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ABSTRACT 
Catchment characteristics that if present concurrently support improvement in 
stream ecosystem health following urban development include riparian vegetation, 
stormwater treatment via raingardens, ponds elevated above the riparian corridor and 
forest trickle irrigation of pond or raingarden overflows. Water Sensitive Urban 
Design has much in common with the New Zealand (NZ) practice, Low Impact Urban 
Design and Development (LIUDD). In New Zealand, both terrestrial and aquatic 
ecosystem protection and re-creation are essential elements of LIUDD. This paper 
reports on comparative NZ catchment studies over 7 years for conventional and 
LIUDD subdivision at low/countryside and average/urban residential densities. 
Catchment characteristics are related to the health of in-stream macro-invertebrate 
communities as indicators of stream and catchment condition. Results for in-stream 
indicators are compared to region-wide values and show the ecological superiority of 
WSUD/LIUDD catchments. Indicators of stream ecological health in treatment 
catchments have improved for two urban streams and up to three countryside 
residential streams during the subdivision and house construction period contrary to 
normal expectations for conventional urban development.  
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INTRODUCTION 
The protection of ecosystem services and downstream water quality, the buffering of 
climate change impacts on catchments, the halting of biodiversity loss, and the 
provision of nature-based recreation opportunities, necessitate the protection and re-
creation of aquatic and terrestrial ecosystems within ‘water sensitive’ or ‘low impact’ 
urban developments. The quality and long-term viability of re-created ecosystems of 
stream and riparian environments in particular, need to be ensured if the objectives 
above are to be achieved. In-stream habitat conditions are largely determined by 
human activities in the stream catchment and, in particular, by land use type and 
intensity, urban form, effective impervious surfaces, riparian corridor condition, 
sewerage systems, and stormwater drainage characteristics. All of these catchment 
characteristics are influenced by LIUDD, the principles and methods of which have 
been outlined, justified, and tested for international applicability (van Roon, 2007, 
2010, 2011a; van Roon and Dixon, 2006; van Roon et al., 2006; van Roon and van 
Roon, 2009). Furthermore, paired catchment studies have been undertaken (van Roon, 
2010) to examine the ecological efficacy and sustainability of the partial 
implementation of LIUDD in residential and countryside living areas in Flat Bush 



(van Roon 2011b), Manukau, New Zealand. The sustainability and maintenance 
requirements of re-vegetation areas within some of these catchments have been 
reported in the previous WSUD conference (van Roon and Rigold, 2012). 
 
This paper provides a comparison between alternative and conventional subdivision 
over time from 2004 to 2012. The paper extends the research itemized in the previous 
paragraph, by providing time series results for the aquatic ecosystem response to 
urban form, subdivision, and valley vegetation retention or re-establishment. As 
development is now nearing completion in most of the catchments and forests 
replanted in 2004 are becoming established, the outcomes for stream ecosystems are 
beginning to show.  
 
METHODS 
Sub-catchment selection: Four urban sub-catchments were selected, three of which 
exhibit varying degrees of LIUDD compliance (Jeffs sub-catchments), including 
existing mature riparian forest, and the fourth (Point View, Figure 1), which is in a 
conventional development form. Six countryside sub-catchments were selected, four 
of which exhibit LIUDD (Regis), a fifth which is conventional but partially re-
vegetated (Tiffany) and the sixth (Redoubt) is in a conventional development form. 
All sub-catchments occur in close proximity and those within each land-use density 
have similar soil, slope and meteorological characteristics. In-stream ecological 
condition: samples were collected and analysed using standard methods for both the 
New Zealand Macroinvertebrate Community Index (MCI) (MfE, 1999) and the 
modified ‘soft-bottom’ MCIsb (ARC, 2004). The Jeffs Norwood sub-catchment was 
sampled above and below a stormwater pond. Sampling, which was concurrent for 
conventional and LIUDD sub-catchments, was undertaken using Protocol C2 (Stark et 
al., 2001). Macroinvertebrates were identified, counted, and taxonomic richness and 
community composition assessed. Species composition was observed, and the 
occurrence and dominance of species, particularly indicators such as Ephemeroptera, 
Plecoptera and Tricoptera (EPT), were noted. Further biotic indices calculated 
included quantitative MCI (QMCI) and quantitative MCIsb (QMCIsb).  
 
RESULTS and DISCUSSION 
The location and character of sub-catchments both urban and countryside are shown 
in Figure 1. The land-use of most sub-catchments as at 2012 closely resembles that 
represented in Figure 1. The Jeffs Sullivans sub-catchment has undergone further 
subdivision in 2011-12 in the locations indicated. Sub-catchment characteristics of 
relevance to receiving-water sensitivity and health are summarised in Table 1. This 
table indicates the degree of residential lot clustering to enable increased common 
open space for re-vegetation; the occurrence of piped or diverted streams, stormwater 
ponds, artificial wetlands, raingardens and forest infiltration of stormwater; the degree 
of imperviousness; the state and width of riparian vegetation and the proportion of 
each sub-catchment in trees. The relative intensity of shading has been used by the 
author in Table 1 to show the degree of LIUDD implementation (van Roon and van 
Roon, 2009, Appendix 1) within sub-catchments. This implementation includes 
attention to urban form and re-vegetation not just at-source stormwater control. 
 
 



 
 
Figure 1: Location and character of sub-catchments. Sources: The Flat Bush Structure Plan (centre of 
Figure) Manukau City Council; Regis concept plan - DJScott Associates. Remaining sub-catchment 
images were prepared for van Roon (2010) by Tamsin Rigold. 
 

 
 Table 1: A summary of some of the LIUDD/WSUD relevant characteristics of the sub-catchments 
compared within urban and countryside residential development clusters respectively. Sites should be 
compared for urban (green) and countryside (red) separately. The intensity of colour is indicative of the 
author’s opinion of the degree of LIUDD implementation within that sub-catchment. The degree of 
implementation relates to criteria set by van Roon and van Roon, 2009 Appendix 1.  
 
The maturity, density, degree indigenous, and proximity of trees to each stream may 
be important also in influencing stream ecosystem response to riparian vegetation 
within residential sub-catchments.  Data for urban sub-catchments only (adapted from 
van Roon 2010), for two tree size classes (Table 2) demonstrates the difference 
between LIUDD and conventional sub-catchments. Equivalent data for the 

 
Lot density Urban average lot 400 – 500m

2 
 Countryside average lot 5000m

2
 

Name, year 
subdivided, 
Clustering of 
houses 

Jeff Sullivan 
2003 –
ongoing, 
cluster 

Jeff 
Norwood 
upper 03 
cluster 

Jeff  
Norwood  
Lower 2003-7 
cluster 

Point 
View 
1980s no 
cluster 

Regis 
2004, 
Houses 
clustered 

Tiffany  
1985,  
no 
cluster 

Redoubt 
1990,  
no cluster 

Area ha 34 14 89 39 17 25 6.5 
Stormwater 
treatment  

Pond upslope 
of riparian to 
stream 

Diverted river diverted 
pond in valley 
wetland then 
to stream 

No treat, 
stream 
piped 

raingarden 
then to  
forest 
infiltration 

No treat;  
overland 
to 
stream 

No treat; 
overland 
to stream 

Long-term 
impervious 

40% 40% 40% 60% 17% 15%  17% 

Riparian 
vegetation- 
metres wide 

Mature 
forest - 70 

Mature 
forest -
89 

Mature forest 
- 79 

Nil Re-  
afforested 
2005 - 100 

Patchy 
forest -
74 

shrub 7 

catchment % 
in trees 2012 

22 20 11 3 60  29 11 

Sub-‐catchments: 
Urban	  as	  at	  2008	  
	  
	  
	  
	  
	  
	  
	  
	  
 
Sub-‐catchments: 
Countryside 
-‐living 

 

 

!

Redoubt 

Further	  
subdivision 
here 2011-12  



countryside sub-catchments is unavailable as the re-vegetation there was too young at 
the time of surveying. 
 

  Jeffs 
Sullivans  

Jeffs Norwood 
Upper & Lower Point View 

Trees > 
10 cm 
diameter 

Number of Species 13 9 7 
% Native Species 100.00 100.00 28.57 
Mean Distance to trees (m) 4.17 2.59 11.74 
Absolute Density (stems/ha) 543.70 1510.48 11.22 
Mean Basal Area (cm2) 681.9 537.5 121.8 
Basal Area/ha (m2/ha) 37.1 81.2 0.1 
Highest Basal Area - single tree 
(cm2) 4301.4 4128.8 238.2 

Trees 2.5 
- 10 cm 
diameter 

Number of Species 13 9 7 
% Native Species 92.31 100.00 14.29 
% Native Individuals 97.37 100.00 21.05 
Mean Distance to trees (m) 6.33 6.66 11.16 
 Absolute Density (stems/ha) 224.61 123.24 24.09 

Table 2: A summary of data on riparian trees in two size classes larger than 2.5 centimetres diameter 
at breast height for urban sub-catchments (adapted from van Roon, 2010). 
 
Of the macroinvertebrate indices determined during this investigation, that which 
most clearly demonstrates the stream ecosystem response is the Quantitative 
Macroinvertebrate Index for soft-bottomed streams (QMCIsb). QMCIsb plotted 
against the year of sampling for each of the four urban sub-catchments is presented 
in Figure 2. 

Figure 2: Urban stream ecological health as indicated by Quantitative Macroinvertebrate Index for 
soft-bottomed streams as determined at intervals between 2005 and 2012.  
 
The Jeffs Norwood upper and lower sub-catchments were not sampled on the first two 
occasions. Point View, the control and the Jeffs Sullivans LIUDD sub-catchment 
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were sampled on all four occasions. Figure 2 illustrates the extreme differences in 
QMCIsb for these sites and this coincides with differences in urban form and 
stormwater treatment. The figure also shows for the Jeffs Norwood sub-catchment the 
decline in QMCIsb that occurs downstream of the stormwater pond overflow and 
artificial wetland even though both upstream and downstream sampling sites were 
located within stretches of stream bordered by wide mature native forest. QMCIsb 
downstream of the pond and wetland is as low or lower than that of the Point View 
fully piped stream with no stormwater treatment suggesting that the presence of this 
form of stormwater treatment and stream diversion has degraded stream ecology as 
much as if the streams had been piped. It has been suggested that water temperature 
increase might account for the ecological effects. However, stream temperatures taken 
at the sampling sites during the surveys up to 2009 (van Roon, 2010 p318) indicated 
an insignificant difference in temperatures upstream versus downstream of the pond.  
 
Scatter diagrams of two stream health indices, MCI and Taxa Number, for Auckland 
urban and Flat Bush Jeffs urban catchments are shown in Figure 3. These illustrate the 
superior stream ecological health within Flat Bush catchments with an alternative 
urban form, in contrast to 35 typical urban streams throughout Auckland that are in a 
similar condition to the Point View piped waterway of Flat Bush. The availability of 
data for the whole Auckland region determined which index was chosen for this 
comparison.  

Figure 3: Plots show the spatial distribution of Macroinvertebrate Community Indices versus the 
Number of Taxa. The upper plot presents data for 35 urban catchments across the Auckland Region 
(adapted from Moore, 2003). This is compared with the lower plot, which presents the same indices at 
the same scales using data generated by the Flat Bush survey for this conference paper for urban sites 
only. Note that Point View is the control catchment in conventional urban development.  
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Results for Quantitative Macroinvertebrate Indices for Countryside Living sub-
catchments are presented below. At Regis, subdivision earthwork that excluded 
stream valleys was carried out in 2004, followed by street landscaping and lot 
grassing. Existing irregularly spaced exotic trees in valleys were not disturbed. 
Seedlings of native trees and wetland species were planted throughout all valleys in 
2005 and show steady growth up to 2012. Also throughout this seven-year period 
houses were constructed each with a raingarden that overflows to the replanted 
valleys. As shown in Figure 4, this coincides with the improvement in stream ecology 
indicated by QMCIsb in all Regis sub-catchments except Regis West, which receives 
effluent from the neighbourhood sewage treatment plant. The control catchments of 
Redoubt and Tiffany with steady-state land use and vegetation and no stormwater 
treatment do not show improvement in stream ecology as indicated by biotic indices, 
including QMCIsb, during this period. The Whitford sub-catchment is a neighbouring 
pastoral site with valley re-vegetation.  
  
 

 
Figure 4: Stream health response over time during subdivision, house and infrastructure construction, 
and re-vegetation in Countryside Living sub-catchments. Stream health response is indicated by 
changes in Quantitative Macroinvertebrate Indices for soft bottomed streams.  
 
CONCLUSIONS 
 Urban catchments that simultaneously have the largest, most mature native trees 
close to streams, the least stormwater input and no stream diversion are the 
catchments that have the highest occurrence of sensitive stream insects and the 
highest biotic index scores. High quality in-stream values were lost following either 
stream piping or from stream diversion accompanied by direct stormwater (wetland) 
pond overflow even when mature forest was present.  
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Indicators of stream ecological health have improved or at least not decreased for two 
urban streams (Jeffs Sullivans and Jeffs Upper Norwood) and up to three countryside-
living streams (Regis North, Regis East and Regis South) during the subdivision and 
house construction period contrary to normal expectations for urban development. 
Stream ecosystem health is influenced by diverse catchment characteristics. 
Those supportive of stream health if present concurrently include a riparian 
vegetation corridor enabled by house clustering, stormwater diversion or 
treatment at source via raingardens, ponds elevated above the riparian corridor 
and forest trickle irrigation of pond or raingarden overflows. Many of the streams 
with the highest ecological values in this survey are ephemeral and these are the 
streams that have in the past been disregarded by resource managers as being of little 
ecological value and therefore permitted to be destroyed or piped.  
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