness 

of mayflies, number of EPT taxa (i.e. the number of taxa in the orders Ephemeroptera, Plecoptera, and 

Trichoptera), and total taxonomic richness are the most useful indicators of heavy metal  pollution in 

New Zealand streams.   
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All aquatic invertebrates accumulate trace metals in their tissues, but the body concentrations of metals 

vary enormously depending on the metal and invertebrate taxa concerned.  Consequently, trace metal 

body concentrations that are abnormally high for one species may be low for another.  Aquatic 

invertebrates take up trace metals, either directly from their surrounding water or indirectly via their 

food.  The contribution from each uptake route varies with invertebrate type and the relative 

bioavailabilities of metals in the surrounding water and their diet (Rainbow 2002).  Biofilms are an 

important food source for a variety of stream invertebrates, and are composed of a mixture of bacteria, 

algae, fungi and a number of macro and micro fauna bound together and attached to the substrate by 

secreted substances.  In urban streams, biofilms are enriched with metals relative to surrounding waters 

and sediments, and have metal concentrations that reflect the degree of site contamination 

(Cunningham 2009).  The accumulation of cadmium, copper, lead and zinc in Auckland biofilms appears 

to be mainly associated with the uptake of these metals from contaminated sediments.  Studies 

conducted in Christchurch streams suggest that metal-contaminated biofilms provide a pathway for the 

uptake of contaminants, and may have a significant role in depletion of sensitive macroinvertebrates 

(Suren and Elliot 2004).  However, Cunningham (2009) found that other pathways are also important 

for the freshwater snail Potamopyrgus antipodarum .  This species primarily accumulated lead through 

sediment, copper through bioaccumulation and shell adsorption, and cadmium and zinc through shell 

adsorption.   

Once absorbed, the fate of trace metals depends on the physiology of the invertebrate .  It may be used 

for essential metabolic purposes, excreted, stored in the body in a detoxified state, or it may exert a 

toxic effect.  A certain amount of each essential metal is required to meet metabolic needs.  However, 

the further accumulation of essential trace metals in metabolically available forms has the potential to 

be toxic, and therefore excess metals must be excreted and/or detoxified.  Non-essential metals (like 

cadmium, lead and mercury) with no metabolic function are generally toxic and need to be quickly 

detoxified or excreted (Rainbow 2002).   

Detoxification often involves binding metals to proteins such as metallothioneins or to insoluble 

metaliferous granules, that have a high affinity for metals and “lock” them in a detoxified state.  Very 

high concentrations of detoxified metals may be stored without apparent harm in some invertebrates.  

Consequently, toxicity is not a function of total body-metal concentration.  Rather, toxicity occurs when 

the rate of metal uptake exceeds the combined rate of excretion and detoxification of metabolically 

available metals.  Increasing the bioavailability of a trace metals causes an increase in its uptake rate 

relative to excretion and detoxification, and hence its potential toxicity (Rainbow 2002).   

The contaminants of most concern in the Auckland Region are the metals copper, lead, zinc and 

polycyclic aromatic hydrocarbons (PAHs).  Metal sensitivity varies widely amongst New Zealand 

freshwater species, and for most metals, some (but not necessarily all) macroinvertebrates tend t o be 

more sensitive than native fish species (Hickey 2000).   

Copper is widely used in the manufacture of alloys with zinc, nickel and tin, in metal plating and in the 

production of copper wire and piping. Copper compounds are used in a range of industrial applications: 

copper nitrate in plating and textile dyeing processes; copper chloride in the manufacture of glass and 

ceramics and as a catalyst in the production of vinyl chloride.  Copper compounds are also used as 

fungicides, in the manufacture of wood preserving agents, rayon and paint pigments.  Increasingly, 

copper is also being used as a decorative cladding material (Beasley and Kneale 2002).   
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In freshwater habitats copper can exist in the dissolved form as the cupric ion, or complexed with 

inorganic ions or organic ligands such as carbonates, chlorides, humic and fulvic acids, or adsorbed to 

suspended sediment or particulate matter (Beasley and Kneale 2002).  Copper is an essential nutrient 

that is naturally present in humans and animals.  Goodyear and McNeill (1999) found that freshwater 

macro-invertebrates from scraper-grazer, collector-gatherer, and predator feeding guilds 

bioaccumulate copper from both particulate and soluble sources.  Body burdens increased as sediment 

and water concentrations increased, but varied among the feeding guilds, such that scraper-grazers had 

higher body burdens than collector-gatherers, which had higher body burdens than predators.   

In general, copper toxicity in algae, invertebrates and fish increases as salinity decreases.  Conversely, 

the uptake and toxicity of copper in freshwater organisms generally decreases as water hardness and 

alkalinity increase, although some exceptions to this pattern have been found (ANZECC 2000).  

Similarly, most studies have shown that natural dissolved organic matter (DOM) reduces the uptake 

and toxicity of copper in freshwater organisms, but some have shown the opposite effect under certain 

conditions (ANZEEC 2000).   

The ANZEEC (2000) water quality guidelines provide a high reliability trigger value for copper in 

freshwater of 1.4 ìg/L, which was derived using the statistical distribution method with 95% protection  

(i.e. nominal concentration were 95% of species are protected) . This applies to waters of hardness of 30 

mg/L as CaCO3.  Median concentrations of copper in all of the urban streams monitored by the ARC 

exceed ANZECC water quality guideline concentrations, but water hardness is not monitored 

(Environmental Research, and Monitoring and Research Group 2007).  

Anthropogenic sources of lead to the environment outweigh all natural sources (ANZEEC 2000).  

Historically, the most significant source of lead in the urban environment was related to its use as an 

antiknock additive in petrol.  In New Zealand, this use was phased out in 1996, and lead levels now 

appear to have stabilised or be declining in Auckland’s urban receiving environments (Kelly 2007b).  

Lead reaches the aquatic environment through precipitation, fall-out of lead dust, street runoff and 

industrial and municipal wastewater discharges.  In waters lead can occur as a free metal ion (Pb
2+

), in 

inorganic complexes, organic complexes, adsorbed to inorganic or organic colloids or particles , and 

possibly as lead carbonate (Hart 1982).  The uptake and toxicity of lead has been shown to be 

exponentially and inversely related to water hardness, and is generally believed to be enhanced at low 

pH (<6) (ANZEEC 2000).  The ANZEEC (2000) water quality guidelines provide a high reliability 

freshwater trigger value for lead of 3.4 ìg/L, which applies to waters of low hardness (30 mg/L as 

CaCO3).  Median concentrations of lead in most of the urban streams monitored by the ARC exceed the 

guideline for lead, but data is not available on water hardness (Environmental Research, and Monitoring 

and Research Group 2007). 

The largest uses of zinc are in galvanizing iron and steel products, brass products and zinc-based alloys. 

It is also used in synthetic rubber, paints, cosmetics, ceramics, manufacturing and dyeing of textiles, 

wood preserves and the purification of fats (Beasley and Kneale 2002).  In natural waters zinc occurs as a 

simple ion (Zn
2+

), in inorganic complexes, organic complexes, and adsorbed to inorganic or organic 

colloids or particles.  The Zn
2+

 form of zinc is generally considered to be responsible for eliciting toxic 

responses in aquatic organisms.  Inorganic and organic complexes reduce the uptake and toxicity of zinc 

by reducing the concentration of this form (ANZECC 2000).  Zinc is essential for certain biological 

functions in minute quantities, but it is highly toxic beyond these requirements (Beasley and Kneale 
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2002).  An exponential, inverse relationship has been shown to exist between water hardness and the  

uptake and toxicity of zinc (ANZEEC 2000).  Zinc toxicity generally decreases with decreasing pH below 

pH 8, but conflicting results have been reported for zinc toxicity at higher pH (8 to 9).  The ANZEEC 

(2000) water quality guidelines provide a freshwater high reliability trigger value of 8 ìg/L zinc, at a 

hardness of 30 mg/L of CaCO3.  Median concentrations of zinc in all of the urban streams monitored by 

the ARC exceed the ANZEEC (2000) guideline, but data is not available on water hardness 

(Environmental Research, and Monitoring and Research Group 2007).  

PAHs are a diverse group of persistent organic compounds that enter marine and freshwater systems 

through the diagenetic transformation of plant material, seepages or spills of crude oil and refinery 

products, or by incomplete combustion or distillation processes (Depree and Ahrens 2007).  They have a 

low solubility in water and preferentially concentrate on organic and sediment particles or accumulate 

in the lipid rich tissues of organisms.  PAHs are known to be carcinogenic in humans and other animals 

(particularly benzo(a)pyrene, benzo(a)anthracene and chrysene), and can also induce narcosis, 

photoactivated toxicity and disrupt endocrine processes (Beasley and Kneale 2002, Depree and Ahrens 

2007).  PAH concentrations are commonly elevated in urban stream sediments, including those in the 

Auckland Region.  Sediment concentrations of 350-31300 ng/g were obtained from 16 streams in 

Auckland City, of which, 8 sites exceeded the ANZEEC (2000) sediment quality guideline low trigger 

values (4000 ng/g) (Depree and Ahrens 2007).    

Although the copper, lead, zinc and PAHs are the contaminants of most concern, a wide range of other 

chemical contaminants also enter urban streams (e.g. Ahrens 2008, Celiz  et al. 2009).  The combined 

effects of all these contaminants are likely to reduce the ecosystem values of urban streams.  

Cumulative effects have been demonstrated in artificial stream microcosm experiments using multiple 

species exposed to contaminant mixtures, and by using multivariate statistical modelling of 

contaminant and ecological data.  Many of these studies have demonstrated the sensitivity of 

Ephemeroptera to elevated concentrations of metals, and the tolerance of Chironimidae.  In general, 

they indicate that there is a tolerance continuum among freshwater invertebrates , which typically 

grades from Chironomids > Trichoptera > Plecoptera > Ephemeroptera (Beasley and Kneale 2002).   

The information generated from invertebrate sampling is often complex so it is typically summarised 

into an index. In New Zealand, the Macroinvertebrate Community Index (MCI) is used. Essentially, the 

MCI assigns a score to each invertebrate found at a sampling site, based on its sensitivity to 

environmental conditions. The 2010 Auckland State of the Environment (Environmental Research, 

Monitoring and Research Group, 2010) reported a wide range in average MCI scores, indicating a large 

variation in ecological quality at the monitoring sites. Sixteen sites (31 %) were classified as excellent on 

the basis of their average MCI score, 13 (25 %) sites as Good, 14 (27 %) as Fair and 9 (17 %) as Poor. 

There was a strong relationship between the ecological quality of a river measured using invertebrates 

and the type of land cover in the surrounding catchment. Rivers with intensive (urban and rural) land 

cover were associated with lower ecological quality (as measured with MCI scores) than those with 

forested catchments. Overall, urban rivers had the lowest ecological quality, which can in part be 

attributed to stormwater impacts. 
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4.2.3 Sediment 

Many streams in the Auckland Region periodically experience high sediment loads.  Consequently, 

sediment has the potential to affect the biota of Auckland streams.  A number of New Zealand’s 

freshwater fish are largely unaffected by sublethal, turbidity levels (Rowe et al. 2002).  However, 

relatively low turbidity levels of > 25 NTU (Nephelometric Turbidity Units) appear to cause juvenile, 

migratory banded kokopu (Galaxias fasciatus) to reduce feeding rates, reduce upstream migration 

rates, and increase their avoidance reaction (Boubée et al. 1997, Rowe and Dean 1998, Richardson et al. 

2001, Rowe et al. 2002).  In laboratory tests, koaro (Galaxias brevipinnis) and inanga (Galaxias 

maculatus) also displayed avoidance responses to silt, while smelt (Retropinna retropinna), inanga, and 

common bullies (Gobiomorphus cotidianus) reduced their feeding rates.  However, all of the latter 

species were less sensitive than banded kokopu (Boubée et al. 1997, Rowe and Dean 1998).  Shortfinned 

and longfinned elvers (Anguilla australis and A. dieffenbachii), and red finned bullies (Gobiomorphus 

huttoni) showed no avoidance behaviour, even at turbidities of 1100 NTU (Boubée et al. 1997). 

Toxicity tests have also been carried out to determine how sediment affects the short term survival of 

four fish species that commonly occur in Auckland streams: banded kokopu, redfin bullies, smelt, and 

inanga (Rowe et al. 2002).  These species were selected for testing because they are less abundant in 

turbid than clear rivers, and were therefore thought to be more sensitive to the effects of suspended 

sediment.  Repeated exposure of smelt to nominal, sediment-induced turbidity levels of 1000 NTU (4 

hours every 2-3 days over 22 days), did not cause any mortality.  However, in 24 hour exposure tests, 

smelt and inanga survival declined above turbidity levels of 1000 NTU, while nearly all redfin bullies and 

banded kokopu survived at turbidity levels of up to 40000 NTU.  Above 1000 NTU, smelt and inanga 

survival was highly variable, with estimated turbidity levels of 3050 and 20235 causing 50% mortality 

(i.e. LC50s) in smelt and inanga respectively (Table 2).  Turbidity levels exceeding 1000 NTU are rare in 

Auckland streams, so it is very unlikely that banded kokopu, redfin bullies or inanga are adversely 

affected by high stream turbidity in the region.  However, smelt are more sensitive to sediment and 

could be affected (Rowe et al. 2002).   

Similar toxicity testing was also carried out on the freshwater crayfish Paranephrops, and five sensitive 

freshwater insects from the Auckland Region, including: two caddisflies (Polyplectropus and 

Triplectides), the damsel fly (Xanthocnemis), and two mayflies (Zephlebia and Deleatidium) (Rowe et al. 

2002).  All five species were tolerant of high sediment-induced turbidity levels.  In 24 hour exposure 

tests with treatments of 0, 4000, 12000, and 18300 NTU, survival rates for the five insects were high 

(>87%) and there were no significant differences in the survival rates of any insect tested.  Similarly, all 

of the freshwater crayfish survived exposure to 21,300 NTU for 24 hours.  Rowe et al. (2002) therefore 

concluded that the short term survival of these species will not be affected at 20,000 NTU or less.  

The accumulation of fine sediment on stream beds may also reduce the abundance and diversity of 

invertebrates by increasing drift, smothering and abrasion, of them and their periphyton food supply.  

However, responses vary among invertebrate species and invertebrate communities.  For instance, 

invertebrate communities associated with pasture streams seem to be more tolerate on fine sediment 

than communities in forest settings, presumably because sensitive species have already been lost 

(Death 2000). 
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Table 2:  Median lethal turbidity levels (LC50s) obtained from 24 hour exposures to suspensions of clay (from Rowe et al. 2002).  

LC50 estimates for smelt and inanga were derived using ToxcalcTN analysis software. 

Species LC50 -95% CL +95% CL 

Smelt (fish) 3,050 2761 3371 

Inanga (fish) 20,235 18590 22028 

Red fin bully (fish) >40,000 - - 

Banded kokopu (fish) >40,000 - - 

Polyplectropus (caddisfly)  >18,300 - - 

Triplectides (caddisfly) >18,300 - - 

Xanthocnemis (damsel fly) >18,300 - - 

Zephlebia (mayfly) >18,300 - - 

Deleatidium  (mayfly) >18,300 - - 

Paranephrops (crayfish) >21,300 - - 

4.2.4 Wastewater, nutrients and other organic material  

Urban wastewater systems are inherently leaky due to overflows and seepage, and as a consequence , 

nutrients, wastewater solids, and other contaminants frequently enter the urban stormwater system 

and groundwater.  The potential combination of high nutrient loads and limited riparian shading could 

create conditions that cause excessive primary production, which in turn, could: reduce dissolved 

oxygen levels; increase diurnal fluctuations in oxygen; and in extreme cases cause benthic anoxia.  

However, few problems of this kind have been reported in New Zealand urban streams (Suren 2000).  

Usually, problems caused by high nutrient or organic loadings, are du e to the large and direct inputs of 

untreated wastewater, rather than stormwater per se.  

In contrast, concern is increasing about nutrient runoff from rural catchments, particularly in relation to 

the growing intensity of dairy farming (e.g. Parfitt et al 2008, McDowell and Wilcock 2008).  On a 

national scale, the Auckland region is not a major dairy area, however, other agricultural practi ces 

(livestock and intensive cropping) also contribute to nutrient generation ; livestock access to streams is 

believed to be an issue. Significant, national-scale increasing trends in total nitrogen, oxidised nitrogen 

(NOx-N), dissolved reactive phosphorus, and total phosphorus where detected at national river water 

quality network sites between 1989 and 2007 (Ballantine and Davies-Colley 2009); this can be largely 

attributed to rural land use.  A recent examination of data from 1100 New Zealand stream and river sites 

monitored by regional councils and unitary authorities between 1996 and 2007, also found that the 

frequency of sites exceeding ANZECC (2000) water quality guidelines for dissolved inorganic nitrogen, 

total nitrogen, dissolved reactive phosphorous and total phosphorous varied from 0% to 100% 

depending on the parameter and region (McDowell et al. 2009).  The criteria for dissolved reactive 

phosphorous and total phosphorous were exceeded at all of the stream sites monitored in the Auckland 

Region, while those for dissolved inorganic nitrogen, total nitrogen were exceeded in 56% and 70% of 

respectively.  Despite this, only 22 sites, nationally, were estimated to have nitrogen and phosphorous 

in the concentration, form and ratio required to promote the growth of periphyton biomass that 

exceeded the guideline for the protection of benthic biodiversity values (none of these sites were in the 

Auckland Region).  Of these, seven sites were predicted to be phosphorous limited, four sites were 

predicted to be nitrogen limited, and 11 sites were predicted to be co-limited.   
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McDowell et al. (2009) concluded that dairy-related nitrogen loads are likely to continue rising as the 

intensity of farming increases.  They suggested that strategies to decrease nitrogen losses should 

always be practised, but management initiatives which targeted phosphorous loads (and therefore 

promoted phosphorous limitation) may be an easier and more cost effective to implement. Improved 

agricultural practices, such as riparian planting and stock exclusion from streams, would render 

significant benefits, whilst management of urban stormwater for nutrient removal would have a limited 

positive effect on streams;  
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5 Marine 
The ecological effects of stormwater in the coastal environment vary depending on the quantity and 

quality of the stormwater discharge(s), and the physical, chemical and ecological charact eristics of the 

receiving environment.  The physical characteristics of the receiving environment have a significant 

influence on whether stormwater contaminants are diluted and flushed from the system.  Relatively 

small receiving environments with poor flushing characteristics, such as tidal creeks and enclosed 

estuaries, tend to accumulate stormwater contaminants.  In contrast, contaminants do not tend to 

accumulate in energetic, open receiving environments because they are widely dispersed and diluted 

(Green 2008a, 2008b).   

The ecology of natural marine systems is closely linked to geophysical and associated chemical 

characteristics.  Important chemical processes include (but are not limited to) nutrient cycling, sediment 

geochemistry and salinity.  The geophysical properties that affect ecological characteristics are much 

broader than those related to flushing.  They include: habitat structure (e.g. reef, mud, sand etc.); scale 

(i.e. the size of the system or habitat); geography (e.g. location in relatio n to other habitats, latitude, 

east or west coast etc.); geomorphology (e.g. estuary size and shape); exposure; climate, currents; and, 

depth.  Within the constraints imposed by the physical and chemical properties of a site, the actual 

occurrence and make-up of marine communities is determined by ecological processes.  These may 

include ecological competition, trophic interactions, behaviour, disease, adult mobility, larval dispersal 

and other life history characteristics.   

Auckland has an extremely wide variety of marine habitats, ranging from: very sheltered tidal inlets; 

small protected estuaries; large, predominantly intertidal harbours; and, open coastal areas which vary 

from sheltered to very exposed conditions.  Habitat diversity is further enhanced by gradients in depth, 

tidal currents, water chemistry, and variation in the substrates and biological features.  These features 

vary at microscopic to geographic scales.  Typically, individual species (and life stages) are only able to 

live within a relatively narrow range of environmental conditions, and in many cases their requirements 

are quite specific (e.g. see Ellis et al. 2006).  For estuarine species these requirements may include 

tolerance limits in relation to tidal height (or depth), proximity to channel margins, availability of hard 

substrates (or the ability to burrow to specific depths in soft substrates), salinity, pore water 

characteristics, sediment texture, turbidity and sediment deposition.  The ability of a particular species 

to continue colonising and surviving in a particular area is likely to depend on the persistence of suitable 

habitat conditions.  Stormwater commonly carries contaminants which alter the physical and chemical 

characteristics of marine habitats.  Ecological communities respond by losing species that cannot 

tolerate the changes, and retaining or gaining species which are more tolerant of (or actually prefer) the 

new (albeit degraded) environmental conditions, and who may also benefit from the loss of sensitive 

species.  Indirect ecological effects can also occur if sedimentation induced changes to one species or 

community affects another species or community (e.g. mangrove expansion leads to the loss of mud -

flat or sand-flat habitat). 

The main physical and chemical parameters affected by stormwater in an urban setting are related to 

the discharge of litter, sediment and diffuse chemical contaminants.  The ecological effects of these 

contaminants are considered below. 
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5.1 Litter 

Artificial litter is prevalent in urban stormwater, with plastics estimated to comprise 60-80% of all 

marine litter and contributing up to 90–95% of litter in some areas (Moore 2008).  The ubiquity and 

volume of plastics, and their persistence in the marine environment makes them particularly 

problematic.  Moore (2008) identifies eight issues related to plastics in the marine environment: 

1. Plastic trash fouls beaches, reducing aesthetic values and creating a public health hazard.  

2. Plastic entangles marine life and kills by drowning, strangulation, creatin g drag and reducing 

feeding efficiency.  

3. Plastics that resemble natural food items are often ingested.   

4. Plastic pellets and fragments are sources and sinks for xenoestrogens and persistent organic 

pollutants (POPs) in marine and aquatic environments.  

5. Plastics provide an effective vector for the dispersal of invasive species.  

6. Plastics that sink to the sea floor have the potential to inhibit gas exchange and interfere with, 

or smother, the inhabitants of the sediments.  

7. Plastic litter can degrade nursery habitats.  

8. Plastic litter fouls vessel intake ports, keels and propellers, putting crews at risk.  

Once in the ocean, winds either force floating debris back to the shore or carry debris offshore toward 

major ocean currents, where it becomes entrained.  In the deep ocean, high pressure gyres tend to 

concentrate the debris, while low-pressure systems tend to disperse it.   

Plastics become brittle when exposed to UVB radiation in sunlight, the oxidative properties of the 

atmosphere and the hydrolytic properties of seawater, and fragment into smaller and smaller pieces.  

The time needed to completely mineralize or biodegrade marine plastics is not known, but it is likely to 

be in the order of hundreds to thousands of years (Barnes et al. 2009).  Due to their ubiquity, quantity 

and persistence, small plastic fragments are now widespread in the oceanic and sedimentary habitats, 

including New Zealand beaches.  Gregory (1977) found that plastic pellet abundance was highly variable 

on beaches in New Zealand, but it tended to be greatest close to major urban centres.  However, 

relatively large pellet numbers were also found on remote beaches such as Ninety Mile Beach, Black 

Head and Te Waewae.  Gregory (1977) predicted that the quantities of plastic pellets would continually 

increase in the marine environment: a forecast that has been borne out around the world (e.g. 

Thompson et al. 2007).  For instance, in neuston trawls carried out in the Central North Pacific Gyre, six 

kilos of plastic fragments were obtained for every kilo of zooplankton (Moore et al. 2001).   

Over 260 species, including invertebrates, turtles, fish, seabirds and mammals, have been reported to 

ingest or become entangled in plastic debris, resulting in impaired movement and feeding, reduced 

reproductive output, lacerations, ulcers and death (Gregory 2009).  There has been a large amount of 

material published on the occurrence and effects of plastic ingestion by marine vertebrates.   For 

example, prions (seabirds) retrieve very small prey from the sea's surface, and can mistakenly collect 

plastic pellets floating on the water.  Plastics weaken and may kill seabirds through starvation and false 

feelings of satiation, irritation of the stomach lining, and failure to put on fat stores necessary for 
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migration and reproduction.  In New Zealand, Harper and Fowler (1987) found that there was an 

increasing trend in the number of plastic pellets in the gizzards of five prion species washed up dead on 

Wellington Beaches between 1958 and 1977.  There was also an inverse relationship between the 

number of pellets found and the body weight of birds.  For the fairy Prion and Salvin's Prion, the trend 

was highly significant.  Less information is available on the ingestion of small plastic fragments by 

invertebrates, but available information suggests that ingestion rates could be high.  For example, 

Graham and Thompson (2009) found that sea cucumbers selectively ingested plastic.  In laboratory 

experiments, between 2 and 20 fold more PVC fragments were ingested than sand grains and between 

2 and 138 fold more nylon line fragments were ingested.   

Plastics also provide pathways for the uptake of toxic organic contaminants by wildlife.  A range of 

chemicals are used as additives in the manufacture of plastics and some of these, such as phthalate 

plasticizers and brominated flame retardants, are potentially harmful and have been associated with 

carcinogenic and endocrine disrupting effects (Teuten et al. 2009).  In seawater, plastics also sorb and 

concentrate other contaminants such as polychlorinated biphenyls (PCBs), 

dichlorodiphenyldichloroethylene (DDE), nonylphenol and phenanthrene.  These can become several 

orders of magnitude more concentrated on the surface of plastic debris than in the surrounding 

seawater (Barnes et al. 2009, also see Rios 2007).  Microscopic plastic fragments pose a greater risk than 

large plastic items because their larger surface area to volume ratio increases contaminant sorption 

capacity. 

The potential for drifting plastics to act as vectors for the dispersal of invasive species is also well 

recognised.  Over 150 marine species have been recorded on plastic debris stranded on the shores of 

northern New Zealand, or colonising experimentally moored plastic bottles (Gregory 2009, citing 

unpublished data of L. M. Stevens 1992).  The biota found on beached debris are strongly biased 

towards taxa with hard and resistant parts, while soft fleshy biota are important on drifting items in 

open waters.  A suite of well-known northern New Zealand marine biota has been recorded on plastics 

drifting in the open ocean, including brown and filamentous algae, hydroids, ascidians, sea anemones 

and sponges as well as motile organisms including crabs, amphipods, isopods, errant polychaetes, 

gastropods, limpets, chitons, echinoderms, sea slugs and sea cucumbers (Gregory 2009 citing Winston 

et al. 1997 and Stevens et al. in preparation).  Consequently, plastics can introduce non-native species to 

New Zealand, and act as a vector for the transport of New Zealand species to ot her countries. 

5.2 Sediment 

Sediment is a major marine contaminant that degrades coastal habitats and is harmful to many marine 

organisms (Airoldi 2003, Thrush et al. 2004).  In northern New Zealand, the most obvious long term 

impacts of sedimentation in the coastal environment are the infilling and “muddying” of estuaries, and 

the associated expansion of mangroves.  Sheltered upper estuary areas are particularly susceptible to 

sedimentation and mangrove expansion, but this process can also occur in large, expo sed waterways 

such as southern parts of the Firth of Thames (Swales et al. 2007). 

Over the past 50 or so years, mangrove cover has increased substantially in northern New Zealand (e.g. 

Figure 5 and Table3, and also see Morrisey et al. 2007).  Mangroves have a preference for soft, muddy, 

waterlogged sediments, and readily colonise areas where gradual sediment accretion creates habitat 
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with suitable sediment characteristics and elevation.  The level of the substratum must be sufficient to 

expose seedlings to the air for part of the tidal cycle, because very young seedlings are intolerant of 

continuous submersion (Morrisey et al. 2007).  The expansion of mangroves is therefore a natural 

response to the increase in land erosion and sediment runoff caused by human activities.  However, 

other factors such as warmer temperatures, elevated nutrient levels and in some cases, hydrological 

obstructions (e.g. causeways) may also enhance mangrove growth and survival (Craggs et al. 2001, 

Morrisey et al. 2007). 

The expansion of mangroves invariably leads to the loss of other habitats and ecological functions.  

Conversely, mangrove forests provide habitat for a range of species.  The ecological changes associated 

with mangrove expansion include (from Morrisey et al. 2007): 

 The loss of open sand and mud habitat, and associated changes in benthic communities.  The 

diversity and abundance of animals living in sediments usually decreases as mangroves colonise 

mudflats and the stands mature. 

 The loss of roosting habitat for birds that require open sand and mudflats.  For instance, dense 

stands of mangroves spreading into the Firth of Thames have reduced the extent of roosting areas 

used by a variety of waders.  Displacement has been particularly noticeable for wrybills 

(Anarhynchus frontalis), golden plovers (Pluvialis fulva), red knots (Calidris canutus) and whimbrels 

(Numenius phaeopus).  However, mangrove expansion increases available habitat for birds that feed, 

roost or breed within them. 

 A potential reduction in the overall quality of fish habitat.  Mangrove forests in northern New 

Zealand support high abundances of small fishes, but species diversity is  low compared to other 

estuarine habitats.  In general, the fish found in mangrove forests tend to be small and of little 

commercial value (with the exception of grey mullet, eels, and yellow-belly flounder).  However, 

mangroves can probably be viewed as effective juvenile habitat for short-finned eels and parore, 

and nursery habitat for grey mullet. 

 The provision of habitat for a number of terrestrial invertebrates and reptiles.  This includes an 

eriophyid mite, Aceria avicenniae and the larvae of the moth Planotortrix avicenniae which are 

restricted to mangroves.  Pacific and forest geckos (Hoplodactylus pacificus and H. granulatus) are 

also common in northern mangrove forests. 
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Figure 5:  Change in mangrove cover in six Auckland estuaries (from Morrisey et al. 1999).  Cover is expressed as a percentage of  

the total area covered by mangrove forest in the most recent survey. 
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Table 3:  Estimated area covered by mangroves in 2006 and 1976 (Henriques 1977).  2006 areas were estimated from GIS shapes 

obtained from aerial photographs provided by the ARC. 

Locality 2006 Mangrove Area 

(Ha) 

1976 Mangrove Area 

(Ha) 

Pahurehure 272 113 

Puhinui 40 30 

Pukaki 136 88 

Mangere Inlet 97 9 

Clarks Creek 113 52 

Waiuku Creek (including Taihiki) 274 60 

Awhitu Peninsula (north of Clarks Beach) 91 41 

Big and Little Muddy Creeks 57 50 

Other 20 4 

Total 1100 447 

 

Deforestation in the last 150 years, agricultural land use, and rapid urbanisation in the last 50 years, has 

profoundly affected natural estuary aging processes in the Auckland Region.  Today, sedimentation 

rates in Auckland’s estuaries are up to an order of magnitude higher than they were when the 

surrounding catchments had their original forest cover (Swales et al. 2002a), and finer sediments are 

also common in surface layers of the seabed.  Swales et al. (2002b) found an abrupt increase in the mud 

(3.9 µm to 62.5 µm) content of sediments in the upper reach of Pakuranga Creek and related this to the 

onset of urban development.  Changes in sediment grain size have consequential effects on porosity, 

stability, biogeochemical fluxes, rates of faunal movement and bioturbation (Norkko et al. 2002).  Most 

benthic organisms have a preference for particular sediment textures, so a shift toward finer sediments 
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leads to a corresponding shift towards communities adapted to living in th ose sediments (Thrush et al. 

2003b, Gibbs and Hewitt 2004, Ellis et al. 2006, Cummings 2007).  However, changes in sediment 

texture cannot always be connected to specific catchment activities or events.  For instance, Swales et 

al. (2002a) found no evidence linking an increase in the mud content of surface sediments in eight of 

Auckland’s estuaries/embayments to any particular catchment activity.  

A significant amount of research has been done on the effects of episodic terrestrial sediment deposits 

on soft-bottom coastal systems in New Zealand.  Thick, catastrophic deposits of sediment (>2 cm) 

usually kill almost all bottom-dwelling organisms (Norkko et al. 2002, Cummings et al. 2003, Thrush et 

al. 2003a).  Norkko et al. (2002) found that macrofaunal abundance decreased markedly within a day of 

experimental deposits of 3 - 9 cm in a sheltered Okura Estuary site.  Within 10 days, the number of taxa 

in the experimental plots had been reduced by 82 to 98%, and the number of individuals by 92 to 98%. 

By 32 days, the treatments contained 0 to 6% of the taxa, and 0 to 3% of the individuals found in control 

plots.  Similar short-term responses also occurred at an exposed Okura site. Large pulses of sediment 

entrained in stormwater from developed urban catchments are infrequent, although runoff from 

poorly-managed earthworks has the potential to result significant deposits of sediment in relatively 

short timeframes. 

Recovery is slow after catastrophic deposits occur, with macrofaunal recovery tending to lag behind the 

recovery of the chemical and geotechnical properties of sediment (although recovery rates vary among 

sites) (Norkko et al. 2002, Thrush et al. 2003a).  For example, at the sheltered Okura site, there were still 

80% fewer individuals in the top 2 cm layer of deposited sediments compared to control sediments 

after 408 days, in 3 cm thick experimental plots (Norkko et al. 2002).  Taxa recovery was slightly faster, 

with 30% fewer taxa present in the 3 cm deep sediment plot compared to the control plot after 408 

days.  Sediment recovery primarily occurred through episodic wind-wave disturbance (which 

transported and mixed sediments and macrofauna as bedload), and the burrowing activity of mud 

crabs, Helice crassa (which mix surface deposits with underlying sediments) (Norkko et al. 2002).  Mud 

crabs were the only species observed to migrate to the surface of sediment deposits  and their 

subsequent colonisation was a dominant feature of recovery.  Accordingly, Thrush et al. (2003a) 

suggested that terrestrial sediment may inhibit the recolonisation of other benthic macrofauna, such 

that it has to be transported away or modified by early colonists (especially mud crabs) before the area 

can be re-inhabited. 

Thin sediment deposits also reduce the diversity and abundance of benthic organisms.  Berkenbusch et 

al. (2001) detected significant, linear relationships between macrofaunal diversity and abundance, and 

the depositional thickness of thin layer (0, 1, 3, 5, & 7 mm deep) deposits at two nearby intertidal sites 

with similar sediment grain size but ecologically distinct communities: a cockle (Austrovenus 

stutchburyi) dominated site, and a worm and wedge shell (Macomona liliana) dominated site, both in 

Whitford embayment.  The response did not appear to be related to mass mortalities, but within 10 

days of sediment deposition the number of taxa and individuals declined by around 50% in plots of 7 

mm thick.  Similar responses also occurred in muddy habitats where the species present might be 

expected to have a greater tolerance to sediment.  However, a subtidal community examined in the 

same study was largely unaffected by thin layer deposits.   

In contrast, other studies have found that sediment deposition can have a substantial impact on 

subtidal habitats and ecological communities.  Lohrer et al. (2003) examined the effects of subtidally 
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deposited terrigenous sediment, by artificially creating deposits of 0 mm, 3 mm, and 7 mm thickness in 

ca 4-6 m deep, soft bottom subtidal sites at Motuketekete Island in Kawau Bay, and the mouth of the 

Te Kapa sub-estuary in Mahurangi Harbour.  Deposition of terrigenous sediment significantly altered 

macrobenthic community structure and reduced the number of individuals and taxa present at each of 

the sites, with total densities and the densities of individual taxa changing by about 50%.  None of the 

benthic taxa examined responded positively to the addition of terrestrial sediment, and there was little 

sign of community recovery during the 30-day experiment.  A key finding of the study was that deposits 

affected some of the larger species with important ecological functions.  For instance, smothering 

appeared to block ventilation shafts of the burrowing urchin (Echinocardium australe), forcing it to the 

surface of the seabed where it was attacked and consumed by predators.  Echinocardium australe is 

particularly important for its role in mixing sediment and releasing nutrients from sedimentary pore 

water. 

Reef communities are also be susceptible to sediment effects.  Sediment has been implicated in 

preventing larvae and propagules to settle, smothering and/or scouring adult and juvenile stages, 

interfering with foraging and feeding activities, and effecting the growth, fertility and/or morphology of 

reef species (Airoldi 2003).  The response of reef species to sediment is likely to vary among species and 

life-stages, and in some cases sediments may have a positive effect (Airoldi 2003).   

In New Zealand, laboratory experiments have shown that a light dusting of sediment reduced the 

percentage of the bubble weed (Hormosira banksii, see Figure6) zygotes attaching to the substratum by 

34% and bull kelp Durvillaea antarctica zygotes by 71%, while complete cover prevented attachment 

altogether (Schiel et al. 2006).  Similarly, laboratory experiments using fine sediment cover set at one to 

two thirds of the levels found on wave-sheltered reefs, inhibited the settlement of urchin larvae 

(Evechinus chloroticus) and reduced the survival of urchin recruits and juveniles (Walker 2007).   

Smothering is frequently cited as a cause of sediment induced mortality on reef systems, and 

differential rates of mortality can led to shifts in the composition of reef communities (Branch et al. 

1990).  The scarcity of herbivorous species on rocky coasts with high levels of sediment has also been 

highlighted.  It is thought that sediments may inhibit grazers by damaging tissues through scour, 

clogging respiratory apparatus or causing other physiological stresses, interfering with movements or 

feeding activities, preventing firm attachment, or inhibiting recruitment (Airoldi 2003).   
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Figure 6:  Bubble weed (Hormosira banksii) growing on Omana Reef  (Maraetai Beach, Manukau) with a recently deposited layer 

of  sediment. 

 

 

Suspended sediments affect photosynthesis and primary production by reducing water clarity, and 

therefore, light levels (Davies-Colley and Smith 2001, Van Duin et al. 2001).  For instance, turbidity 

influences the photosynthetic rates, survival, recruitment, and occurrence of seagrass (de Boer 2007).  

Marine plants are able to compensate for reduced light by increasing the amount of photosynthetic 

pigment they contain (Schwarz et al. 2005).  However, photo-acclimation has an energetic cost and 

plants are only able to acclimatise to limited range of light conditions.  The compensation point 

(expressed as a percentage of incident irradiance) defines the lower light limit for marine plants, which 

occurs where photosynthetic gains equal respiratory losses over ecologically meaningful time sc ales 

(Schwarz et al. 2005).  Suspended sediment therefore decreases the depth range of marine plants by 

reducing the depth of the compensation point for individual plants. 

Suspended sediment also affects the feeding behaviour, physiological condition, and/ or survival of a 

variety of suspension and deposit feeders.  Laboratory and/or field experiments conducted in the 

Auckland Region indicate that suspended sediments negatively affect adult cockles (Austrovenus 

stutchburyi), pipis (Paphies australis), wedge shells (Macomona liliana), heart urchins (Echinocardium 

australis), the polychetae Boccardia syrtis, scallops (Pecten novaezelandiae) and horse mussels (Atrina 

zelandica) (Hewitt et al. 2001, Nichlolls et al. 2003, Ellis et al. 2002).  Morrison et al. (2009) (reporting on 

unpublished work being carried out by M. Lowe), indicated that the physiological condition of juvenile 

snapper was also negatively related to suspended sediment loads.  Parasite loads and gill deformation 

increased with increasing suspended sediment levels, and the feeding habits of juvenile snapper were 

altered.  Pelagic prey dominated their diet in clear estuaries, while benthic prey dominated their diet in 

turbid estuaries (including Manukau Harbour).  Morrison et al. (2009) suggest that these changes may 

reduce the overall food supply available to juvenile snapper, and perhaps the nutritional value of their 
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food.  Furthermore, these affects may be compounded by reduced feeding efficiency in turbid 

environments.  Tank experiments showed that the foraging success of juvenile snapper decreased with 

increasing suspended sediment levels.  A number of sediment-related, sub-lethal effects were also 

recorded in tank experiments conducted over one month.  These included: increased coughing and 

gulping at the surface; paler colouration; higher respiration rates; and, decreased activity. 

5.3 Chemical contaminants 

5.3.1 Contaminant concentrations relative to sediment quality guidelines  

Sediment and water quality guidelines are commonly used to assess the potent ial for contaminant 

related ecological effects.  These are usually provided as a set of low and a high values.  The low values 

are indicative of contaminant concentrations where biological effects are “rarely” expected to occur 

(e.g. Threshold Effect Level (TEL) and Effects Range Low (ERL) - see below).  O’Connor (2004) defines 

“rarely” as having and observed frequency of 5–8%, leading to a rule of thumb that ERL guideline 

concentrations correspond to a 10% probability of toxicity.  ERL and TEL guideline values therefore 

provide an early warning, which allows timely management intervention to prevent or minimise adverse 

environmental effects.   

High guideline values are indicative of contaminant concentrations where biological effects are 

frequently expected to occur (e.g. PEL and ERM (see below)).  These values indicate that adverse 

environmental effects have a high probability of occurring, and management intervention may be 

required to remediate the problem.  

A number of sediment quality guidelines are used in the Auckland Region (see Table4 for copper, lead 

and zinc values).  Four commonly used marine guidelines are:  

 Threshold Effect Levels (TEL) and Probable Effects Levels (PEL) developed by the Florida 

Department of Environmental Protection (MacDonald et al. 1996).  TEL and PEL values tend to be 

more conservative (i.e. protective) than ERL and ERM values described below.   

 Effects Range Low (ERL) and Effects Range Medium (ERM) sediment quality guidelines developed by 

the National Oceanographic and Atmospheric Administration (Long and Morgan 1990).   

 The low and high interim sediment quality guideline (ISQG-L and ISQG-H) values from ANZECC 

(2000).  ANZECC (2000) advocates the use of the guideline values proposed by Long and Morgan 

(1990), but adopted a combination of Hong Kong (for low limits) and Long and Morgan (1990) (for 

high limits) guideline values.  A rationale for the use of the Hong Kong values is not provided.  

 The ARC’s green, amber and red environmental response criteria  (ERC’s), which were derived from a 

combination of the TEL and ERL values described above (with rounding) (Auckland Regional Council 

2002).  Amber and red ERCs therefore provide an early warning of potential effects.  Their purpose is 

to trigger investigations into the causes and consequences of contamination, and to prompt an 

appropriate management response to prevent or minimise adverse environmental effects.  

Biological effects are considered to be unlikely when contaminant concentrations are within the 

green range. 
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Table 4:  Copper, lead and zinc sediment quality guideline (mg/kg) values commonly referred to in the Auckland region. 

Source ANZECC (2000) ARC MacDonald et al. 
(1996) 

Long and Morgan 
(1990) 

Guideline ISQG-L ISQG-H Green Amber Red TEL PEL ERL ERM 

Copper 65 270 <18 18-34 >34 18.7 108.2 34 270 

Lead 50 220 <30 30-50 >50 30.2 112.2 47 218 

Zinc 200 410 <124 124-150 >150 124 271 150 410 

 

The ERL and ERM sediment quality guidelines were originally developed from information compiled in 

the biological effects database for sediments (BEDS), which integrated chemical and biological data 

from numerous studies conducted throughout North America (Long and Morgan 1990, Long et al. 

1995).  Of the 350 publications originally reviewed and screened, 89 reports met the criteria for inclusion 

in the BEDS.  Each entry was assigned an "effects/no -effects" descriptor, based on measures of adverse 

biological effects.  These measures included:  

1. benthic community effects (depressed species richness or total abundance); or, significantly or 

relatively elevated sediment toxicity; or, histopathological disorders in field studies of demersal 

fish; 

2. EC50 or LC50 concentrations determined in laboratory bioassays of sediments spiked with single 

compounds or elements; and, 

3. toxicity predicted by equilibrium-partitioning models. 

All of the “effects” data were given equal weight, and were used in the derivation of the ERL and ERM 

guideline values (the “no-effects” data were not used to derive these values).  The guideline values were 

determined by ordering the effects data from the lowest to highest concentrations for each of the 31 

chemicals/compounds considered.  The concentration associated with the lower 10th percentile of 

samples was then identified and referred to as the ERL, and the median, or 50th percentile, of the 

effects data was referred to as the ERM (Long and Morgan 1990, Long et al. 1995).  

The TEL and PEL sediment quality guidelines were also developed from the BEDS, and are therefore 

based on the same dataset as ERL and ERM guideline values (MacDonald et al. 1996).  Once again, data 

were retrieved from the database, and sorted in the ascending order of each chemical/compound's 

concentration.  However, this was done separately for the “effects” and “no-effects” datasets.  At least 

20 data entries in both the 'effects' and 'no effects' categories, were required before guideline values 

were determined for any substance.  TEL values for each chemical were derived by calculating the 

geometric mean of the 15th percentile of the effects data set (EL (effects low)) and the 50th percentile 

of the no effects data set (NEM (no-effects median)) according to Equation 1. 

Equation 1:  

PEL values were determined using the geometric mean of the 50th percentile of the effects data set 

(EM (effects median)) and the 85th percentile of the no effects data set (NEH (no-effects high)) 

according to Equation 2. 
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Equation 2:  

Geometric means, rather than arithmetic means, were used because of uncertainty about the 

distributions of the data sets (i.e. the data were not expected to be normally distributed). 

Repeated assessments using large datasets have shown that TEL and ERL values are able to predict the 

likelihood of toxic effects occurring with a relatively high degree of accuracy, but response frequencies 

are more variable for PEL and ERM guideline values (e.g. see Long et al. 1998, Long and MacDonald 

1998, O’Connor 2004, McCready et al. 2006).  For instance, O’Connor (2004) summarises the results of 

three North American studies involving 1508 to 2761 records with matching sediment chemistry and 10-

day amphipod toxicity data.  Toxicity was detected in 5–8% of samples that had contaminant 

concentrations below ERL values, and in 38-41% of samples with at least one ERM exceedance.  Long et 

al. (1998) found that 11 and 9% of samples were highly toxic in amphipod tests when all chemical  

concentrations were below the ERL and TEL concentrations, respectively.  If one contaminant exceeded 

an ERM or PEL guideline value, then 23% and 14% of samples were highly toxic in amphipod survival 

tests (respectively), and this increased to 85% and 88% when 11–20 ERMs, or 21–26 PELs were 

exceeded.  McCready et al. (2006) evaluated the applicability of the ANZECC (2000) sediment quality 

guideline values to Australian conditions by matching chemical and toxicological data from 103 samples 

that were mainly collected from Sydney Harbour.  The ANZEEC (2000) guidelines performed well, with 

a low incidence of toxicity (7%) among samples with all chemical concentrations below ISQG-Low 

values.  Frequent toxic effects (>75% of samples) occurred when chemical concentrations exceeded 

ISQG-High values.  A notable result of this study was that the guidelines were relatively robust, i.e. the 

method of metal extraction and the non-normalisation of organic compounds to total organic carbon 

did not have a significant effect on the assessment.  

It is important to recognise that toxicity occurs along a contaminant continuum.  Consequently, 

sediment quality guidelines do not provide absolute concentration thresholds that can be used to 

accurately predict the onset of toxicity (O’Conner 2004).  However, they do provide useful reference 

points along the toxicity continuum, which can be used to guide management decisions.  Auckland has 

a relatively recent history of urbanisation, with most expansion and intensification occurring within the 

past 50 years.  As a result, urban harbours and estuaries in the Auckland Region are relatively 

uncontaminated compared with other countries whose coastal cities have a long development history 

(e.g. Long 2000 c.f. Kelly 2007b).  For instance, data from the United States National Status and Trends 

(NS&T) programme and the Environmental Monitoring and Assessment Programme (EMAP) showed 

that ERM guideline values were exceeded in 26-27% of samples collected from Southern US estuaries 

(Long 2000).  Based on the results of toxicity testing, Long (2000) went on to estimate that toxic 

sediments cover around 7.5% of total estuarine area surveyed in the NS&T and EMAP programmes.  

Slightly degraded sediments were more common in the Southern US estuaries, with 42-49% of samples 

having concentrations between ERL and ERM values, and sediments that caused sub-lethal toxicity in 

two separate bioassays were estimated to cover 43 – 61% of the estuarine area surveyed. 

Despite the relatively good condition of the Auckland Region’s coastal receiving environment, several 

factors make its urban harbours and estuaries particularly prone to contaminant accumulatio n: 

1. urbanisation has occurred along the coast, so there is little opportunity for contaminant 

attenuation between source and sea; 
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2. the coastline contains many sheltered inlets, which trap sediments and associated 

contaminants; and, 

3. no provision was made for treating stormwater in many older, fully developed catchments. 

Existing contaminant concentrations are highest in sheltered inlets with the long histories of 

urbanisation i.e. southern side-branches of the central Waitemata Harbour, the upper Tamaki Estuary 

and Mangere Inlet (Kelly 2007b, Figure7).  Concentrations of all three metals exceed TEL values in each of 

these locations (i.e. the threshold for the ARC’s amber ERC guideline value), and in some areas zinc 

concentrations are approaching or exceed PEL sediment quality guideline values.  Copper 

concentrations are also slightly elevated in both urban and rural parts of the Upper Waitemata Harbour, 

while lead and zinc concentrations are slightly elevated in isolated spots on the no rthern Waitemata.  In 

contrast, marine receiving environments adjacent to other rural catchments have metal concentrations 

close to background levels, and in general are not displaying strong upward trends.  Sediment metal 

concentrations are also low on semi-exposed beaches adjacent to urban catchments, such as East Coast 

Bays, and are also not displaying upward trends (Kelly 2007b).   

Overall, copper, lead, and/or zinc concentrations exceed ERL sediment quality guideline values at 22% 

of the ARC’s 72 stormwater contaminant monitoring sites, but concentrations do not exceed ERM 

guideline values at any of these sites.   

Figure 7:  Concentrations (dot size) of  a) copper, b) lead and c) zinc in the ARC stormwater contaminant monitoring sites 

relative to sediment quality guidelines: green = < TEL; orange = TEL to ERL; red = ERL to PEL; blue = > PEL (from Kelly 

2007b).   

a. 

 

b. 
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c. 

 

  

 

5.3.2 Weight of evidence 

Chapman (2007) highlights that the ecological significance of contaminant accumulation cannot be 

determined by simply measuring contaminant concentrations in the environment.  In order to have an 

ecological effect, contaminants must be bioavailable and occur at environmentally significant 

concentrations in the affected habitats.  Bioavailablity depends on the chemical form of the 

contaminants, modifying factors in the environment, the environment they occur in, and the 

characteristics (behavioural and physiological) of exposed biota.  Consequently, Chapman (2007) 

emphasises that all pollutants are contaminants, but not all contaminants are pollutants.  He advocates 

a weight of evidence (WOE) approach for assessing the environmental risk of contaminants, using an 

assessment triad with the following three components:  

1. Hazard identification:  A hazard is something that can possibly cause harm (in this case 

elevated contaminant levels), whereas risk is the probability of harm occurring.  Hazard 

assessments are done by comparing actual contaminant concentrations with sediment 

quality guidelines. 

1. Toxicity testing with laboratory or field based toxicity tests on three ecologically 

relevant species.  Chapman (2007) advocates the use of sensitive, standardised, 

sediment-associated, test organisms from different taxonomic and functional groups, 

that also occur locally, or are similar to locally occurring species.  Sediment toxicity 

endpoints are considered to be positive if the reference and treatment samples differ by 

more than 20%, and the differences are statistically significant; and, 
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2. Ecological assessments involving univariate and multivariate analyses with an emphasis 

on structural components such as taxa abundance, diversity, proportions of major taxa, 

indicator species, and dominant species. 

Additional tests may also be required if the pollution status of sediments rem ains uncertain after 

conducting the assessment triad.  These assessments may include: measurements of bioaccumulation; 

the use of biomarkers (e.g. histopathology); toxicity identification evaluations (TIEs) (where sediments 

are chemically manipulated to remove particular substances then retested), spiked sediment toxicity 

tests, or additional sediment toxicity tests.  This approach is similar to that recommended by the 

ANZECC (2000) Water Quality Guidelines.   

Published WOE tests on the effects of stormwate r contamination in the Auckland Region were not 

identified during this review (although WOE methods have been used for other contaminated site 

assessments).  However, a number of approaches have been used, which together with other 

international studies, provide relatively strong evidence that stormwater contaminants have affected 

coastal ecosystems in the region.  These studies include: 

 evaluations of contaminant concentrations relative to sediment quality guidelines;  

 the examination of ecological responses along contaminant gradients; 

 the reconstruction of ecological, physical and chemical time series in relation to urbanisation and 

industrial development; 

 measurements of bioaccumulation and biomarkers; and, 

 toxicological tests. 

5.3.3 Ecological responses along contaminant gradients 

Laboratory based bioassays provide a rapid and integrated measure of the toxicity of sediment-bound 

contaminants, and relatively good agreement has been found between tests of sediment toxicity and 

ecological metrics such as abundance and diversity (Long et al. 2001).  However, questions remain 

about the ecological relevance of laboratory based bioassays, because they are conducted under 

controlled conditions that poorly reflect reality, and usually only involve short term exposures on  a small 

selection of species (typically over a maximum of 14 days) (Volatier et al. 2009).  This is vastly different 

from field situations where organisms are exposed to a complex suite of natural and non-natural 

stressors, which include biological, chemical and physical components that also vary through time (e.g. 

in response to seasons, weather and climatic conditions).  Laboratory bioassays also prevent biological 

interactions, which potentially modify contaminant effects, from occurring, and consider only a limited 

range of biological attributes (Leung et al. 2005).  Finally, the chemical, physical and biological 

properties of sediments being tested are often modified during the test (Volatier et al. 2009).  This can 

lead to changes in contaminant bioavailability and consequently, sediment toxicity. 

Other researchers therefore argue that a better approach to assessing the potential effects of mult iple 

stressors is to analyse the ecological responses of large numbers of species along contamination 

gradients (Leung et al. 2005, Thrush et al. 2008).  Reconstructing the time series of ecological, physical 
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and chemical changes that occurred in association with urbanisation can also provide useful insights 

into the effects of stormwater and wastewater contaminants.   

The use of multivariate statistics has been particularly useful for examining links between stormwater 

contaminants and benthic community structure in the Auckland Region.  Anderson et al. (2002) and 

Hewitt et al. (2005) describe the development of the ARC’s “benthic health model”, which clearly 

identified changes in the composition of benthic communities along an urban pollution gradient.  The 

study included 58 estuary and 76 harbour sites from across the Auckland Region, that were subjectively 

ranked from 1 (unpolluted) to 5 (polluted) for environmental quality.  A variety of analytical techniques 

were tested, including distance based redundancy analysis (dbRDA) on Hellinger-transformed data 

(Hewitt et al. 2005), canonical correspondence analysis (CCA) (Hewitt et al. 2005), and canonical 

analysis of principal coordinates (CAP) (Anderson et al. 2002, Hewitt et al. 2005).  Strong relationships 

were found between pollution rank and benthic community structure, with all three techniques 

producing comparable results.  However, CAP was recommended for ongoing use because it performed 

slightly better than the other methods.   

The benthic health model was subsequently refined by using: a better spread of sites from across the 

Auckland Region; measurements of actual contaminant concentrations (copper, lead and zinc) rather 

than a pollution ranking; and, a 5 point scale for ranking ecological health (Anderson et al. 2006, Kelly 

2007b) (Figure8).  The results obtained from the revised model were similar to the original (i.e. a strong 

relationship was found between contaminant concentrations (copper lead and zinc) and community 

structure), but the refinements made the model more robust.  Kelly (2007b) noted that spatial patterns 

in ecological condition broadly reflected spatial patterns of contamination.  Sites along the southern 

Waitemata Harbour, in upper reaches of Tamaki Estuary, and on the northern-eastern Manukau had 

ecological communities that showed signs of stress.  In contrast, more exposed sites on the northern 

Waitemata Harbour (Chelsea and Kendalls Bay) had good ecological condition , while the condition of 

ecological communities in Orewa was excellent.  However, a few anomalies were noted, including the:   

 relatively poor ecological condition of sites in side-branches of the upper Waitemata Harbour, i.e. 

Brighams, Rangitopuni and Paremoremo, which have predominantly rural catchments;   

 poor condition of ecological communities at two sites in the Manukau Harbour: P ukaki (airport) and 

upper Puhinui, which did not reflect the low concentrations of copper, lead and zinc found at these 

sites; and, 

 good condition of the Newmarket site, which situated near the outlet of Newmarket creek which 

drains a relatively large commercial area and is expected to have relatively high contaminant 

loadings.  However, the site has relatively coarse sediments and contaminant concentrations are 

only elevated in the fine sediment fraction. 

Thrush et al. (2008) subsequently used the dataset of Anderson et al. (2006) to isolate the effects of 

several environmental stressors on 42 species using multiple regression analysis.  Regression models 

were used to identify the additive, multiplicative, synergistic and antagonistic effects of contaminant  

(copper, lead and zinc concentrations) and environmental variables (mud content and organic content 

(TOC)).  An additive effect is one where the effects of two or more stressors added together to produce 

a larger total effect.  A multiplicative effect is one where the effects of two or more stressors multiply to 
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produce a much larger total effect.  Effects were further interpreted as being synergistic or antagonistic 

based on whether they increased or decreased the effect of the main contaminant.   

Regression models explained a statistically significant proportion of variation in the abundance of 38 of 

the 42 taxa examined (Thrush et al. 2008).  Changes in the abundance of most taxa were predicted by 2 

or 3 stressors.  Taxa responding to metals generally displayed a stronger correlation to one particular 

metal, with copper tending to be more influential than lead or zinc.  However, in some cases more than 

one metal was important.  Furthermore, the effects of metals tended to be stronger at sites with higher 

levels of mud or TOC, suggesting that metals compounded the effects of other environmental stressors.  

Only one taxon showed a different response.  The effect of copper on the abundance of Nereidae was 

lower at sites with high mud contents, indicating that for Nereids, low mud concentrations are a 

stressor. 

Hewitt et al. (2009) used the same dataset to derive sediment quality guidelines for copper, zinc, and 

lead, from field-based species-sensitivity distributions.  Sediment quality guidelines were derived from 

the concentrations where statistical modelling predicted that a 50 % decrease in abundance of 5 % of 

the taxa occurred.  The sediment quality guidelines obtained from the analysis of species-sensitivity 

distributions ranged from 6.5 - 9.3 mg/kg for copper, 18.8 - 19.4 mg/kg for lead, and 114 - 118 mg/kg for 

zinc.  The values for copper and lead are notable because they were between 35 - 50%, and 61 - 64% of 

their respective threshold effects levels (TEL) (MacDonald et al. 1996, see Table4).  The percentage of 

the variation explained by copper was generally fair to good, with an R
2
 > 36 % for all of the species that 

displayed a 50 % reduction in abundance at the derived effects level.  However, model fits were more 

variable for lead and tended to explain less variation for zinc. 

Changes in community composition were apparent below the derived guideline values.  These included 

a reduction in the occurrence and/or abundance of rare species
4
 and large species.  Hewitt et al. (2009) 

highlighted that rare species collectively dominate community structure and make a substantive 

contribution to traditional measures of biodiversity.  Rare species are also important in maintaining the 

stability and resilience of ecosystem s.  Large sediment-dwelling animals can make a disproportionately 

large contribution to ecosystem functions such as deep-bioturbation of sediments, the modification of 

boundary layer flows, or through providing large food items for fish and other consumers.  In addition, 

the high mobility of many large taxa increases their potential to affect bioturbation and mediate oxygen 

and nutrient exchanges between the water column and the seabed. 

                                                            
4
 In this context “rare species” were species that infrequently occurred in samples, and when they did occur, they were general ly found in 

low numbers.   
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Figure 8:  Relationship between contamination (i.e. PCA axis 1) and ecological community structure (i.e. CAP ordination axis) at 

84 sites throughout the Auckland Region.  The plot includes data from coarse-sediment and fine-sediment sites.  Contamination 

values were derived from a principal components analysis of  copper, lead and zinc concentrations obtained from the <500 m 

sediment fraction using strong acid digestion.  Values for ecological community structure were derived using canonical analys is 

of  principal coordinates (CAP) with Bray-Curtis dissimilarity on square-root transformed count data (see Anderson et al. 2006).  

Stormwater contaminant monitoring sites are shown in red, while additional sites used in the model are indicated in blue (fro m 

Kelly 2007b). 
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Figure 9:  Ecological condition of  the stormwater contaminant monitoring sites.  Condition is ranked from 1 (good) to 5 

(degraded) (from Kelly 2007b).  Note that, generally, ecological condition is not assessed until contaminant levels are above  TEL 

values.  Sites that are included in the ARC’s stormwater contaminant monitoring programme but had not been assessed in 2005 

are therefore shown. 

 

 

A number of other studies have compared the composition of benthic macrofaunal communities 

between sites that directly receive urban stormwater runoff and sites that are remote from urban 

stormwater runoff.  Thrush and Roper (1988) and Roper et al. (1988) combined field observations with 

experimental tests to examine contaminant effects.  They compared the composition of benthic 

communities and the settlement of benthic macrofauna at six sites around the Manukau Harbour that 

had similar sediment textures, but varying contaminant levels (note that only one site was markedly 

polluted: Mangere Inlet).  They then conducted experiments to test for variation in the settlement of 

benthic macrofauna at each site.  The only obvious relationship between benthic community structure 

and contamination were low numbers of species and individuals at the Mangere Inlet site (Roper et al. 

1988).  The lowest median number of species and the lowest number of individuals colonised 
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settlement trays at this site (Thrush and Roper 1988).  This led Roper et al. (1988) to conclude that “the 

level of pollution, almost certainly from runoff, has had a severe effect on the community structure at 

this station”. 

Morrisey et al. (2003) also examined changes in benthic communities subject to urban stormwater 

runoff.  The faunas of the two urbanised estuaries studied (Pakuranga and Hellyers) were similar to each 

other, but different to the non-urban sites (Paremoremo and Te Matuku).  The authors concluded that 

this was consistent with an impact of contaminants derived from urban stormwater runoff.  However, 

they noted that differences in faunas between the urban and non-urban estuaries were not clear-cut 

and the relationships between environmental variables and benthic fauna were not consistent through 

time.  

5.3.4 Reconstruction of ecological and environmental change  

Benthic microfauna have also provided useful insights on how historic changes in environmental quality 

have led to corresponding changes in the characteristics of the marine ecosystem.  The contaminant-

related ecological histories of Mangere Inlet (Matthews et al. 2005), Panmure Basin (Hayward et al. 

2004), and Rangitopuni and Lucas Creeks have been reconstructed from microfaunal records obtained 

from sediment core samples.  Microfaunal communities in the sediment record reflect different periods 

of human presence and activity.  In Mangere Inlet, the following periods are evident: 

1. Pre -Polynesian and Polynesian period: when forest clearance and cultivation, and 

subsequent sediment erosion had no measurable effect on foraminiferal
5
 community 

composition.  

2. Early European to 1960s: foraminiferal communities do not change substantially in the outer 

parts of Mangere Inlet, but marked changes occur at sites close to industrial outfalls in inner 

parts of the inlet (e.g. meat works and tanneries).  In the latter half of this period, foraminifera 

disappear altogether, or are very sparse in a core located next to the discharge from the 

Southdown meat works, probably due to excessively high organic loadings leading to acidic 

conditions. 

3. ~ 1960s: Widespread faunal changes occur due to the closure of industrial outfalls and nutrient 

and sediment discharges from the Mangere Wastewater Treatment Plant. 

4. 1960s – Present day: patterns of in situ faunal composition move back toward those obtained 

from the pre-human period. 

Marked changes have also occurred in the composition of microfaunal communities from Panmure 

Basin, and Rangitopuni and Lucas Creeks (Hayward et al. 2004, Hayward et al. 2006).  Significantly, 

these changes appeared to be associated with declining water salinity, which was evident through the 

abrupt decline and disappearance of marine molluscs, a major decline and virtual disappearance of 

ostracods, an abrupt decline in calcareous foraminifera (mostly Ammonia spp.), and a corresponding 

increase in the abundance of agglutinated foraminifera, large diatoms, and freshwater-restricted 

thecamoebians (Hayward et al. 2006).  The decline in marine fauna was attributed to shell 

                                                            
5
 Foraminifera are marine, single celled protozoa that secrete intricate calcareous or agglutinated shells.  
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decalcification caused by an increase in freshwater runoff and an associated reduction in water pH, as 

the catchment was deforested and impervious surfaces increased during urban development.  

5.3.5 Bioaccumulation and biomarkers 

Research and monitoring programmes carried out in the Auckland Region have confirmed that 

common stormwater contaminants are bioavailable and accumulated in the tissues of a variety of 

marine organisms.  Monitoring carried out by the ARC (see Figure10 for the site locations) indicates that 

copper, lead, zinc and a range of persistent organic compounds are readily accumulated by mussels and 

oysters in the Manukau and Waitemata Harbours.  By international standards, organic cont aminant 

concentrations in mussel and oyster tissues are low and are unlikely to cause ecological or health 

effects.  However, spatial differences are apparent which reflect the influences of adjoining landuse 

activities on ambient water quality.  The following spatial patterns are typically observed in shellfish 

from the ARC monitoring programme (Kelly and McMurtry 2004, Kelly 2007a, see Figure11): 

 PAH levels tend to be higher in mussels from the four east coast sites.  Levels in mussels from the 

east coast reference site (Illiomama, Rangitoto Island), are similar to the worst Manukau Harbour 

site (Mangere Inlet); 

 On the east coast, mussel contaminant levels are generally highest in the Upper Tamaki.  This site 

tends to have relatively high concentrations of copper, PAH, chlordane, dieldrin and PCBs.  

Illiomama generally has the best mussel quality of the East Coast sites with lowest concentrations of 

PAH, DDT, chlordane and PCBs.  The two Waitemata Harbour sites, Chelsea and Upper H arbour, 

generally have very similar contaminant profiles with contaminant levels intermediate between 

Tamaki and Illiomama. 

 Overall, dieldrin and PCB levels tend to be high in Tamaki Estuary and Mangere Inlet compared with 

other sites. 

 Highest concentrations of DDT and chlordane occur in mussels and oysters from Mangere Inlet; 

 DDT and PCB levels are generally low at the Weymouth and Papakura Channel sites. 

The Manukau Harbour sites can also be separated into two groups based on the concentrations of zinc 

and copper in oyster tissues (Kelly 2007a).  Concentrations of copper and zinc in oysters from the 

Cornwallis reference site are generally lower than at the other Manukau sites with urban or semi -urban 

catchments.  This is likely to reflect differences in the ambient concentration of metals among sites, and 

fact that oysters are strong accumulators of zinc and copper (Rainbow 1995).  In contrast, zinc 

concentrations in mussels, which are poor zinc accumulators (Rainbow 1995), have not been 

significantly different among sites.  
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Overall, site quality can be ranked according to contaminant levels in oyster and mussel tissues as 

follows (Kelly 2007a):  

 

Worst quality  Best quality 

   

Oysters:   

Granny’s Bay Pahurehure Cornwallis 

 Hingaia  

     

Mussels:     

Mangere Inlet Tamaki Estuary Upper Waitemata Illiomama  Weymouth Pre-deployment 

  Chelsea  Papakura Channel  

Figure 10:  ARC oyster and mussel monitoring sites. 
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Figure 11:  Lipid normalised organic contaminant concentrations (ng / g (lipid)) of mussels trans-located into the east 

coast (left) and the Manukau Harbour (right), from 1999 to 2005.  Values are also given for contaminant levels obtained 

from samples prior to deployment (From Kelly 2007a).  
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A number of other studies have also examined the bioaccumulation of particular contaminants, or 

groups of contaminants, in marine biota from the Auckland Region.  These have included one -off 

surveys of organic contaminants in cockles, oysters, mussels and mud snails in 1994 (Mills 1994), and of 
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organochlorine pesticides, PCBs and PAHs in mussels from Bucklands Beach and Panmure in 1994 (Mills 

and Fahey 1995). 

Stewart (2005) studied the effects of habitat degradation (of which stormwater is a component) on 

cockles, by transplanting cockles from a “relatively pristine” site in Whangateau Harbour to four sites 

along a pollution gradient in Tamaki Estuary (i.e. Tahuna Torea, Farm Cove, and the entrances to 

Pakuranga Creek and Otahuhu Creeks).  At the conclusion of the experiment, cockle tissue 

concentrations did not reflect the pollution gradient (but cockle survival did) and no clear relationship 

was observed between the concentrations of contaminants in sediments and the concentration of 

contaminants in transplanted cockle tissues.  Furthermore, no signifi cant difference was detected 

between tissue concentrations in cockles transplanted to the Tamaki and tissue concentrations in 

cockles from Whangateau Harbour. 

Clear differences in the uptake of contaminants between cockles, oysters and mussels, are likely to be 

due to species-specific regulatory mechanisms.  Cockles appear to strongly regulate copper and zinc, 

maintaining tissue concentrations that were similar too, or slightly higher than, concentrations in 

surrounding sediments even at relatively high environmental concentrations (Stewart 2005).  Mussels 

also appear to regulate tissue concentrations of copper and zinc when environmental concentrations 

are low, but at higher environmental concentrations tissue concentrations increase as environmental 

concentrations increase.  In contrast, copper and zinc accumulate logarithmically in Pacific oyster 

tissues i.e. tissue concentrations are quickly magnified as environmental concentrations start to rise, 

but the rate of tissue accumulation rapidly tapers off and stabilises at higher environmental 

concentrations (Rainbow 2002, Shulkin et al. 2003, Stewart 2005).  A range of accumulation patterns 

are also exhibited by crustaceans (Rainbow 2007).  Bioaccumulation by barnacles probably reflects the 

extreme end of the range for zinc accumulation, whereby all of the zinc taken up from solution is 

accumulated without excretion, and the amount of dietary zinc that is excreted is insignificant.  

Consequently, barnacles accumulate very high body concentrations of zinc, with most of it stored in a 

detoxified form (Rainbow 2007).  In Auckland, zinc concentrations of 4460-6530 mg Zn.kg
-1

 have been 

recorded in the barnacle, Elminius modestus (Zauke et al. 1992), c.f. maximum concentrations of 852 – 

2320 mg Zn.kg
-1

 for Manukau oysters and 66 – 110 mg Zn.kg
-1

 for Waitemata and Manukau mussels 

(Kelly 2007b). 

Simpson et al. (1996) examined technical chlordane contamination in sediments and representative 

benthic macrofauna from a sandflat site at Cape Horn in the Manukau Harbour.  Technical chlordane is 

a pesticide formulation containing in excess of 140 different compounds that has been extensively used 

as a non-systemic contact and stomach poison for the control of insects. Its major use in New Zealand 

has been as a wood preservative for plywood and timber.  Technical chlordane is considered to be a 

significant environmental pollutant due to its widespread occurrence, toxicity to non -target organisms, 

propensity to bioaccumulate, and persistence in the environment.  Sediment concentrations of 

technical chlordane were relatively low at Cape Horn, and lowest in the surface sediment layer.  

However, levels in benthic biota from the Cape Horn site were considered to be significant, but not 

severe, when compared to contaminated sites internationally.  Concentrations were similar in all of the 

molluscs tested (91-117 ng.g lipid
-1

), but were twice as high in the polychaetes (202 ng.g lipid
-1

).   

Contaminant levels have also been measured in the tissues of a number of birds and fish in the Auc kland 

Region.  The harbours and estuaries adjoining the Auckland isthmus are nationally and internationally 
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important areas for native and migratory shore birds.  Maps produced from Ornithological Society 

surveys indicate that the Manukau Harbour, southern Waitemata Harbour and Tamaki Estuary are 

national “hotspots” of bird diversity in coastal habitats (Robertson et al. 2007).  The northern Manukau 

is also a “hotspot” for nationally critical endangered bird taxa (threat code 1), and the northern 

Manukau, southern Waitemata and Tamaki Estuary are hotspots for nationally vulnerable (threat code 

3) endangered bird taxa.  All three areas contain extensive sand and mudflats, which are a rich food 

resource for shore birds.  An approximately three hour tidal difference and the narrow distances 

between the Manukau Harbour and the Waitemata and Tamaki Estuary, also allow waders to extend 

their feeding times by easily moving between east and west coasts.  

The utilisation of areas subject to urban stormwater runoff suggests that waders are likely to be 

exposed to contaminants, and consequently, contaminant bioaccumulation and associated effects may 

occur.  Thompson and Dowding (1999) therefore examined heavy metal concentrations in the blood of 

South Island pied oystercatchers in Manukau Harbour.  Mercury, lead and cadmium concentrations in 

blood of oystercatchers from Mangere Inlet were compared with those from a rural, control site in the 

South Kaipara Harbour.  Mercury and cadmium concentrations were low at both sites and no significant 

differences were detected between the sites.  However, lead concentrations were substantially, and 

significantly, higher in birds from Mangere Inlet.  Some of the individuals sampled from Mangere Inlet 

exhibited blood lead concentrations above 200 ng.g
-1

 wet weight, which Thompson and Dowding 

(1999) suggested, could lead to sub-clinical toxicological effects. 

Bioaccumulation can also occur in animals that are high in the food chain even if they are remote from 

contaminant sources, because the concentrations of some contaminants are magnified as passed 

through the food chain.  Burger et al. (1994) therefore compared the concentrations of lead, cadmium, 

mercury, selenium, manganese and chromium in the breast feathers of Australasian gannets (Morus 

serrator) from Pakiri (n = 12) and Muriwai (n = 21) with those from Ninety Mile Beach (n = 11) to examine 

trends in feather contamination in relation to the distance from industrialisation and urbanisation.  

During nesting Australasian gannets have an average feeding range of 268 km, but most birds feed 

within a range of 61 km (Wingham, 1985).  Adults remain at, or close to, the breeding site for eight to 

nine months of the year.   

Significant differences were detected in the concentrations of all metals in gannet breast feathers 

except mercury, with birds from the most remote site (Ninety Mile Beach) generally having lower levels 

than those from the other two locations.  Specific differences included: 

 Manganese and chromium: gannets from Ninety Mile Beach had the lowest levels and Muriwai the 

highest; 

 Cadmium and selenium: gannets from Ninety Mile Beach had lower levels than the other two sites; 

 Lead: gannets from Ninety Mile Beach and Muriwai had lower levels than Pakiri Beach. 

Flounder have also been used to examine bioaccumulation, metal-related metallothionein gene 

induction
67

, and the relationship between contamination and the prevalence of parasites and 

pathological lesions (Diggles et al. 2000, Evans et al. 2001).  Evans et al. (2001) tested the suitability of 

                                                            
6
 note that there may be some bias in this analysis due to the non-random selection of streams. 

7
 The metallothionein protein family is recognised as having a high affinity for metals and “lock” them in a detoxified state (Rainbow 

2002). 
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metallothionein gene induction as a biomarker of metal exposure in flounder.  Metallothionein gene 

induction was significantly, and positively, correlated with copper and zinc concentrations in yellow 

bellied flounder livers, but values were lower in the livers of flounder from the “polluted” site (Mangere 

Inlet) compared with the “clean site” at Te Matuku Bay (Waiheke Island).   These results contrasted from 

those of Diggles et al. (2000), who found higher contaminant concentrations in flounder from “polluted” 

sites.  They collected yellow bellied flounder (and, to a lesser extent, sand flounder) over a two year 

period from three sites along a pollution gradient in the Manukau Harbour: Rangirere (least 

contaminated), Weymouth and Mangere Inlet (most contaminated).  Cornwallis was also sampled on 

two occasions, but low catch rates at the start of the study meant this site was dropped.  In the second 

year, flounder from the Manukau were also compared with those caught from Tauhoa River in Kaipara 

Harbour and Mahurangi Estuary. 

The study also involved the analysis of flounder movement, blood cell abnormalities and parasites in 

flounder, and liver pathology in a subsample of fish.  A subsample of flounder from Rangirere, 

Weymouth and Onehunga were also analysed for EROD enzyme (an indicator of proteins that catalyse 

aromatic and chlorinated hydrocarbons), organochlorine pesticides (DDT, chlordane, lindane and 

dieldrin) and PCBs in liver tissues, and PAHs in bile. 

The results of the study were somewhat equivocal, with only a few of the potential indicators showing 

trends that were consistent with the contaminant gradient.  Most flounder displayed a high degree of 

site fidelity over the study period, but some individuals were highly mobile.  This sugge sted that yellow 

bellied flounder are probably suitable for detecting acute and sub-acute effects of contamination, but 

are not suitable for detecting long-term chronic effects.  Contaminant and EROD tissue concentrations 

showed a clearly increasing trend from the least to most contaminated Manukau Harbour sites.  The 

concentrations of dieldrin, chlordane, PCBs, DDT, PAH and EROD increased along the contaminant 

gradient and were highest in flounder collected from Onehunga (i.e. nominally the most contaminat ed 

site). 

Flounder from Onehunga also had a higher prevalence of pre-neoplastic (i.e. pre-tumorous) liver 

lesions, which are known to be associated with contaminant exposure, and a greater abundance of an 

ectoparasitic isopod (Nerocila obigyna).  However, the prevalence and/or abundance of other parasites, 

such as the myxosporean bile parasite Ceratomyxa sp. and an ectoparasitic leech, were lower at 

Onehunga. 

Pre-neoplastic lesions are considered to be useful early indicators of contaminant related tissue 

damage, but Diggles et al. (2000) cautioned that other factors could also be involved in their 

production.  Furthermore, they do not provide a definitive indication of reduced organism or 

environmental health. 

Mutagenicity
8
 tests have also been carried out on Pacific oysters collected from Manukau Harbour, to 

develop techniques for detecting exposure to potentially carcinogenic
9
 compounds (Ferguson et al. 

1996).  Micronuclei in oyster gill tissues and mutagenicity tests on the bacteria, Salmonella (using 

extracts from oyster gill, stomach, and mantle), indicated that oysters collected from Mangere Inlet had 

been exposed to mutagens and potential carcinogens.  Furthermore, mutagens extracted using nitric 

acid varied according to the season and, to some extent, the site of collection.  However, the ecological 

                                                            
8
 A mutagen is an agent that can induce a genetic mutation or can increase the rate of mutation . 

9
 A carcinogen is an agent that can cause cells to become cancerous by altering their genetic structure. 



 

Ecological Impacts from Stormwater in the Auckland region: A literature review   45 
 

significance of the results or the contaminants involved in the response were not considered in this 

study. 

5.3.6 Toxicity 

Relatively few formal toxicological tests have been carried out in relation to the effect s of stormwater 

contaminants in the Auckland Region.  Hickey and Roper (1992) tested the toxicity of contaminated 

Manukau Harbour mud on the amphipod Proharpinia hurleyi, to identify whether the species was 

suitable for use in amphipod bioassays.  Exposure to mixtures of "polluted" and "clean" mud produced 

variable results, but indicated that P. hurleyi was sensitive to the contaminants present.  However, 

Hickey and Roper (1992) concluded that the usefulness of P. hurleyi as a bioassay species was limited, 

because of its additional sensitivity to changes in sediment particle size and organic enrichment. 

Roper and Hickey (1994) examined the effect of copper and chlordane on juvenile wedge shells 

(Macomona liliana) using chemically spiked sediments.  The movement of wedge shells away from 

spiked sediments increased, and burial rates slowed, with increasing copper concentration.   In 10 day 

toxicity tests shellfish became morbid at copper concentrations of 15 mg.kg
-1

 and nearly all shellfish 

died at 30 mg.kg
-1

.  None survived at 75 and 140 mg.kg
-1

.  With chlordane, movement was reduced with 

increasing concentration, but burial was not affected.  Morbidity increased, and survival decreased, in 

sediments with chlordane concentrations ≥ 200 µg.kg
-1

.  However, the authors noted that the use of 

spiked sediments may have affected the bioavailablity and hence toxicity of the contaminants.  

Roper et al. (1995) subsequently examined the settlement behaviour of wedge shells in relation to: 1) 

sediments with artificially elevated metal contaminants; and, 2) sediments from 4 “contaminated” sites 

(Harania Creek, Grannys Bay and Mangere Inlet within Manukau Harbour, and Hobson Bay in the 

Waitemata Harbour) and 2 “uncontaminated” reference sites (Wairoa Island and Raglan Harbour).  The 

spiked sediments induced clear behavioural responses in juvenile wedge shells, but sediments obtained 

from the contaminated and uncontaminated sites produced ambiguous results.  For instance, although 

the burial of juvenile M. liliana was slowed in sediments from contaminated sites, the differences were 

not statistically significant.  Drifting rates on uncontaminated sediments from Raglan, and 

contaminated sediments from Mangere Inlet and Hobson Bay, were significantly higher than drifting 

rates on uncontaminated sediments from Wairoa Island and contaminated sediments from Grannys 

Bay.  Crawling was unaffected by the sediment-contaminant levels.  The results therefore suggested 

that contaminated sediments have an effect on juvenile wedge shells, but the lack of consistent 

behavioural responses meant that this conclusion could not be verified. 

5.4 Wastewater, nutrients and other organic material 

Urban wastewater systems are inherently prone to seepage, exfiltration and overflows. As a 

consequence, nutrients, microbiological contaminants and other wastewater constituents frequently 

enter the urban stormwater system and groundwater, and are discharged to the coast.  In extreme 

situations the accumulation and subsequent decomposition of organic matter can reduce dissolved 

oxygen levels and cause anoxia in sheltered inlets (as has occurred in the lower section of Cox’s Creek).  
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High nutrient loads can also induce nuisance algae blooms, although this does not appear to be an issue 

in urban Auckland.   

In general, human microbiological contaminants do not cause ecological impacts (although some 

human bacteria, fungi and viruses can potentially be transferred to marine mammals (Islam and Tanaka 

2004)).  Rather, they are of concern because of their human health effects.  People can be exposed to 

microbiological contaminants through contact recreational activities and through the consumption of 

contaminated fish and shellfish.  Health risks vary among locations, but highest concentrations of 

indicator bacteria (enterococci) (and therefore greatest health risk) usually occur after rainfall events 

which cause wastewater overflows.   

The problems with urban receiving environments outlined above are typically caused by the input of 

relatively large volumes of untreated wastewater, rather than stormwater per se.  However, scientific 

attention has recently started to focus on nutrient runoff from rural catchments in New Zealand, due to 

the potential threat that farm intensification poses to New Zealand’s coastal environment, and the lack 

of fundamental knowledge about nutrient impacts.  However, a literature search of Aquatic Sciences 

and Fisheries Abstracts indicates that at this stage, little (if any) work on ecological effects of nutrient 

runoff on New Zealand’s coastal system has been published in scientific journals.  Morrison et al. (2009) 

also noted the lack of studies on the effects of eutrophication on New Zealand’s coastal fisheries.  The 

input and effects of land-derived nutrients on New Zealand’s coastal ecosystems therefore remains a 

significant knowledge gap. 
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6 Discussion 
Stormwater runoff and management has had a profound effect on the ecology of waterways in urban 

parts of the Auckland Region.  These effects are most pronounced for urban streams, which are an 

integral component of the stormwater drainage network and have traditionally been managed to 

maximise urban development and mitigate flooding.  The piping and realignment of streams has 

reduced their overall extent, and stream reaches that have been lined or piped provide very little 

ecological function.  For instance, concrete-lined streams are relatively widespread within Auckland’s 

urban isthmus.  This is an extreme form of modification which creates a smooth, impermeable barrier 

that disconnects the stream from the groundwater system, provides virtually no habitat functions, and 

potentially impedes fish migration.  Poorly designed or installed culverts, weirs, and other in-stream 

structures also reduce the natural values of urban streams and can be particularly h armful to freshwater 

fish when they impede upstream migrations.  The loss of vegetative land cover and its replacement with 

impervious surfaces causes urban streams to have more frequent, larger and flashier, flood flows.  

Consequently, the magnitude and extent of stream bank erosion increases to the point where channel 

stabilisation and widening is often required, further reducing the extent of natural stream channel.  

Armouring with concrete, and other hard-engineering solutions, may in some circumstances represent 

the only feasible measures to stabilise streams. New Zealand freshwater invertebrates (particularly EPT 

taxa) are particularly sensitive to elevated stream temperatures, and are adversely affected by the lack 

of riparian vegetation in urban areas (shade provided by plants performs an important cooling function).  

Fish are also negatively affected by stream temperatures, although to a lesser extent than 

invertebrates.  Urban stream temperatures can also be affected by the discharge of warm water f rom 

stormwater detention ponds, and potentially, directly from hot impervious surfaces.  The effect of these 

factors is exacerbated if impervious land cover reduces base flows due to the inhibition of groundwater 

infiltration and recharge.   

Urban stormwater carries sediment, organic matter, litter and chemical contaminants, which 

accumulates in marine and freshwater receiving environments.  Most of New Zealand’s freshwater fish 

and invertebrates appear to have a relatively high tolerance for elevated sedim ent loads (Rowe et al. 

2002), but sensitivity to other urban contaminants (such as heavy metals) varies widely (Hickey 2000).  

Water and sediment concentrations of major urban stormwater contaminants (i.e. copper, lead, zinc , 

PAHs) exceed guideline values in many (if not most) of Auckland’s urban streams.  Contaminants are 

therefore likely to differentially affect individual freshwater fish and invertebrate species, and 

contribute to the overall degradation of freshwater ecosystems in urban streams.   

The combined effects of physical modifications, stormwater contamination and other urban impacts 

manifest themselves as a marked reduction in the ecological health of Auckland’s urban streams 

(Allibone et al. 2001, Stark and Maxted 2004).  This response is consistent with patterns reported for 

urban streams in many parts of the world (e.g. Walsh et al. 2005). 

Marine pollution by plastics is a global issue due to their environmental persistence, the large volumes 

involved, and their wide dispersal by ocean currents.  Plastics have accumulated in the marine 

environment over the past 50+ years, and are now relatively ubiquitous in the world’s oceans.  They kill 

a range of marine species that ingest or become entangled in them, and act as a vector for the transport 
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of invasive marine organisms (e.g. Moore 2008, Gregory 2009).  Increasingly, concerns are also being 

raised about the effects of potentially toxic additives used in the manufacture of plastic, and about the 

concentration of toxic organic contaminants by plastics (Teuten et al. 2009). 

High suspended and deposited sediment loads pose a serious threat to coastal ecosystems (Airoldi 

2003, Thrush et al. 2004).  Sediment erosion rates increase significantly during urban development, 

when bare earth is exposed during earthworks and construction.  Land erosion rates typically decline as 

the urban catchment is covered by hard, impervious surfaces.  However, coastal sedimentation can still 

occur due to erosion from the remaining permeable surfaces and (re)construction sites, road runoff, 

stream bank and bed erosion, and transport of sediment accumulated in streams during the earthwork 

phase.  Estuary infilling has contributed to the expansion of mangroves, and an associated reduction in 

the extent of other habitats and species.  A shift toward finer estuary sediments can also lead to a 

corresponding faunal species adapted to living in muddy sediments (Thrush et al. 2003b, Gibbs and 

Hewitt 2004, Ellis et al. 2006, Cummings 2007).  Thick sediment deposits (>2 cm deep) rapidly kill most 

benthic macrofauna in soft sediment habitats (Norkko et al. 2002).  Thin deposits (1 – 7 mm) also lead to 

a reduction in species diversity and abundance, even in muddy habitats where species are potentially 

adapted to high sediment loads (Berkenbusch et al. 2001).  Recovery rates after depositional events 

tend to be prolonged, and can take in excess of a year (Norkko et al. 2002).  Suspended sediments also 

affect marine plants and animals by reducing water clarity and light levels, reducing food quality, and 

reducing feeding efficiency.  Consequently, the physiological condition and survival rates of marine 

species frequently decline as suspended sediment concentrations increase (e.g. Hewitt et al. 2001, 

Nichlolls et al. 2003, Ellis et al. 2002, Morrison et al. 2009). 

Sediment concentrations of copper, lead and zinc commonly exceed low level sediment quality 

guideline values in sheltered coastal inlets adjoining older urban catchments in the Auckland Region, 

and copper and zinc concentrations are continuing to display upward trends in many of these areas 

(Reed and Gadd 2009).  The combined results of studies conducted in the Auckland Region suggest that 

elevated contaminant concentrations are affecting the biological health of Auckland’s harbours and 

estuaries.  Monitoring and investigations have confirmed that metal and/or organic contaminants are 

bioavailable and accumulated in the tissues of shellfish, fish, birds and other invertebrates, and that 

body burdens tend to be higher close to urban contaminant sources (Simpson et al. 1996, Thompson 

and Dowding 1999, Diggles et al. 2000, Kelly 2007a).  However, very few toxicological studies have 

investigated the effects of stormwater contaminants in the Auckland Region.  Roper and Hickey (1994) 

showed that copper and chlordane can affect the behaviour and survival of wedge shells (a local 

shellfish species), and Diggles et al. (2000) found a higher incidence of abnormalities (pre-neoplastic 

lesions) in the livers of flounder from contaminated sites.  However, none of the toxicological studies 

that were identified during this review conclusively linked stormwater contamination to toxic effects on 

marine species.   

In contrast, the examination of ecological patterns along contaminant gradients has provided strong 

evidence that stormwater contaminants do affect the composition of benthic macrofaunal 

communities, and that they compound the effects of other environmental stressors (Anderson et al. 

2002, Hewitt et al. 2005, Hewitt et al. 2008, Thrush et al. 2009).  Hewitt et al. (2008), found that rare 

species (which make a large contribution to overall diversity) and large species (which make a 

disproportionately large contribution to ecosystem functions) were especially affected by 
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contaminants.  The biological effects of stormwater contaminants are expected become more 

pronounced as contaminant concentrations increase.  Action taken to reduce the amount of 

contaminants entering streams and the coastal environment could reduce the rate of contaminant 

accumulation and their ultimate concentration in marine sediments.  Accordingly, actions taken now 

will reduce subsequent environmental risk. 
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