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Executive Summary 
 
Introduction 
 
The proposed Central Plains Water Enhancement Scheme (CPWS) 
involves abstracting up to 40 m³/s of water from each of the Rakaia and 
Waimakariri Rivers for irrigation.  The CPWS also includes the creation of 
a water storage reservoir in the Waianiwaniwa River valley.  There are 
two proposed water intake points on the Waimakariri River: one 
approximately 2.5 km upstream from the Kowai River confluence (for 
filling the reservoir), and another at the Waimakariri Gorge.  The Rakaia 
River intake will be located 8 km downstream of the Gorge bridge.  Water 
from the CPWS will be used to irrigate up to 60,000 hectares of land 
between the Waimakariri and Rakaia Rivers, the foothills and State 
Highway 1 (SH1).  Fig. 1.1 provides an overview of the CPWS. 
 
This report focuses on periphyton, macrophytes and aquatic invertebrates 
in the area potentially affected by the CPWS, defined here as the land and 
waterways between (and including) the Rakaia and Waimakariri Rivers, 
from the foothills to the coast (excluding Banks Peninsula).  Existing 
biological communities are described and the potential scale and 
significance of effects caused by the construction and operation of the 
CPWS are discussed.  Effects associated with the taking of water from the 
Rakaia and Waimakariri Rivers are not discussed in this report. 
 
 
Existing Environment 
 
Freshwaters within the area potentially affected by the CPWS include a 
diverse range of habitat types that each support a distinct biota, with 
varying degrees of sensitivity to environmental change.  The following 
provides a brief summary of the periphyton, macrophyte and invertebrate 
communities present within the area potentially affected by the CPWS.  
Further description is provided in the body of the report below. 

• The mountain-fed Rakaia and Waimakariri Rivers are dominated by 
“clean water” Ephemeroptera, Plecoptera, and Trichoptera (EPT), 
have high QMCI1 scores, and low macrophyte and periphyton 
biomass.  Riparian wetland seep areas are hotspots of biodiversity.  
High flood frequency, coarse stony sediments and the low level of 
nutrient enrichment are all important factors influencing the biota. 

• Foothills-fed streams, including those in the Waianiwaniwa valley, 
have a greater diversity and biomass of periphyton and 
macrophytes.  However, invertebrate communities have fewer EPT 
taxa, lower QMCI scores and are more dominated by caddisflies 
and molluscs.  Flow intermittency, agricultural landuse, nutrient 
enrichment and lack of riparian shading are all factors limiting these 
communities. 

                                                 
1 QMCI is the Quantitative Macroinvertebrate Community Index.  High QMCI 
scores indicate that the invertebrate community is dominated by species that 
favour stony bottomed streams with good water quality. 
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• Wetlands and lowland streams have the greatest biomass and 
cover of periphyton and macrophyte communities, and have a 
relatively pollution-tolerant invertebrate fauna.  Low flows, intensive 
catchment development (pastoral and urban), fine sediments, lack 
of riparian shade, and macrophyte clearance all influence lowland 
stream communities. 

• In Lake Ellesmere, high turbidity and wave action greatly limit 
diversity of benthic algae, macrophytes, and invertebrates.  
However, phytoplankton biomass is extremely high compared to 
other lakes in New Zealand, due to high nutrient concentrations.  
High nutrient levels, intensive agricultural landuse (including grazing 
up to the water edge), high wind exposure, high turbidity, and 
regular artificial lake openings all influence existing biological 
communities within the lake. 

• Groundwaters most likely support an abundant and diverse fauna 
throughout the PEA, but their biota are less studied than surface 
waters.  Limited sampling to date indicates groundwater fauna in the 
area are dominated by crustaceans, and that the fauna is probably 
limited by available organic matter (food). 

 
 
Assessment of Effects 
 
Construction effects generally relate to sediment control near surface 
waterbodies, and these effects can largely be mitigated using appropriate 
sediment control measures and by minimising works in the bed of flowing 
or still water habitats.   
 
Inundation of the Waianiwaniwa valley will result in the elimination of 
existing low-quality flowing water habitat, and the creation of relatively low 
quality still-water aquatic habitat.  Large annual fluctuations in water level 
(in the order of 11 m) will be a primary limiting factor for the biota.  There 
is the potential for blue-green algal blooms to occur in the reservoir. 
 
The new canals and water races formed as part of the CPWS will create 
new flowing water habitat that is uncommon throughout the Central Plains 
area.  The swift-flowing and stony nature of the larger canals and water 
races would support thin periphyton films and clean-water invertebrate 
taxa such as Deleatidium mayflies and caddisflies, while lower flows in the 
smaller races may favour snails and dipterans, and macrophytes may be 
more common.  Well-maintained fencing and riparian buffer strips will 
minimise the potential adverse effects of stock access and sedimentation 
on aquatic habitat. 
 
Operational effects of the CPWS mainly comprise effects related to 
discharge of irrigation bywash and effects associated with landuse 
intensification.  Irrigation bywash may enter the Waimakariri, Rakaia, and 
Selwyn Rivers.  Irrigation bywash water quality will generally be good, but 
may be reduced during times of low river flow, when irrigation water is 
primarily being sourced from the Waianiwaniwa reservoir and if reservoir 
water levels are low at the time.  However, wetland treatment of 
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operational bywash water would improve discharge water quality and 
avoid any potential adverse effects on periphyton, macrophyte or 
invertebrate communities.  Effects of infrequent emergency bywash 
discharges on biological communities are likely to be minor and short-
lived in the Rakaia, Waimakariri, or Selwyn Rivers.  
 
Physical effects of landuse intensification mainly include increased 
sediment and phosphorus runoff, which could adversely affect aquatic 
biological communities.  Wetlands, and the Hororata and Selwyn Rivers 
are considered the most sensitive to these effects.  For the CPWS, the 
potential impact of landuse intensification on waterways could be avoided 
through use of sustainable land management practices.  These include 
keeping stock out of waterways, maintaining an adequate riparian buffer 
and using nutrient budgeting to minimise loss of nutrients to surface 
waters.  It has been proposed that all recipients of water from the CPWS 
will be required to abide by an irrigation scheme sustainability code of 
practice that is currently being developed with funding from the 
Sustainable Farming Fund.  If sustainable land management practices are 
implemented as part of the CPWS, then the effects of landuse 
intensification on runoff, water quality, and benthic ecology will be minor.  
It is possible that with improved riparian management, existing water 
quality and benthic ecological health could in fact improve. 
 
Increased irrigation will increase groundwater levels and stream flow 
downgradient of the CPWS irrigation area, and water level increases will 
be most pronounced directly downgradient, in the Irwell and Selwyn River 
area.  Any increases in groundwater levels would also increase benthic 
habitat availability in streams and wetlands, and increased freshwater 
inflow into Lake Ellesmere is considered unlikely to adversely affect 
periphyton, macrophyte and invertebrate communities present. 
 
In the absence of any mitigation, increased baseflow concentrations of 
nitrate-N are expected in streams downgradient of the CPWS irrigation 
area.  Nutrient enrichment effects of nitrate (e.g., increased proliferations 
of periphyton) are considered unlikely, as nitrate-N concentrations already 
exceed guidelines for nuisance growths in most streams.  However, 
based on conservative guideline values, and without any mitigation, the 
potential for nitrate toxicity to invertebrates will increase in the Selwyn 
River.  There is also a risk that elevated nutrients may stimulate growth of 
the toxic dinoflagellate Pfiesteria in Lake Ellesmere.  Although the 
likelihood of nitrate toxicity is low (no toxic events have been recorded to 
date, despite high nitrate concentrations in some waterways), the potential 
consequences of nitrate toxicity on aquatic ecosystems down gradient of 
the CPWS irrigation area are significant.  As mentioned above, the 
Central Plains Water Trust has proposed that all users of water from the 
CPWS will employ sustainable land management practices, such as 
nutrient budgeting.  Provided land is used in a sustainable manner with 
the irrigation area, then effects of the CPWS on nutrients in lowland 
streams and Lake Ellesmere will be minimised, and the risk of nitrate 
toxicity will be less than minor.   
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1. Introduction 
1.1 The Central Plains Water Enhancement Scheme 

The proposed Central Plains Water Enhancement Scheme (CPWS) 
involves abstracting up to a maximum of 40 m3/s of water from the 
Waimakariri River and 20 m3/s from the Rakaia River, and distribution to 
an irrigation supply area via an open level headrace 235 m above sea 
level (asl) and a water race network.  The CPWS also incorporates a 
water storage component in the Waianiwaniwa River valley.  The purpose 
of the Waianiwaniwa dam is to store water from the Waimakariri River, to 
be used for irrigation when minimum flow restrictions limit the taking of 
water from either or both of these rivers.  The dam structure will be up to 
55 m high and the maximum reservoir water level behind the dam will be 
280 m asl, with a minimum water level of 246.1 m asl. 
 
The CPWS irrigation supply area is bound by the Waimakariri River to the 
north-east, the Rakaia River to the south-west, the Canterbury foothills to 
the north-west and State Highway 1 (SH1) to the south-east (Fig. 1.1).  
There are two proposed water intake points on the Waimakariri River: one 
approximately 2.5 km upstream from the Kowai River confluence, and 
another at the Waimakariri Gorge.  The Rakaia River intake will be located 
8 km downstream of the Gorge Bridge. 
 
This report is one of a series of technical reports to support the 
Assessment of Environmental Effects (AEE) for consents lodged by URS 
Ltd on behalf of Central Plains Water Ltd (CPWL).  Technical reports of 
direct relevance to this report are shown in Table 1.1 below. 
 
 
Table 1.1: Technical reports prepared for the AEE. 

Report Name Topics Covered Author/citation 

Instream habitat Surface waterbody depths and widths, 
sediments, shading, flow-habitat 
relationships. 

Kingett Mitchell 2006a   

Surface water quality Nutrients, suspended sediments, 
turbidity, faecal indicator bacteria, 
agricultural and urban contaminants. 

Kingett Mitchell 2006b 

Aquatic algae, macrophytes and 
invertebrates 

Periphyton, phytoplankton, 
macrophytes, benthic invertebrates, 
zooplankton. 

Kingett Mitchell 2006c   

Fish and recreation Native and introduced fish, recreation 
values. 

Kingett Mitchell 2006d   

Terrestrial ecology Riparian and wetland plants, riparian 
fauna.  Heritage, historical and cultural 
sites in the Waianiwaniwa River valley. 

Kingett Mitchell 2006e   

Groundwater effects Effects on groundwater quality and 
quantity 

Aqualinc 2006 

Cultural Impact Assessment Impacts of CPWS on Ngai Tahu values. Jolly 2005 
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1.2 Scope of this Report 

This report focuses on freshwater algae, macrophytes and invertebrate 
communities in the CPWS “potential effects area”.  The potentially 
affected area (PEA) is defined as the land and waterways between (and 
including) the Rakaia and Waimakariri Rivers, from the foothills to the 
coast (excluding Banks Peninsula).   
 
This report covers the following topics: 

• Description of existing aquatic invertebrate and plant communities, 
their relative values, their relative sensitivity to environmental 
change, and the state and any trends in their ecological health. 

• Discussion of the scale and significance of potential effects caused 
by construction and operation of the CPWS. 

• Recommended mitigation measures, adaptive management 
approaches and monitoring. 

 
Effects caused by the taking of water from the Rakaia and Waimakariri 
Rivers were addressed as part of the respective water permit applications 
and are not discussed in any detail in this report.  Therefore, effects in 
the Rakaia and Waimakariri Rivers are mostly restricted to those 
associated with construction, water intake and discharge points, and any 
effects of the use of water, primarily focussing on riparian wetlands, 
seeps and minor braids.   
 
Description of the environment has included a combination of existing 
databases, literature review and recent fieldwork (see Section 2 for further 
detail).  Environmental effects assessment has been based on a review of 
literature combined with knowledge of the ecological state and sensitivity 
of the environment.  There are a number of areas of overlap between this 
report and other technical reports being provided with the AEE (see 
Table 1.1).   
 
It should be noted that the effects assessment in this report is primarily 
limited to “non-human” environmental effects, and as such economic 
benefits or costs or human health issues are outside of the report scope.  
The only exception is where aspects of the CPWS affect invertebrate, 
algal or macrophyte communities, which might then impact on human 
health (e.g., proliferation of toxic blue-green algae). 
 
It should also be noted that the intent of this report is to provide sufficient 
description of the potentially affected environment and the potential 
effects of the CPWS on the environment, for interested parties and for 
decision-makers to be able to publicly notify the consents applied for.  
Thus, the intention for this report is to ensure all potential issues are 
covered and the scale of potential effects discussed.  Some further 
description and environmental assessment may be undertaken following 
consent lodgement and stakeholder consultation. 
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2. Methodology 
2.1 Existing Environment 

Invertebrate, algal and macrophyte communities and their habitats within 
the PEA were described using a combination of existing databases, 
unpublished reports, and published scientific literature.  Additional 
fieldwork and data collection was undertaken in spring (late August and 
September) 2005 to fill information gaps for waterbodies with little or no 
existing information, and to complement existing data. 
 
 

2.1.1 Environment Canterbury Data 

A particularly useful information source was Environment Canterbury’s 
(ECan) State of the Environment monitoring database.  ECan has 
collected stream invertebrates and made notes on instream habitat and 
periphyton cover annually, at a large number of sites throughout the 
region since summer 1999/2000.  ECan data were summarised according 
to their “source of flow” categories, which are similar to the River 
Environment Classification (REC) (Snelder & Biggs 2002), but have been 
refined based on local knowledge and professional judgement.  The most 
significant point of difference between the two classifications for this report 
is that the REC classifies most of the Selwyn River into its lowland river 
category, whereas the Selwyn River is classified as a foothills-fed river 
throughout its entire length by ECan (Meredith et al. 2003).  In this report 
the upper Selwyn River sampling sites have been grouped with other 
foothills streams, while the lower Selwyn sites (i.e., downstream of SH1) 
are grouped in the lowland streams category, reflecting the predominant 
source of baseflow for the upper and lower reaches of the river. 
 
Full details of ECan biomonitoring protocols are described in Meredith 
et al. (2003).  Briefly, ECan biomonitoring is typically undertaken during 
summer baseflow conditions.  Benthic invertebrates are collected from 
“run” habitat (between pool and riffle habitat) using a semi-quantitative 
kicknet method, and are sorted in the laboratory using the fixed count 
(100 individuals) plus scan for rare taxa method.   
 
Invertebrate data for each ECan biomonitoring site was summarised using 
the following commonly-used indices of invertebrate community health 
and biodiversity: 
 
 
Taxa Richness – The number of invertebrate taxa present in each 
sample.  This is a general indicator of biodiversity, but may still be high in 
nutrient-enriched streams. 
 
 
Quantitative Macroinvertebrate Community Index (QMCI) – An index 
of organic pollution in stony streams (Stark 1985).  Taxa are assigned an 
MCI score from 1 to 10 depending on their tolerance to organic pollution 
(1 being most tolerant); taxa scores are weighted by their relative 
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abundance and are summed for a sample.  The QMCI is calculated as 
follows: 
 

 ∑= N
anQMCI ii )(

 

      
 Where: ai = the sum of individual taxon scores in a sample.  
  ni = the number of individuals in the ith taxon. 
  N = total number of individuals 
 
Higher QMCI scores indicate higher quality water in stony streams.  
Scores are lower in soft-bottomed streams, as the low-scoring pollution-
sensitive taxa also typically favour coarse bed sediments.  Therefore, low 
QMCI scores may indicate either poor water quality and/or habitat.  
Scores can be interpreted in the context of national guidelines for water 
quality (Table 2.1).   
 
 
Table 2.1: Interpretation of MCI and QMCI values from stony riffles 

(from Boothroyd and Stark, 2000). 
Water Quality QMCI 

Clean water > 6 

Doubtful quality or possible mild pollution 5 – 6 

Probable moderate pollution 4 – 5 

Probable severe enrichment < 4 
 
 
EPT Taxa Richness – The number of Ephemeroptera, Plecoptera, and 
Trichoptera (EPT) taxa in a sample.  EPT taxa are sensitive to changes in 
water and habitat quality, with high EPT richness indicating good water 
and habitat quality.   
 
 
% EPT Abundance – The relative abundance of EPT taxa in a sample.  
Higher %EPT abundance is indicative of good water and habitat quality.   
 
ECan also collect quantitative data on periphyton community composition 
and abundance, using a variant of the Rapid Assessment Method 2 
(RAM-2) of Biggs & Kilroy (2000).  Briefly, percent periphyton cover is 
estimated for individual stones and then summed for each site.  
Periphyton composition is assessed according to the following categories 
(from Biggs & Kilroy 2000): 

• Thin films (< 0.5 mm). 

• Medium mats (0.5-3.0 mm). 

• Thick mats (> 3.0 mm). 

• Short filaments (< 2 cm). 

• Long filaments (> 2 cm). 
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Periphyton films and mats are classified as being green, light brown or 
dark brown/black, while filamentous forms were classified as either green 
or brown/red (Biggs & Kilroy 2000).   
 
This RAM-2 method also allows calculation of a periphyton cover score 
that can be compared statistically among reference and potentially 
impacted sites.  Periphyton cover scores range from 1 to 10, with low 
scores indicating low nutrient enrichment and high scores suggesting 
nutrient enrichment.  See Appendix 1 for a more detailed description of 
RAM-2 cover score interpretation.   
 
For each ECan monitoring site, Kingett Mitchell calculated mean values 
for percent cover with thick mats (>3 mm thick), percent cover with long 
green or brown filaments (>2 cm long), and the periphyton cover score.  
Cover scores for thick mats and long filaments were compared to national 
periphyton guidelines (Biggs & Kilroy 2000), which recommend the 
following limits on streambed periphyton cover: 

1. Protection of aesthetics/recreation: 
• <30% cover with long filaments >2 cm long. 
• <60% cover with thick mats >3 mm thick. 

2. Protection of trout habitat:   
• <30% cover with long filaments >2 cm long. 

 
Mean invertebrate and periphyton index scores were calculated for each 
ECan biomonitoring site for the entire monitoring record (maximum of 
5 years of record).  To minimise any potential bias, particularly towards 
one-off impact assessments, only sites with three or more sampling 
occasions were included in the invertebrate and periphyton data 
summary.  The number of sampling occasions ranged from 3 to 15, 
depending on the site. 
 
 

2.1.2 National River Water Quality Network Data 

There are two New Zealand River Water Quality Network (NZRWQN) 
monitoring sites on the Waimakariri River: the upstream Gorge Bridge 
(Site CH3) and the downstream Old Highway Bridge (CH4).  Invertebrate 
data from 1989-2003 (i.e., all available data) was obtained for sites CH3 
and CH4 from NIWA.  Invertebrate abundance, taxa richness %EPT and 
QMCI indices were calculated for each site.  Following inspection for 
normality, paired T-tests were used to compare invertebrate index 
differences between the upstream and downstream monitoring sites, to 
determine whether there is any deterioration in invertebrate community 
health with distance downstream. 
 
Invertebrate data were available for Gorge Bridge (Site CH3) and Old 
Highway Bridge (CH4), and flow data for Old Highway Bridge from 
1989-2001.  To assess the relationship between flood frequency and 
invertebrate communities, Kingett Mitchell calculated the number of floods 
(3 x median flow; FRE3) and “freshes” (1.5 x median; FRE1.5) for the six 
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Table 3.1: Flow statistics for Waimakariri River at Old Highway 
Bridge and Rakaia River at Fighting Hill gauging sites 
(1967- 2001). 

Flow Statistic Waimakariri 
(m3/s) 

Rakaia 
(m3/s) 

Mean Flow  122 221 

Median 90 159 

Mean Annual 7-day low flow 40 92 

Mean Annual Flood 1495 2514 

Note: Mean data from ECan.  Mean annual 7-day low flow data are indicative only.  
Median data calculated from data supplied by URS Ltd. 

 
 

3.2.2 Minor Braids 

Periphyton communities of minor braids sampled in spring 2005 were 
dominated by thin green or brown films (<0.5 mm thick).  Unsightly thick 
mats (>3 mm) or long filaments (>2 cm long) were uncommon and 
comprised ≤5% streambed cover at all sites except WB2 (Waimakariri 
River at Weedons Road), which had 10% cover with thick green mats.  
Similarly, ECan monitoring data indicates that thick mats and long 
filaments typically cover <5% of total periphyton cover in mountain-
sourced rivers (mean of 30 rivers).   
 
Minor braids in the Waimakariri River were dominated by green 
filamentous periphyton communities including Oedogonium spp. and 
Stigeoclonium spp.  A number of diatom species were also present 
including Synedra ulna var. rumpens which was recorded as a dominant 
species.  Periphyton communities in the minor braids of the Rakaia River 
were dominated by species similar to the Waimakariri River (Oedogonium 
and Synedra ulna var rumpens).  The green filamentous alga Mougeotia 
spp. and the diatom Gomphonema spp. were also recorded as dominant 
species. 
 
The green algae Oedogonium spp. and Mougeotia spp., and the diatoms 
Synedra ulna var. rumpens and Gomphonema spp. are all indicators of a 
mesotrophic conditions (Biggs 2000).  The minor braids would usually be 
expected to be dominated by periphyton species more typical of an 
oligotrophic habitat due to the river being the predominate source of water 
in the minor braids (rather than groundwater).  However, sampling was 
carried out after an unusually long period of low flow which may in part 
explain the dominance by mesotrophic indicator species.   
 
Given the low cover with thick mats and long filaments, nuisance growths 
of periphyton are unlikely to occur during typical or low flow conditions in 
minor braid habitats of these rivers. 
 
No macrophytes were observed at any of the minor braid sites in either 
the Rakaia or Waimakariri Rivers.   
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Benthic invertebrate communities of most of the minor braids sampled in 
spring 2005 were dominated by the common mayfly Deleatidium, which 
comprised >70% of total abundance at five of the six sites (see 
Appendix 2 for full taxa list).  The exception was RB2 (Rakaia River at 
SH1), which was on the edge of the floodplain, relatively stable, and had 
50% shading (all the other sites had none).  Greater flow stability in RB2 
was reflected in the greater abundance of less mobile taxa, particularly 
the cased caddisfly Pycnocentrodes and the net-spinning caddisfly 
Aoteapsyche.  
 
The high abundance of pollution-sensitive invertebrate taxa (mainly 
Deleatidium) is reflected in the high QMCI scores at most of the minor 
braid sites, and is indicative of relatively “clean water” (Figs. 3.1 and 3.2).  
QMCI and taxa richness were higher than average for Canterbury 
mountain-fed rivers in the Waimakariri River minor braids, and were 
generally comparable to average values for the Rakaia River sites 
(Fig. 3.1).   
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Note: Horizontal lines indicate pollution categories. 
 W prefix = Waimakariri River; R prefix = Rakaia River (both = KML data). 
 CH3 = Gorge Bridge; CH4 = Old Highway Bridge (both NIWA data). 
 Values above bars indicate taxa richness (mean for ECan and NIWA data). 
 ECan = mean for Canterbury mountain-fed rivers (n = 30 sites). 
 Error bars = ± 1 standard error. 

Fig. 3.1: QMCI scores for minor braid sites in the Waimakariri and 
Rakaia Rivers. 

 
 
Both NZRWQN sites on the Waimakariri River are dominated by 
Deleatidium, although chironomid larvae often become abundant during 
periods of stable flow, resulting in lower QMCI scores (Fig. 3.1).  There 
was no significant difference (paired T-test p>0.05) between invertebrate 
abundance, taxa richness, %EPT or QMCI scores at the upstream (CH3) 
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and downstream (CH4) Waimakariri River sites for the 14 years of 
available data.  Therefore, NRWQN invertebrate data collected from braid 
habitats indicate no decline in invertebrate community health with distance 
downstream in the Waimakariri River.  
 
 

3.2.3 Seeps 

In braided rivers, reworking of the braided channel network during floods 
results in a mosaic of surface water habitats, ranging from frequently 
disturbed major braids that carry the majority of surface flow and have 
little riparian vegetation cover, through to groundwater fed seeps at the 
edge of the active channel that are infrequently disturbed and may have a 
well-developed canopy of riparian vegetation.  Low flood disturbance 
frequency and predominantly nutrient-rich groundwater inflows mean that 
seeps are often hotspots of biodiversity and productivity for periphyton 
and invertebrate communities (Stanford et al. 2005). 
 
Invertebrate production estimates from the Rakaia and Waimakariri Rivers 
indicate that seepage habitats are about four times as productive (per m2) 
as major or minor braids (Hughey et al. 1989; Digby 1999).  Total 
invertebrate production in seep-fed streams were very similar in the 
Waimakariri River (8.3 g DW/m2/yr) and in the Rakaia River (3.2-10.3 g 
DW/m2/yr).  While Deleatidium mayflies were generally the most abundant 
group across habitat types in both rivers, the abundance of Aoteapsyche 
and chironomid larvae were much higher in the Rakaia perennial seep 
streams (Digby 1999).  Kingett Mitchell found Aoteapsyche were 
abundant at Site RB2 (Rakaia River at SH1), although chironomids were 
relatively uncommon.  The lack of chironomids at RB2 was probably due 
to a combination of low periphyton biomass due to good riparian shade 
and seasonal population dynamics.   
 
In a study of braided river habitats (braids, seeps and groundwater) at 
three locations in the Waimakariri River (upper, middle and lower 
catchment), springs and spring-fed streams contained the most diverse 
invertebrate fauna, and 45 of the taxa found were restricted to these 
habitats (Kilroy et al. 2004).  In the same study, diatoms were the most 
diverse type of alga, accounting for 65 of the 99 algae species found.  
About 20% of the diatom species made up a river-wide diatom flora that 
occurred at all three sites and in all habitats.  Over 25% of all the algal 
taxa found were exclusive to spring streams.  Thus, spring-fed stream 
tributaries of the Waimakariri River are hotspots of biodiversity. 
 
Using aerial photographs taken in the Crossbank area (near Coutts 
Island), Duncan (2001) found seepage areas comprised 3% of total 
wetted area of Waimakariri River at a flow of 63 m3/s (between mean flow 
and 7-day MALF).  Of this seep habitat, about 1% of the area was 
dominated by fine sediments, and the remaining 2% was comprised of 
gravel or cobble substrates that were relatively free of silt and sand, 
where the majority of invertebrate productivity would occur.  This suggests 
that although spring-fed channels harbour high invertebrate productivity, 
they are relatively uncommon in the lower Waimakariri River.  
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3.2.4 Relationship between Flow and Biota 

There was no significant relationship between flood/fresh frequency or 
accrual period and invertebrate indices at Site CH3, or differences in 
index scores between CH3 and CH4 (P>0.05).  There were also no 
significant correlations between FRE3 flood frequency and accrual period 
length and any invertebrate index at any of the sites.  There was, 
however, a weak but statistically significant positive correlation between 
QMCI score and FRE1.5 flood frequency, and a negative correlation 
between QMCI score and FRE1.5 accrual length (Table 3.2).   
 
Figs. 3.3 and 3.4 show that all sampling occasions with QMCI scores 
above 6 (indicating invertebrate communities dominated by “clean water” 
taxa) had >10 FRE1.5 freshes in the preceding six month period, and that 
there were <30 days since the last fresh.  However, the plots also show 
the large amount of variability in QMCI scores for a given accrual period 
or FRE1.5 fresh frequency.  These data suggest that while the frequency 
of small floods is important in structuring invertebrate communities in the 
Waimakariri River, the relationship is not particularly strong. 
 
 
Table 3.2: Correlations between invertebrate indices and flow for 

the Waimakariri River Old Highway monitoring site.   
Flow Variable Density Taxa 

Richness 
%EPT QMCI 

Days since flood1 0.37 0.21 -0.06 -0.25 

Number of floods  -0.30 -0.04 0.15 0.22 

Days since fresh2 0.37 0.45 -0.52 -0.69* 

Number of freshes -0.38 -0.35 0.46 0.60* 

Notes: 1,2 A flood is defined as 3 x median flow and a fresh is 1.5 x median flow. 
  * Indicates significant Spearman rank correlations 
  Flow statistics from the six month period prior to invertebrate sampling. 
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important refuge for caddisfly larvae during intermittency, and that their 
value as a refuge increases with reduced flow permanence. 
 
 
Periphyton 
 
Periphyton communities mainly comprised thin brown or green films, and 
thick mats or long filaments comprised <5% streambed cover, in the two 
Hororata River sites, and in the Selwyn River (at Coalgate), visited in 
spring 2005.  These sites have a greater degree of flow permanence than 
the other tributaries, and plant-available nutrients are relatively low.   
 
The Hawkins River had surface flow from upstream of Auchenflower Road 
on 9 September 2005, and periphyton communities were dominated by 
medium thickness green mats and thin brown films at the Deans Road 
Bridge.  At the stream terminus, about 50 m upstream of Auchenflower 
Road, the streambed was covered with short green filamentous algae.  
Low stream shade, coupled with elevated nutrient concentrations (Kingett 
Mitchell 2006b) and low spring stream flows all contribute to greater 
periphyton productivity compared to the upper Selwyn or Hororata Rivers.   
 
Blacks Stream, a tributary of the Waianiwaniwa River, had no surface flow 
at Auchenflower Road when visited on 9 September 2005.  However, the 
stream is likely to have surface flow when groundwater levels are 
elevated, as there was little terrestrial vegetation present in the stream 
channel.  Blacks Stream upstream of Auchenflower Road is the site of a 
current native vegetation restoration project.  
 
Periphyton sampling in late summer 2006 revealed that the upland 
waterbodies had periphyton communities comprised of more diatom 
species than filamentous species.  The most commonly recorded species 
were Gomphoneis minuta var. cassiae, Gomphonema spp., Melosira 
varians, and Synedra ulna which were recorded at five or six (Synedra 
ulna) of the six upland waterbody sites.  These species are all indicators 
of mesotrophic conditions (Biggs 2000). 
 
 
Macrophytes 
 
In spring, macrophyte cover was low (5%), and mainly comprised of 
Glyceria maxima (an exotic species) with some watercress, in the 
Hororata River at SH77 (Site WS).  Further downstream at Board Road 
(Site HO), macrophyte cover was slightly greater (20%) and was 
dominated by watercress and Mimulus (musk).  There was only 20-30% 
shading at these sites, and nutrients are unlikely to be limiting (Kingett 
Mitchell 2006b), so flood frequency is probably too high in the upper 
reaches, and flow permanence too low in the lower reaches, to support 
high macrophyte biomass.  The predominantly stony substrata would also 
be generally unfavourable for macrophyte colonisation.  Pockets of high 
macrophyte cover and biomass do occur in some of the more stable 
spring-fed minor tributaries of the Hororata, Selwyn and Hawkins Rivers. 
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Invertebrates 
 
Hororata River invertebrate communities sampled in spring 2005 were 
dominated by caddisflies, the common mayfly Deleatidium and the 
common snail Potamopyrgus antipodarum.  Taxa richness was high at the 
two sites surveyed (24-27 taxa per site), and EPT taxa comprised about 
half of total taxa richness.  Caddisflies were the most diverse group and 
were dominated by the cased caddises Pycnocentrodes, Pycnocentria 
and Olinga, and the net-spinning caddis Aoteapsyche.  The Board Road 
Site (Site HO) had a greater proportion of Deleatidium and 
Pycnocentrodes than the SH77 site, and this was reflected in a higher 
QMCI score at Site HO compared to Site WS (Fig. 3.5). 
 
ECan invertebrate monitoring data indicate that, based on QMCI values,  
the upper Selwyn River (at Whitecliffs) has the greatest invertebrate 
community health (mean QMCI of 6.9), the Hororata (at SH77) is 
intermediate (4.1), and the Hawkins River (at Deans Road) the lowest 
(3.6).  Of these three rivers, the Hawkins has shown the greatest variation 
in invertebrate community composition from year to year, with the fauna 
often dominated by chironomids, snails and oligochaete worms, but in 
some years it is dominated by caddisflies and mayflies.  High nutrient 
concentrations (Kingett Mitchell 2006b), low stream shade, moderate 
periphyton development and extended periods of very low flow probably 
all contribute to the low and variable QMCI scores in the Hawkins River 
compared to the Selwyn and Hororata Rivers. 
 
 

3.4.2 Water Races 

Water race networks that traverse the PEA carry water from the Rakaia, 
Waimakariri and Selwyn Rivers and their tributaries.  Because water races 
are artificially created, they are often disregarded in assessments of 
ecological value.  However, water races can represent an important 
source of aquatic biological diversity and may serve as migratory corridors 
in modified landscapes such as the Canterbury Plains.  At their 
downstream ends, there are a number of small “bywash” discharges, 
where the water remaining in the race downstream of the last water 
abstractor is either discharged into ground or into surface water bodies 
(e.g., the headwaters of numerous Lake Ellesmere tributary streams).   
 
The Paparua irrigation scheme abstracts water from the Waimakariri River 
and distributes it via an open water race network over 43,000 ha from the 
Waimakariri River south to Lincoln.  A biological survey of 15 sites 
throughout the Paparua scheme found a total of 29 aquatic plant species 
(10 native) and 35 invertebrate taxa (McMurtrie et al. 1997).  The most 
common macrophyte taxa were Lemna minor (duckweed) and Azolla 
(floating fern); Myriophyllum propinqum (milfoil) was uncommon and 
charophytes were found at a single site.  The snail Potamopyrgus 
antipodarum was the most abundant and widespread invertebrate taxon, 
while cased caddisflies and dipterans were also abundant.  Habitat and 
pollution-sensitive mayflies and stoneflies were relatively uncommon.  
Invertebrate community health was greatest at sites with sufficient cover 
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with riparian vegetation, high water velocities and minimal fine sediment 
deposition (McMurtrie et al. 1997). 
 
Water race periphyton communities were sampled in late summer 2006 at 
three sites in the Malvern and Ellesmere stock water race systems (see 
Kingett Mitchell 2006b for site descriptions).  Periphyton communities in 
the intake water race sampling sites (W2U and W3U) were dominated by 
the red alga Audouinella.  Red algae were not recorded at the 
downstream outlet site (W3D) where green filaments (Spirogyra) were 
recorded as the dominant species.  Audouinella is a good indicator of 
oligotrophic to mesotrophic conditions whereas Spirogyra indicates 
mesotrophic conditions (Biggs 2000).  Thus, the habitat within the water 
race systems changes from oligotrophic in the upper intake reaches 
(reflecting the low nutrient status of the river sources), but tends towards 
mesotrophic in the downstream outlet reaches of the race system.  The 
downstream change in trophic state is due to the cumulative effects of 
agricultural landuse on water quality, particularly nutrients (Kingett Mitchell 
2006b). 
 
 
McMurtrie et al. (1997) recommended that water race management 
guidelines should consider the following: 

• Maintaining intact riparian vegetation. 

• Maintaining a dense strip of riparian vegetation on one bank.  
Keeping the other bank open allows access to the race. 

• Use of low-impact methods for removing race spoil (fine sediment). 

• Minimise direct stock access to the races. 

• Minimise use of herbicides in the vicinity of races. 
 
In the predominantly rural south-west area of Christchurch, EOS Ecology 
et al. (2005) found that of 21 stream sites surveyed, the only site that 
contained mayflies was fed by the Paparua water race network.  It was 
suggested that because of the lack of undeveloped headwaters, mayflies 
drifting downstream from the Waimakariri River may be a significant 
source of colonists for the area.  Thus, while water races have low 
ecological values compared to pristine forested streams, they may provide 
an important source of aquatic biodiversity in the Canterbury Plains.    
 
 

3.4.3 Summary 

Biological communities of foothills-fed streams within the PEA are affected 
to varying degrees by flow intermittency, agricultural landuse, nutrient 
enrichment and lack of riparian shading.  Macrophyte cover is generally 
relatively low, most likely due to a mixture of flood disturbance and 
predominantly stony substrata, as nutrient concentrations are generally 
high enough to not limit growth.  Periphyton biomass can get relatively 
high in streams such as the Hawkins River, following sustained periods of 
low flows.  Invertebrate communities are mostly dominated by caddisflies 
and molluscs.  Based on QMCI scores, invertebrate community health is 
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greatest in the upper Selwyn River (at Whitecliffs), and in the mid-lower 
reaches of the Hororata River; both sites typically have QMCI scores >6, 
which is higher than average values for foothills-fed streams in Canterbury 
(mean = 5.8).  Water races have comparatively low values compared to 
perennial reaches of foothills-fed streams, but are an important source of 
aquatic biodiversity in the central plains area, where natural streams are 
often dry. 
 
The upper Selwyn River (from Coalgate upstream) and the Hororata River 
have a high degree of flow permanence and flow variability, and their 
biological communities are considered to be moderately sensitive to 
increases in nutrients or sedimentation caused by landuse intensification, 
or reduced flow.  Benthic communities of the Hawkins River, Blacks 
Stream and more intermittent reaches of the Selwyn River are probably 
more tolerant of environmental change.   
 
 

3.5 Lowland Streams 

3.5.1 Introduction 

Lowland streams (including “drains”) within the PEA arise to the south of 
SH1 and east of Burnham, and most have headwaters originating at 
<60 m asl.  Their spring-fed headwaters coincide with the edge of the 
surface confining layer of the first alluvial aquifer.  With some exceptions, 
the majority of the lowland streams are characterised by very stable, 
spring-fed flows.  An exception is the Selwyn River; its hydrology is unique 
amongst lowland streams in the PEA, as it is primarily groundwater-fed 
during baseflow conditions, but is fed by foothills-derived surface flow 
when high rainfall coincides with high groundwater levels.  Other 
exceptions are lowland streams with a significant proportion of urban 
landuse (e.g., the Avon and Heathcote Rivers) and hence a greater 
proportion of hard-standing surfaces (roads, buildings etc); these streams 
have lower baseflows and more flashy or peaked hydrographs than 
similar streams with little urbanisation in the catchment.  River flows are 
influenced by groundwater recharge, which is sourced mainly sourced 
from rainfall, but river-recharge becomes increasingly important for 
streams in close proximity to the Waimakariri or Rakaia Rivers. 
 
Agriculture is the predominant landuse for lowland streams from the 
Rakaia River north to the LII (near Lincoln).  From the Halswell River 
north, urban landuse becomes more dominant, with the Halswell, 
Heathcote and Avon Rivers having increasing proportions of urban 
landuse.  Further north, the Styx River and Otukaikino Creek (formerly 
known as South Branch) are on the urban fringe and have a greater 
proportion of agricultural landuse.   
 
Significant factors influencing ecological values of lowland streams within 
the PEA include water abstraction, lack or modification of riparian cover, 
channelisation and sedimentation, urban runoff, wastewater discharges 
and mechanical clearance of aquatic macrophytes.  Of these factors, the 
volume and quality of wastewater discharges has improved significantly 
over the last decade or so, with many historic surface water discharges 
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now being treated further before being irrigated to land.  Water abstraction 
is a significant issue and has resulted in substantially reduced summer 
baseflows and increased flow intermittency of several Lake Ellesmere 
tributaries (e.g., the Irwell River). 
 
Introduced willows and shelter belts, which provide varying degrees of 
stream shade, are the main form of riparian vegetation for most of the 
lowland streams.  A number of recent native plantings and stream 
restoration projects in rivers such as the Avon, Heathcote and Styx have 
improved the state of riparian vegetation in significant sections of these 
waterways.   
 
 

3.5.2 Periphyton 

Nitrate-nitrogen and dissolved reactive phosphorous concentrations in 
lowland rivers within the PEA are often high and typically exceed guideline 
limits for prevention of nuisance periphyton growths (Kingett Mitchell 
2006b).  However, periphyton communities in lowland streams visited in 
spring 2005 were mainly comprised of thin films or medium thickness 
mats (0.5-3 mm thick).  No thick mats (>3 mm) were observed and long 
filaments (>2 cm) covered ≤20% streambed cover at all sites (Table 3.5).  
Low periphyton cover was perhaps unexpected, given the generally low 
level of stream shading, the long period of stable low flows prior to 
sampling and the spring timing of fieldwork (when periphyton biomass 
would be expected to be high).  However, ECan periphyton monitoring 
(November 1999 to February 2005) also indicate that lowland streams in 
the PEA rarely have nuisance levels of periphyton (i.e., > 30% long 
filaments or >60% thick mats).   
 
 
Table 3.5: Periphyton composition and cover at lowland stream 

sites visited in spring 2005. 
Site Shade Thin 

green 
film 

Thin 
brown 

film 

Thin 
black 
film 

Medium 
brown 

mat 

Long 
filaments 

Halswell River 50    20  
LII River 5      
Selwyn River (Old Bridge Rd) 10 100     
Selwyn River (Coes Ford) 30 50     
Wood Ck 20  85   15 
Irwell River 80     20 
Hanmer Rd Drain 30  50 50   
Boggy Ck 20  50  50  
Harts Ck 0      
Waikewai Ck 40 20   60 5 
Tent Burn 5  30    
Jollies Brook  5 30    <5 

Note:  All units are %. 
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Given that nutrient concentrations are typically high, flows are stable and 
shading often low, a primary factor limiting periphyton colonisation and 
growth in lowland Canterbury streams may be availability of hard 
substrates to colonise.  Thus, Meredith and Hayward (2002) pointed out 
that periphyton will not generally grow where substrates are fine and 
mobile, although such substrates favour macrophyte growth.  Most of the 
lowland streams within the PEA have a high proportion of fine sediments, 
and also had relatively low periphyton cover.  The Selwyn River is an 
exception; in that it has coarse gravel/cobble substrate and low periphyton 
cover.  However, the Selwyn River has relatively high flood frequency 
compared to the other lowland rivers, which may limit periphyton accrual 
in this river. 
 
Filamentous green algal taxa dominated periphyton communities at three 
of the 10 lowland waterbodies.  Mougeotia was the dominant taxon 
recorded in the lower Selwyn River (Old Bridge Rd) and in the Hanmer Rd 
Drain.  Microspora dominated periphyton communities in Jollies Brook.  
Both of these taxa are indicators of mesotrophic conditions (Biggs 2000).  
Other common filamentous green algal taxa in the lowland water bodies 
were Oedogonium (LII River), Spirogyra  (LII River and Hanmer Rd Drain) 
and Ulothrix (Jollies Brook).  No other lowland waterbodies recorded the 
presence filamentous green algal taxa. 
 
Ulva (sea lettuce) was the dominant periphyton taxon in the Rakaia 
Lagoon at the mouth of the Rakaia River.  This is not unexpected due to 
the tidal influence at this site. 
 
The most abundant diatom species in lowland waterbodies was Synedra 
ulna, which was the dominant species recorded at three sites: Selwyn 
River at Coes Ford, Selwyn River at Old Bridge Rd (co-dominant with 
Mougeotia) and Waikewai Creek.  Synedra ulna was also common or at 
least present in all other lowland waterbodies, with the exception of the 
Avon River. 
 
Other diatom species that were dominant or co-dominant at some sites 
included Melosira varians (LII River), Navicula (Cashmere Stream), 
Rhoicosphenia (Avon River and Boggy Creek) and Eunotia cf serpentina 
(Jollies Brook). 
 
The majority of dominant periphyton species recorded in the lowland 
waterbodies are indicative of mesotrophic conditions (Biggs 2000).  This 
reflects the predominantly agricultural land use and associated elevated 
nutrient levels present in these waterbodies, and perhaps the long period 
of stable low flow prior to sampling (Kingett Mitchell 2006b). 
 
 

3.5.3 Macrophytes 

Lack of shading, high nutrient concentrations, very stable flows and soft 
substrates combine to provide ideal conditions for high macrophyte 
biomass and cover in many of the lowland streams in the PEA.  
Macrophyte cover ranged from 10-90% in the lowland streams surveyed 
in spring 2005 (Table 3.6).  The lowest cover (5%) was in the Irwell River, 
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which also had the greatest amount of shading (80%).  The two Selwyn 
River sites also had relatively low macrophyte cover, probably due to the 
predominantly coarse substrate and higher flood frequency than the other 
lowland streams surveyed. 
 
Exotic species dominated the macrophyte flora surveyed, and no rare 
taxa were observed.  Species such as Elodea canadensis and 
Potamogeton crispus are regarded as significant weed species in flowing 
water bodies, and their growth is often controlled to minimise flooding risk 
(Coffey & Clayton 1988).  District councils and ECan mechanically clear 
macrophytes from many lowland Canterbury streams, and tributaries of 
Lake Ellesmere are cleared 2-4 times a year.  Relatively recent and 
selective macrophyte clearance was evident in Wood Creek, where 
macrophyte cover was low (20%) upstream of Lake Road, but was close 
to 100% downstream. 
 
Macrophytes provide significant habitat and refuge for invertebrates and 
fish in lowland streams where other colonisation substrata and natural 
cover is low.  In recognition of the ecosystem value of macrophytes in 
lowland streams, low-impact macrophyte removal (using narrow slotted 
“weed” buckets) or avoidance of macrophyte clearance are being 
increasingly used in stream restoration projects (e.g., Waikewai Creek). 
 
 
Table 3.6: Macrophyte cover and community composition at 

lowland stream sites visited in spring 2005.  
Site Shade 

(%) 
Cover 

(%) 
Dominant macrophyte taxa 

Halswell River 50 55 Elodea canadensis (40%),  Glyceria fluitans 
and others (15%) 

LII River 5 25 E. canadensis (20 %), G. fluitans (< 5 %) 
Selwyn River 
(Old Bridge Rd) 

10 20 Mimulus at waters edge (20%) and some 
Azolla sp. 

Selwyn River 
(Coes Ford) 

30 10 Glyceria maxima, watercress, and Mimulus. 

Wood Ck 20 20 Mimulus sp., Lemna sp., Azolla sp. 
Irwell River 80 5 Lemna sp., Mimulus sp. 
Hanmer Rd Drain 30 15 Watercress,  some Mimulus sp. 
Boggy Ck 20 25 Potamogeton  crispus (20%),  Mimulus sp. 

(5%) 
Harts Ck 0 60 Dominated by Elodea canadensis.  Azolla 

rubra and Lemna minor also present. 
Waikewai Ck 40 20 Mimulus sp. at water edge, watercress, 

Potamogeton crispus, charophyte, Azolla, 
Lemna sp 

Tent Burn 5 90 Nasturtium sp., Lemna sp. 
Jollies Brook  5 40 Nasturtium sp., Lemna sp., starwort, Azolla 

sp. 
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3.5.4 Invertebrates 

Molluscs and crustaceans dominated invertebrate abundance of lowland 
stream communities sampled in spring 2005.  The Selwyn River had a 
distinct invertebrate community from the other lowland streams.  It had a 
greater abundance of cased caddisflies (especially Pycnocentrodes and 
Olinga) and Deleatidium mayflies were particularly abundant.  Waikewai 
Creek was the only other site where Deleatidium were found; no other 
mayfly taxa were found at any of the lowland stream sites.  Meredith 
et al. (2003) also found molluscs, crustaceans and caddisflies were the 
most abundant groups in lowland streams throughout Canterbury. 
 
Data collected by ECan and during spring 2005 indicate that lowland 
streams within the PEA have low %EPT and QMCI scores relative to 
foothills or mountain-fed streams.  Lowland streams throughout 
Canterbury had a mean QMCI of 4.4, compared to 5.8 for foothills 
streams, and 6.8 for mountain streams (ECan data).  The low QMCI score 
in lowland streams reflects the greater relative abundance of taxa that 
favour fine sediments, macrophytes and are pollution-tolerant. 
 
Lowland streams in urban areas generally had low QMCI scores, although 
the Styx River (at Styx Mill Reserve) was a notable exception (Fig. 3.6).  
Both the Styx River and Otukaikino Creek (a tributary of the Waimakariri 
River formerly known as South Branch) have a lower proportion of urban 
landuse in their catchment relative to other streams around Christchurch, 
and have correspondingly higher proportion of silt-free sediments and 
higher abundances of “clean water” taxa such as mayflies. 
 
Of the Lake Ellesmere tributaries (excluding the distinctive Selwyn River), 
Silverstream, Hanmer Road Drain and Birdlings Brook all had relatively 
high QMCI scores (≥ 5), while the Irwell river had the lowest (mean = 3.1) 
(Fig. 3.6).  Tent Burn and the LII River both had low QMCI scores, but 
very high taxa richness relative to other streams in the PEA locality and 
compared with other lowland streams in Canterbury.  High taxonomic 
richness in these streams was due to the relatively high diversity of 
molluscs and dipterans. 
 
Overall, the low proportion of EPT taxa and low QMCI values in lowland 
streams within the PEA reflect the lack of coarse substrates for 
colonisation and are indicative of an invertebrate fauna that are relatively 
pollution-tolerant.  Caddisflies and mayflies are relatively uncommon but 
do occur in lowland streams with sufficient silt-free gravels and cobbles.  
In the spring survey, taxonomic richness was lowest in Wood Creek, 
which had been recently cleared of macrophytes.  Macrophytes represent 
a primary habitat for lowland stream invertebrates, and regular 
macrophyte clearance probably has a significant effect on invertebrate 
diversity and abundance. 
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Note: Horizontal lines indicate pollution categories. 

Open bars = mean ECan data; asterisks indicate KML data (spring 2005). 
 ECan = mean (± 1 standard error) for Canterbury lowland rivers (n = 50). 
 Value above bars = invertebrate taxa richness (mean for ECan data). 

Fig. 3.6: QMCI scores and invertebrate taxa richness for lowland 
rivers between the Waimakariri and Rakaia Rivers. 

 
 

3.5.5 Summary 

The majority of lowland streams within the PEA are characterised by very 
stable, spring-fed flows, high nutrient concentrations, and correspondingly 
high macrophyte cover.  Periphyton biomass is typically limited by high 
macrophyte cover and lack of suitable stony substrata.  Lowland 
invertebrate communities are dominated by molluscs (especially the 
common snail Potamopyrgus antipodarum) and crustaceans (amphipods 
and ostracods).  The perennially-flowing reaches of the Selwyn River 
(from about Coes Ford downstream) have the greatest dominance of 
pollution-sensitive taxa (especially cased caddisflies and Deleatidium 
mayflies), presumably due to its predominantly gravely bed sediments, 
and greater flow variability than other, spring-fed lowland streams.  
Birdlings Brook, Hanmer Road Drain, and Silverstream (a tributary of the 
Selwyn River) also have mainly stony streambeds and relatively high 
QMCI scores for lowland streams. 
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Low flows, intensive catchment development (pastoral and urban), fine 
sediments, lack of riparian shade, and macrophyte clearance all influence 
lowland stream communities.  The mainly stony-bottomed Selwyn River, 
Silverstream, Birdlings Brook and Hanmer Road Drain are considered the 
most sensitive to further habitat degradation, particularly sedimentation.  
The biota of most other lowland streams is considered tolerant (and 
generally indicative) of increased nutrients or sedimentation.   
 
Most of the streams experience low flows and reduced habitat during 
summer.  Of particular note is the Irwell River, which has reasonably good 
instream habitat, but has become increasingly affected by low summer 
flows and flow intermittency over the past decade. 
 
 

3.6 Wetlands 

3.6.1 Introduction 

The current extent of wetlands throughout Canterbury has been 
significantly reduced due to land drainage and vegetation clearance.  
There are no wetlands of appreciable size or significance in the 
Waianiwaniwa valley (Kingett Mitchell 2006e).  Wetlands are mostly very 
small and highly modified in the upper Selwyn River catchment, and are 
mostly dotted around the base of the foothills and around Hororata.  
Spring-fed riparian wetlands are an important area of biodiversity in the 
Rakaia and Waimakariri Rivers, as discussed in Section 3.2.  Freshwater 
wetlands in lowland areas are uncommon, and examples include Travis 
Swamp and Horseshoe Lake (Christchurch city), Yarrs Lagoon (on the LII 
River) and Motukarara wetland (north of Lake Ellesmere at the foot of the 
Port Hills).  The most extensive (albeit highly modified) wetlands in the 
PEA are coastal lagoons and estuaries, which include Brooklands Lagoon 
(Waimakariri River mouth), the Avon-Heathcote estuary, Lake Ellesmere, 
Coopers Lagoon, and the mouth of the Rakaia River.  Of the wetlands 
found in the PEA, Lake Ellesmere is the largest and most ecologically 
significant, and is discussed in greater detail in Section 3.8. 
 
 

3.6.2 Periphyton 

Periphyton biomass is often high in lowland wetlands because nutrients 
are available in high concentrations, there is often little shading, and they 
have little flow.  In the Avon-Heathcote estuary, high and varying nutrient 
concentrations and temperatures result in algal blooms that can change 
the colour of the estuary to dark brown (Gracilaria sp) or green 
(Enteromorpha sp) (Owen 1992).  Sea lettuce (Ulva) is often associated 
with elevated nutrients in estuaries, and is particularly abundant in areas 
of the Avon-Heathcote estuary and Waimakariri River mouth during times 
of stable low flow (as occurred during winter 2005). 
 
In addition to nutrients, major factors limiting periphyton community 
composition and biomass in wetlands include extent of riparian shade, 
availability of coarse sediments and plants to colonise, water level 
fluctuations, exposure to wind and turbidity, salinity gradients, and flood 
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disturbance.  In spring 2005, long strands of filamentous green algae were 
the dominant periphyton group and covered 30-80% of the bed in 
Coopers Lagoon (mouth of Youngs Creek), Motukarara wetland, and in a 
riparian wetland associated with Bush Gully Stream (Waianiwaniwa 
valley).  The main colonisation substrate at these sites were macrophytes.  
Stream shading was low and nutrient concentrations were relatively high 
at all these sites (Kingett Mitchell 2006b). 
 
High periphyton biomass in lowland and wetland streams are often 
aesthetically unappealing and can significantly affect water quality.  Large 
diurnal variations in dissolved oxygen and pH are often recorded in 
lowland streams and wetlands in Canterbury (Kingett Mitchell 2006b), and 
are caused by photosynthesis and respiration of periphyton and 
macrophytes.    
 
 

3.6.3 Macrophytes 

Macrophyte cover, biomass and diversity is often high in wetlands, for the 
same reasons that periphyton biomass is also high (see above).  Kingett 
Mitchell are unaware of any comparative studies on macrophyte 
communities in different freshwaters throughout Canterbury, however 
wetlands generally had the greatest cover and taxonomic diversity in a 
detailed study of a variety of flowing and still water habitats within the 
lower Waitaki River (Biggs et al. 2003). 
 
In spring 2005, Potamogeton crispus and Myriophyllum propinquum 
covered about 80% of the bed of Coopers Lagoon along the Youngs 
Creek inflow, and Glyceria fluitans was less common.  Potamogeton 
crispus and M. propinquum were also abundant at Motukarara wetland 
(55% bed cover), as were Callitriche petriei and Azolla filiculoides.  
Additional species likely to occur in freshwater wetlands of the PEA 
include Elodea canadensis, M. triphyllum, and Ranunculus spp.   
 
 

3.6.4 Invertebrates 

Wetland invertebrate communities are generally poorly studied in New 
Zealand, and they are not sampled as part of Ecan’s annual state of the 
environment monitoring.  However, based on overseas studies wetlands 
may have high invertebrate diversity compared to other freshwater 
environments (e.g., Turner & Trexler 1997).   
 
Estuaries support a diverse range of salt-tolerant taxa, especially 
molluscs, crabs and polychaete worms.  The common mud snail 
Potamopyrgus antipodarum is particularly common on mudflats, and it is 
able to tolerate a relatively wide range of environmental conditions (e.g., 
low dissolved concentrations and salinity).  A recent survey of the benthic 
fauna of the Avon-Heathcote estuary identified 21 species, of which 8 
were considered locally rare and were represented by only a few 
individuals in the survey (URS 2001).  The most common animals found 
were molluscs and polychaete worms (bristle worms).  Common 
representatives in the upper intertidal area included: P. antipodarum and 
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Amphibola crenata (both snails), Mysella (a bivalve), Helice crassa (a 
crab), and Nereid and Spionid polychaete worms (URS 2001).   
 
In spring 2005, invertebrate communities of Coopers Lagoon (at the 
mouth of Youngs Creek) and Motukarara wetland were dominated 
numerically by hemipterans, dipterans and crustaceans.  Other taxa 
present that are typical of wetland habitats included dragonflies and 
damselfies, molluscs and oligochaete worms (Appendix 2).  Stark & Suren 
(2003) also found dipterans, molluscs, and oligochaetes were dominant 
wetland invertebrate taxa in a detailed survey of wetland habitats 
throughout the lower Waitaki River. 
 
Invertebrate taxonomic richness in Coopers Lagoon and Motukarara 
wetland was low (range 15-16 taxa per site) compared to the lowland 
streams (17-24 taxa) surveyed, and probably reflects the high degree of 
catchment and riparian modification (especially stock access).  Of the 
other freshwater wetlands present in the area, Horseshoe Lake is 
expected to have relatively lower invertebrate community health, due to 
the surrounding urban environment, while Yarrs Lagoon will have 
relatively high invertebrate values, due to the large riparian zone (mostly 
willows). 
 
Overall, wetland invertebrates within the PEA have a distinct species 
assemblage from flowing water habitats.  In particular, invertebrates of 
freshwater wetlands are dominated by taxa that are free-swimming 
(e.g., amphipods and hemipterans), and have behavioural or physiological 
adaptations that allow them to tolerate low dissolved oxygen 
concentrations and daily variations in pH.  For example, the common snail 
P. antipodarum is very tolerant of low pH and dissolved oxygen 
concentrations, while the hemipteran Sigara breathes via a plastron or air 
bubble obtained from the water surface.  Therefore, the invertebrate fauna 
of freshwater wetlands in the PEA are generally quite tolerant of 
environmental changes such as eutrophication.  Wetland drainage is the 
most significant risk to wetland invertebrate productivity and diversity.  
 
 

3.6.5 Summary 

Wetland extent and condition in Canterbury has been significantly affected 
by wetland drainage and vegetation clearance.  Within the PEA, it is only 
in the lowlands that wetlands with significant areas of standing water 
persist.  Periphyton and macrophyte biomass is typically high within 
freshwater wetlands.  Compared with other freshwater habitats, wetlands 
typically have the greatest diversity of macrophytes.  In freshwater 
wetlands, invertebrate taxa are dominated by “slow-water” taxa such as 
hemipterans, dipterans, crustaceans and molluscs.  Estuaries such as the 
Avon-Heathcote estuary are typically dominated by molluscs, polychaete 
worms and crabs. 
 
Wetland periphyton, macrophyte, and invertebrate communities within the 
PEA generally reflect the modified, predominantly agricultural landuse, 
and are considered to be tolerant of further landuse intensification.  The 
major threats to wetland ecosystems are considered to be any further 
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reduction in wetland area or quality caused by vegetation clearance, stock 
access, or reduced groundwater levels and drainage. 
 
 

3.7 Lake Ellesmere/Te Waihora 

3.7.1 Hydrology and Habitat 

With a present-day surface area of about 182 km2, Lake Ellesmere/Te 
Waihora is New Zealand’s fifth largest lake and largest barrier-bar lake 
(Mosley 2004).  As is typical for barrier-bar lakes, Ellesmere is at about 
sea level and is brackish.  Water levels in the lake are determined 
primarily by inflows from lowland rivers and lake bed springs, rainfall onto 
the lake, and artificial lake openings undertaken by ECan 3-4 times per 
year.  The Water Conservation (Lake Ellesmere) Order 1990 states that 
the lake can be artificially opened to the sea when the lake exceeds 1.05 
m asl (August-March) or 1.13 m asl (March-August).  Artificial breaching 
of the barrier bar (Kaitorete Spit near Taumutu) is undertaken to reduce 
loss of farmland and to minimise flooding risk in the lower reaches of the 
tributary streams and drains.  The water conservation order also allows for 
the lake to be artificially opened to the sea when the lake is at or below 
0.6 m asl, to protect lake ecosystems.  Artificial lake openings mean that 
the current depth and area of the lake is substantially reduced compared 
to its historical natural state. 
 
Lake Ellesmere is very turbid, with a median total suspended solids 
concentration in the lake centre of 210 mg/L (ECan data), and a Secchi 
depth typically <0.2 m.  High turbidity is caused by wind and wave action 
keeping the predominantly fine lake sediments in suspension.  Lake 
Ellesmere has a “hypertrophic” state (i.e., very eutrophic) due to very high 
nutrient concentrations coupled with extremely high phytoplankton 
productivity (see Kingett Mitchell 2006b for water quality details).  
 
The catchment of Lake Ellesmere is dominated by intensive agricultural 
land use, and farming occurs up to the lake edge.  There are relatively few 
tall wetland plants such as raupo (Typha orientalis), although rushes, 
sedges and willows are all relatively common.  While there were once 
extensive beds of Ruppia and Potamogeton pectinatus (submerged 
macrophytes), these were devastated by the Wahine storm of 1968, and 
there is now virtually no submerged vegetation throughout the lake.  It is 
generally acknowledged that water clarity was much greater prior to the 
Wahine storm, due to the stabilising function of the macrophyte beds 
(Hamilton et al. 2004).  
 
 

3.7.2 Benthic Algae 

Benthic periphyton productivity in Lake Ellesmere is very low due to high 
turbidity and a general lack of suitable stony or macrophyte substrates to 
colonise.  The vast majority of algal production in the lake is comprised of 
phytoplankton (see below).  
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3.7.3 Macrophytes 

Submerged macrophyte communities in Lake Ellesmere are dominated by 
Ruppia megacarpa and R. polycarpa (horse’s mane weed), Potamogeton 
pectinatus (fennel-leaved pondweed), and Lepilaena bilocularis.  
Emergent macrophyte communities show a clear littoral zonation 
associated with gradients in water permanence and fluctuation, salinity, 
and human modification.  The lower zone that is most commonly covered 
with water includes a mix of short and tall growth forms.  Shorter growing 
species include Mimulus repens, Triglochin striata, Lilaeopsis 
novaezelandiae, Cotula coronopifolia and Sarcocornia quinqueflora 
(glasswort).  Taller emergent macrophytes are found in sheltered bays 
and include Schoenoplectus validus, Juncus maritmus (sea rush), and  S. 
pungens (three square).  Raupo (Typha orientalis) is relatively uncommon 
in this lower inundated zone, but is present in small patches, such as the 
mouth of Harts Creek or Waikewai Creek, where there is sufficient inflow 
of freshwater to allow this salt-sensitive species to occur (Taylor 1996).  
Terrestrial littoral vegetation communities are discussed further in Kingett 
Mitchell (2006e). 
 
Submerged macrophyte beds in Lake Ellesmere were historically 
extensive around the lake’s margin, but their coverage has fluctuated 
significantly over time.  Significant declines in macrophyte coverage were 
observed in the 1920s and there were no extensive beds in the 1940s.  
However, by the 1960s, macrophyte beds had recovered significantly, and 
luxuriant growths were again recorded (Taylor 1996).  The Wahine storm 
of 1968 destroyed the majority of the existing macrophyte beds.  There 
has been no significant recovery in macrophyte coverage since 1968, and 
the current extent of macrophyte beds in the lake is small and patchy 
(Taylor 1996).   
 
Regeneration of submerged macrophytes in the lake is limited by low light 
caused by high turbidity, wind-wave action, and salinity gradients.  Once 
some regeneration occurs, then overall habitat quality might be improved 
by the macrophyte beds stabilising lake bed sediments, reducing the 
amount of sediment re-suspension and thereby improving water clarity, 
but these latter factors are limiting macrophyte.  A reduction in the number 
of lake openings or an increase in the amount of freshwater inputs into the 
stream might also enhance habitat conditions for the Ruppia-dominanted 
macrophyte beds.  
 
 

3.7.4 Benthic Invertebrates 

The benthic invertebrate community of Lake Ellesmere has relatively low 
diversity and is dominated by chironomid larvae (especially Chironomus 
zealandicus), amphipods, oligochaete worms, snails (especially 
Potamopyrgus antipodarum), isopods and ostracods (Taylor 1996).  
Aquatic beetles (Coleoptera), caddisflies, and dragonflies and damselflies 
(Odonata) are also present.  The most abundant aquatic insect is C. 
zealandicus, which is highly tolerant of low dissolved oxygen 
concentrations, mud or silt substrates, and high nutrient concentrations.  
Adult C. zealandicus midges form prolific swarms along the margins of the 
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lake.  Overall, the benthic invertebrate fauna of Lake Ellesmere reflects 
the lake’s high turbidity, elevated nutrient concentrations, and lack of 
suitable coarse sediments or macrophytes for invertebrates to colonise.  
 
 

3.7.5 Phytoplankton 

Phytoplankton biomass in Lake Ellesmere is extremely high and is the 
cause of the lake’s characteristic green colour.  ECan monitoring results 
from 1992 to 2005 show that chlorophyll a concentrations (a measure of 
algal biomass) are typically in the order of 0.05-0.15 g/m3 (Fig. 3.7).  In a 
review of monitoring data from 24 New Zealand lakes collected from 
1992-1996, the highest mean annual chlorophyll a concentration was 
0.061 g/m3 (Lake Maratoto) (Burns & Rutherford 1998).  Lake Ellesmere 
has a mean annual chlorophyll a concentration of approximately 0.08 g/m3 
(ECan’s Mid-Lake monitoring site, 1993-2004 data), indicating that Lake 
Ellesmere has very high phytoplankton biomass compared to other New 
Zealand lakes.  See Kingett Mitchell (2006b) for further details on the 
relationship between phytoplankton biomass and environmental factors 
such as nutrients, turbidity and lake opening frequency. 
 
Lineham (1983) found that of the six most abundant phytoplankton 
species recorded in the lake, five are “green” algae (Chlorophyta) and the 
blue-green alga Microcystis minutissima (cyanobacteria).  In general, the 
green algal species present in the lake are associated more with 
freshwater inflows and are salt-sensitive, whereas blue-green algae are 
more tolerant of saline conditions.   
 
The blue-green alga Nodularia spumigena is infrequently recorded in Lake 
Ellesmere, but is of note because of its toxicity.  Blooms of N. spumigena 
in nearby Lake Forsyth occur frequently and have resulted in losses of 
livestock drinking water from the lake.  Salinity is a critical factor limiting N. 
spumigena growth, with optimal growth occurring at elevated salinity 
(Taylor 1996).  However, the lack of blue-green algal blooms in Lake 
Ellesmere compared to nearby Lake Forsyth, which is also brackish, has 
been attributed to the more exposed, windy nature of Lake Ellesmere 
(Taylor 1996). 
 
The toxic dinoflagellate Pfiesteria has recently been detected in a number 
of brackish waters in New Zealand, including Lake Ellesmere (Rhodes et 
al 2006).  Pfiesteria has been implicated in large-scale fish kills in several 
North American estuaries, although there have been no reported fish kills 
associated with Pfiesteria blooms in New Zealand.  While Pfeisteria 
appears to be a cosmopolitan taxon, its presence in Lake Ellesmere is of 
concern, as toxic blooms in North America have been associated with 
nutrient-enriched waters (Glasgow et al 2000) such as Lake Ellesmere.   
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4. Construction Effects 
4.1 Overview of Construction Activities 

Significant construction activities associated with the CPWS include: 

• Three intake structures: 

− Rakaia River: 8 km downstream of the gorge. 

− Upper Waimakariri: 2.5 km upstream of the Kowai River 
confluence. 

− Lower Waimakariri: at the gorge. 

• Canals, water races and river crossing structures. 

• Waianiwaniwa reservoir and associated structures. 
 
Details of the construction activities are provided in URS (2005) and 
Fig. 1.1 shows the general location of structures associated with the 
CPWS.  Construction of the water intake structures will result in 
disturbance to the river banks and river beds of the Rakaia and 
Waimakariri Rivers.  Construction of the canals and water races will result 
in disturbance of the land, beds of waterways, and potential discharges of 
sediment into downstream water bodies.  The construction of the reservoir 
will result in disturbance of the Waianiwaniwa River valley upstream of 
Homebush Road (SH77). 
 
The following sections provide details of the potential scale and 
significance of ecological effects caused by construction activities on 
periphyton, macrophytes and invertebrates within the PEA.  See Table 1.1 
for a list of other environmental effects assessment reports associated 
with the CPWS. 
 
 

4.2 Intake Structures, Canals and Water Races 

4.2.1 Description of Activity 

Intake Structures 
 
Each of the three proposed water intake locations will include construction 
of the following structures (in downstream order): 

• A low diversion bank and excavated channel (parallel to the river 
bank) to direct water into the intake.  These may need to be re-
constructed following large floods. 

• Flood protection works, such as stopbanks and rock groynes. 

• A gated intake structure and box culvert at the downstream end of 
the intake channel. 

• A sluicing race, about 1 km downstream of the intake gate, to settle 
and discharge fine gravels and sand back to the river via a sluice 
gate and side channel. 
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• Fish screens downstream from the sluicing race to exclude 
migrating fish and return them to the river. 

• A fine sediment settling pond (ca 1 km long), after the fish screens 
and sluicing race. 

• A control gate for regulating flow into the scheme. 

• Pump stations (depending on intake location). 

• A canal to carry water into the main headrace canals. 
 
All of the intakes will be located in relatively constrained, meandering 
sections of the river.  These sections are more stable and less prone to 
flood erosion than more heavily braided reaches.  The lower Waimakariri 
intake will probably involve some tunnelling into the adjacent bedrock. 
 
 
Inlet Canal to Waianiwaniwa Reservoir 
 
Water from the upper Waimakariri intake will be transported to the 
Waianiwaniwa reservoir via an open canal and tunnel (see Fig. 1.1 for 
canal alignment).  A maximum inlet canal capacity of 40 m3/s has been 
assumed, although it may be considerably smaller.  Along flat sections of 
the route the canal will be an excavated channel, 3 m wide at the base, 
20-35 m wide at the top, and 3.5-4.5 m deep.  Substantial cut and fill will 
be required in areas where the topography changes rapidly, to avoid 
major deviations in canal alignment.  The total footprint of the canal and 
embankments will be 40-50 m wide. 
 
Siphons will be constructed to carry water beneath the active channel of 
the Kowai River (250 m wide) and the Hawkins River (170 m).  The canal 
route crosses numerous other small water bodies and water races, and 
they will be piped beneath the canal. 
 
The final 3 km of the gravity-fed inlet canal route will involve tunnelling 
through the Malvern Hills from a point on Malvern Hills Road, about 
1.2 km southwest of Sheffield.  The tunnel will be approximately 6 m in 
diameter. 
 
 
Headrace Canal System 
 
Water from the river intakes and the Waianiwaniwa reservoir will feed into 
a level headrace that follows the 235 m contour between the Waimakariri 
and Rakaia River valleys.  Its precise route will be finalised following 
ground surveys and consultation.  Because it is level, the headrace will 
allow for water to flow in either or both directions, and flow velocities will 
be kept below 1 m3/s to minimise potential for erosion.   
 
The headrace canal will have a trapezoidal shape, with a bottom width of 
3 m, a top water width of 20-25 m, water depths of up to 4.5 m and a 
canal and embankment footprint of 40-50 m.  As with the inlet canal, 
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significant cuttings and embankments will be created where the 
topography makes following the 235 m contour difficult.  
 
The Hororata, Selwyn, and Hawkins Rivers will be bypassed with concrete 
siphons installed at least 3 m below the river bed.  The siphons may be up 
to 400 m long, to avoid the canals obstructing flood flows in the active 
channel.  Culverts will be constructed to carry other streams and water 
races underneath the canal. 
 
 
Water Races 
 
Open water races will carry water from the headrace canal to individual 
farms within the irrigation supply area (ISA).  All of the races will be 
aligned along existing roads.  Water race size and water depth will 
depend on location within the ISA.  It is anticipated that while some races 
will be only a few metres wide, others may have a much larger footprint 
(but less than the 50 m wide footprint of the headrace canal).  Significant 
river crossings will require the construction of a siphon, whereas smaller 
waterways will be piped or pass under the water race via a culvert. 
 
Water races will be constructed to allow the most downstream user to 
have access to water, and will therefore require “operational” bywash 
discharges at a number of locations.  Total operational bywash will be in 
the order of 2 m3/s.  However, the water race network will be designed to 
allow for the emergency release of the entire volume of the headrace 
canal on very infrequent occasions (e.g., due to complete power and 
pump failure in the entire irrigation supply area).  This “emergency” 
bywash will mostly go into the Rakaia and Waimakariri Rivers, but may 
also go into the Selwyn River.   
 
The exact location of the discharge points will be decided following 
consultation and ground surveys, but are likely be located at about five 
points along the Selwyn River within the ISA and at single points in the 
Rakaia and Waimakariri Rivers at the downstream end of the ISA 
(Fig. 1.1).  The operational bywash discharge points will include the 
opportunity to create or enhance existing wetlands to polish the 
discharged water.  Emergency bywash discharge flows will be too high to 
allow for wetland treatment. 
 
 

4.2.2 Environmental Effects 

Potential effects caused by the construction of the water intakes, canals, 
and water races include: 

• Removal or disturbance of terrestrial and aquatic habitat. 

• Elevated suspended sediments and sedimentation, and subsequent 
effects on aquatic ecosystems. 

• Noise and light pollution. 
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The potential scale of effects on periphyton, macrophytes and 
invertebrates are outlined below.  Light pollution effects are not discussed 
in detail, as this effect is mainly of relevance to bird species such as 
petrels, which can become disorientated by lights when arriving back to 
their nest sites.  Thus, the ecological effects of light pollution are 
considered to be less than minor.  Noise effects are only considered as 
part of the general habitat disturbance to terrestrial fauna, which is 
discussed in detail in Kingett Mitchell (2006e).  For further details on 
water quality effects see Kingett Mitchell (2006b). 
 
 
Impacts on the Waimakariri and Rakaia Rivers 
 
Of all the above activities, construction of the water intake structures 
within the Rakaia and Waimakariri Rivers will entail the greatest amount 
of earthworks adjacent to or within the bed of a river in the PEA.  
Periphyton biomass is relatively low within these two rivers; however 
siltation of stone surfaces could smother the thin periphyton films present, 
reducing overall biomass and their palatability to invertebrate grazers.  
The mayfly-dominated invertebrate fauna is considered particularly 
sensitive to any increases in suspended or deposited sediment.  Impacts 
on macrophytes are unlikely, as they are relatively uncommon within the 
Rakaia or Waimakariri Rivers.  Construction of the headrace canals and 
water race discharge points could have similar effects as intake 
construction on biological communities within these two rivers. 
 
While construction of intake structures, canals, and water races may have 
some impact on the biota within the Waimakariri and Rakaia Rivers, any 
effects will be localised and short-lived.  Studies from New Zealand and 
overseas indicate that recovery from suspended and deposited sediment 
is typically rapid, however the rate of recovery depends on the elimination 
of the sediment source and the ability of the stream to flush out deposited 
material (Ryan 1991).  For example, Ryder (1989) found that invertebrate 
communities affected by turbidity and deposited fine sediment recovered 
to pre-disturbance levels within one month of fine sediment additions 
ending.  Rapid recolonisation in the Ryder (1989) study was attributed to 
the small scale of the impact (around 30 m of stream length), flushing-out 
of fine sediment from interstices, and recolonisation from abundant 
upstream populations.  Eldon et al. (1989) found that recovery of the 
invertebrate community occurred within about 3 months of diversion of a 
reach of the Hohonu River in Westland.  In the Waimakariri and Rakaia 
Rivers, where the frequency of flushing flows are high, recovery of 
physical habitat and biological communities is expected to occur rapidly 
(within several months at worst) once the sediment source has been 
eliminated (i.e., construction is complete).  However, caution will need to 
be taken in riparian seep areas, where the impacts of sedimentation 
would be more persistent, due to the lack of flushing flows.   
 
The following mitigation measures should be followed to ensure 
construction effects are minimised: 

• Minimise, and avoid if possible, the amount of time spent within the 
bed of the rivers. 
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• Ensure appropriate sediment and stormwater control measures are 
used to avoid sediment entering waterways.  These may entail 
directing stormwater away from surface waters, or the use of 
geotextile fabrics to trap fine sediment before runoff enters 
waterways. 

• Following completion of construction activities, revegetation should 
be encouraged, to reduce potential erosion and issues with fine 
sediment runoff. 

• Particular care should be taken to avoid sediment entering spring-
fed seeps. 

 
Provided the mitigation measures recommended above are used, then 
construction effects on periphyton, macrophytes and invertebrates in the 
Waimakariri and Rakaia Rivers will be minor.  
 
 
Effects on Other Waterbodies 
 
Construction of canals and water races also has the potential to affect the 
upper Selwyn River and its tributaries, and existing water races within the 
ISA, where stream crossings are required.  Construction effects could be 
minimised in intermittent streams such as the Hawkins River or Blacks 
Stream by timing construction for periods when there is unlikely to be 
surface flow, such as summer.  In waterways with surface flow, the 
standard migration measures recommended in the above section should 
be used.   
 
The upper Selwyn River (from around Coalgate upstream) and the mid-
reaches of the Hororata River are considered to be sensitive to 
construction activities compared to other foothills-fed streams in the PEA, 
because of the relative abundance of pollution-sensitive taxa (especially 
cased caddisflies and Deleatidium mayflies) present.  Fine sediment 
deposition in these rivers could also reduce invertebrate diversity and 
ecosystem processes within the hyporheic zone.  Furthermore, some of 
the water race discharge points may be located in the vicinity of existing 
wetlands, which are relatively rare within the PEA.  Therefore, particular 
care will need to be taken when constructing siphons under these 
waterbodies. 
 
Therefore, in addition to the mitigation measures recommended in the 
above section, the following measures are recommended: 

• For intermittent streams, preferably time any significant construction 
of culverts or siphons for summer, when surface flow is absent. 

• Particular care should be taken with construction activities within the 
vicinity of the environmentally sensitive Selwyn and Hororata Rivers. 

• Modification, destruction or sedimentation of any wetlands should 
be avoided, as wetlands are very uncommon within the region. 

 
Provided the above mitigation measures are employed (along with those 
recommended in the Waimakariri and Rakaia section above), then any 
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Fig. 5.2: Predicted reservoir water levels based on historic wet 

(1995-1997), typical (1975-1977), and dry (1970-1972) 
years. 

 
 
Effects of inundation on existing values were introduced in the 
construction effects section.  The following sections focus on assessing 
periphyton, macrophyte and invertebrate communities in relation to 
operation of the new reservoir.  
 
 

5.3.2 Water Quality 

The created reservoir will typically have relatively low inorganic 
suspended sediment concentrations (Kingett Mitchell 2006b).  However, 
wind and wave action will result in sediment suspension and high turbidity 
along the shoreline, and this effect will probably reduce overall reservoir 
clarity during dry summers, when water levels are low.  In addition, 
phytoplankton production may be high, which would further reduce light 
penetration and result in high total suspended solids concentrations. 
 
Reservoir stratification over the summer months is expected to result in 
reduced dissolved oxygen concentrations, low pH, and increases in 
ammoniacal-nitrogen and phosphorus in the hypolimnion.  These 
variations in water quality will be greatest in the first few years after the 
reservoir has been built, but will become less severe over time.  Impacts 
of low hypolimnetic water quality on the discharge will generally be low, 
because the reservoir will release water from near the water’s surface, 
rather than at depth.  However, reservoir and discharge water quality will 
be reduced by mixing in spring or following partial summer mixing, and 
when lake levels are drawn down low during dry summers.  Overall, the 
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reservoir is expected to be mesotrophic to eutrophic, with its trophic state 
becoming more mesotrophic over time.  
 
 

5.3.3 Benthic Communities 

The littoral (water edge) environment of the reservoir will be characterised 
by predominantly gentle slopes, and fine, easily suspended sediments.  
The predominantly soft bed sediments will probably greatly limit 
periphyton productivity, but would favour colonisation by macrophytes.  
Macrophytes would provide the best colonisation substrate for epiphytic 
algae and invertebrates.  The upper limit of macrophyte growth will be 
limited by the wave-break zone and the lower depth limit of macrophytes 
will be determined by suspended sediment concentrations, and hence the 
depth of penetration of light for photosynthesis.  Establishment of 
macrophyte communities in particularly shallow, wind-exposed shores will 
be limited by mobile bed sediments and high turbidity. 
 
The over-riding factor limiting benthic communities within the reservoir will 
be the large annual variations in water level (typically around 11 m).  Low 
reservoir levels during summer would result in desiccation of 
macrophytes, epiphytes and immobile invertebrate taxa within the littoral 
zone.  While some macrophyte species (e.g. Myriophyllum triphyllum and 
Potamogeton cheesemanii) can survive 2-3 months emergence if they are 
in damp mud, most macrophyte species (and epiphytic algae) would dry 
out within several days of exposure (James et al. 2002).   
 
The invertebrate fauna of New Zealand lakes, regardless of lake type are 
often dominated by aquatic snails (Potamopyrgus), oligochaete worms 
and chironomid midges (Chironomus and Orthocladiinae) (Timms 1982, 
James et al. 1998). Other commonly recorded taxa include 
ceratopogonids (Diptera), Paroxyethira and Oecetis caddisflies, 
damselflies and dragonflies (Odonata), herbivorous beetles Hydrophilidae 
and mites (Acari) (Winterbourn & Lewis 1975).  Within the Waianiwaniwa 
reservoir, oligochaete worms and chironomids are the most likely 
invertebrate taxa to tolerate the combination of high water level 
fluctuations and predominantly soft sediments present.  Freshwater 
crayfish (koura) may also be present within the reservoir, as they are often 
abundant in reservoirs, and are abundant in Lake Mahinerangi, a hydro-
lake in Otago with an annual operating range of about 6 m (pers. obs). 
 
In summary, the reservoir will most likely provide poor quality habitat for 
benthic communities.  Macrophyte and invertebrate communities will be 
characterised by low species diversity and will probably be dominated by 
a few taxa that are tolerant of large annual water level fluctuations. 
 
 

5.3.4 Phytoplankton 

In the early years of reservoir formation, high nutrient concentrations 
within the lake are likely to result in high phytoplankton productivity, and a 
corresponding reduction in water clarity.  Of particular concern is the 
potential for blue-green algal blooms, as some blue-green taxa produce 
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toxins that can affect wildlife and humans.  Blooms of blue-green algae 
tend to occur in the presence of high nutrient concentrations (especially 
phosphorus), coupled with relatively stable, warm conditions 
(Schallenberg 2004).  Therefore, there is considerable potential for 
phytoplankton (including blue-green algae) blooms in the nutrient-rich, 
newly created reservoir.  The potential for blue-green algal blooms may 
persist beyond the early years of reservoir formation and high nutrient 
concentrations, because blue-green algae are nitrogen-fixers and are able 
to grow under conditions of low nitrate availability.   
 
 

5.3.5 Zooplankton 

Based on the fauna of other inland lakes within New Zealand, the 
zooplankton community of the reservoir is likely to have low species 
diversity and will be mainly comprised of small cladocerans and copepod 
crustaceans (Rowe & Schallenberg 2004). 
 
 

5.4 Effects of Discharging Water 

Potential effects and issues associated with water discharged from the 
Waianiwaniwa reservoir and water races include the following: 

• Creation of aquatic habitat within the races and at the discharge 
points. 

• Creation of a migratory corridor for native and exotic aquatic plants 
and animals. 

• Scour and erosion and subsequent effects on water quality and 
ecosystems. 

• Impacts on receiving water quality and subsequent effects on 
ecosystems. 

 
As mentioned above, environmental effects of intake sluicing water 
discharges were considered in the earlier water take AEE, and are not 
discussed in this report. 
 
 

5.4.1 Aquatic Ecosystems within the Canals and Water Races 

Water Quality 
 
While water quality will generally be relatively high within the canals and 
water races, reduced water quality (increased nutrients and suspended 
solids) will occur when the predominant water source is from the reservoir, 
at the end of long dry summers (Kingett Mitchell 2006b).  Without 
appropriate mitigation (e.g., fencing of livestock from waterways), landuse 
intensification is also likely to result in a downstream increase in 
concentrations of suspended sediment and nutrients (Kingett Mitchell 
2006b). 
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Habitat 
 
The sides and base of the headrace canal and the water races will be 
constructed of gravels.  While the water races will remain unlined, the 
headrace canal may be lined with finer material or compacted, to reduce 
leakage.  The walls of the headrace canal and water races will be steep, 
resulting in an incised channel morphology. 
 
 
Aquatic Ecosystems 
 
Habitat conditions within the headrace canals and larger water races will 
be quite similar to those in the Rangitata Diversion Race (RDR), which 
has an average depth of 3 m and an average width of 15 m.  Thus, water 
velocities are likely to be too high for macrophytes to establish.  However, 
cased caddisflies and Deleatidium mayflies may be relatively abundant 
where predominantly stony sediments exist, as is the case in the RDR 
(Hudson 2003).   
 
Based on other water races within the region (McMurtrie et al. 1997), the 
combination of lower flows (and potentially elevated nutrients) in the 
smaller water races will allow for greater development of periphyton and 
macrophyte communities.  Common macrophyte taxa are likely to include 
Lemna (duckweed) and Azolla (floating fern).  The snail Potamopyrgus 
antipodarum is likely to be the most abundant and widespread 
invertebrate, while cased caddisflies and dipterans may also be abundant.   
 
In summary, the larger, swifter headrace canals and water races are likely 
to have low periphyton and macrophyte biomass and will support a 
relatively “clean water” invertebrate fauna (especially caddisflies).  Smaller 
water races are likely to have greater periphyton and macrophyte biomass 
and have a greater prevalence of pollution-tolerant invertebrate taxa, such 
as snails and dipterans. 
 
 

5.4.2 Effects on the Residual Waianiwaniwa River 

As stated earlier, the Waianiwaniwa River has intermittent flow and is 
typically dry at SH77, less than 2 km downstream of the proposed dam 
face.  The ephemeral nature of the section of river downstream of the 
proposed dam means that it has very limited periphyton, macrophyte, or 
invertebrate ecological values.  However, because the nationally rare 
Canterbury mudfish (Neochanna burrowsius) has been found in this 
section of river, it is possible that the existing flow regime of the 
Waianiwaniwa River below the dam will be maintained. 
 
Any maintenance of existing flows within the Waianiwaniwa River beneath 
the dam would probably involve the creation wetland habitat, to ensure 
appropriate treatment of reservoir water before entering the river (Kingett 
Mitchell 2006b).  Maintenance or improvement of existing aquatic habitat 
(in terms of flow permanence) is considered to have a minor positive 
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effect on invertebrate and macrophyte communities within the 
Waianiwaniwa River below the dam. 
 
 

5.4.3 Effects of Operational Bywash Discharges 

Erosion Effects 
 
Erosion effects (suspended and deposited sediment; see Section 4 
above) caused by normal operational bywash are considered to be less 
than minor because the water race discharge points will be engineered to 
minimise the effects of scour. 
 
 
Effects on Water Quality and Ecosystems 
 
Water quality in the water races will generally reflect the high quality water 
present in the braided river sources.  However, when minimum flow 
restrictions limit water abstraction, greater proportions of irrigation water 
will be sourced from the reservoir.  As mentioned above, reservoir water 
quality is expected to be low during the first few years of its creation, and 
also during particularly dry summers, when reservoir levels are very low.  
If stock were allowed access to the water races, then a downstream 
decline in water quality may also occur.   
 
Elevated nutrient concentrations in untreated bywash discharges could 
contribute to excessive growths of periphyton and reduced invertebrate 
habitat in the mid-reaches of the Selwyn River, or along the banks of the 
Rakaia and Waimakariri Rivers.  Therefore operational bywash discharge 
water will be treated via wetlands prior to entering any surface 
waterbodies.  Wetland treatment would ensure water quality effects 
caused by operational bywash discharges are less than minor.   
 
An additional positive effect of treated bywash discharges in the mid-
reaches of the Selwyn River is that they may provide a source of 
invertebrate colonists for river reaches affected by flow intermittence.   
 
 

5.4.4 Effects of Emergency Bywash Discharges 

Infrequent emergency bywash has a greater potential for erosion and 
water quality impacts on receiving water bodies.  While the exact details 
of the location of emergency discharges have yet to be confirmed, the 
majority of the flow is likely to be directed into the Rakaia and Waimakariri 
Rivers.  A portion of the emergency discharge may also be directed into 
the Selwyn River. 
 
 
Effects on the Rakaia and Waimakariri Rivers 
 
One way of assessing the significance of an emergency discharge on 
downstream ecosystems within the Rakaia and Waimakariri Rivers is to 
compare the rate of maximum emergency discharge (up to 40 m3/s at one 
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point) to typical flood and flood frequency within the receiving 
environment.  Flood flows (defined here as 3 x median flow) are about 
269 m3/s in the Waimakariri River (Old Highway Bridge) and 477 m3/s in 
the Rakaia River.  Smaller “freshets” (defined here as 1.5 x median flow) 
are 135 m3/s in the Waimakariri River and 238 m3/s in the Rakaia River.   
Floods and freshets typically occur 10-20 times a year within the two 
braided rivers.  Therefore, “flood-disturbance” type effects of emergency 
discharges into the two braided rivers are considered less than minor, 
given the far greater magnitude and frequency of natural flood 
disturbance. 
 
Water quality impacts of emergency discharges into the Rakaia and are 
also likely to be minor.  This is because water quality in the water races 
will generally be similar to that already in the rivers, just with lower 
suspended solids concentrations.  The “worst case” potential impact on 
receiving water quality is if very low river flows coincide with low reservoir 
draw down and hence reduced discharge quality.  Mean annual 7-day low 
flows in the Waimakariri River are about 40 m3/s, and 92 m3/s in the 
Rakaia River.  Water quality in the worst case discharge scenario may be 
relatively turbid, and have elevated phosphorus and ammoniacal-nitrogen 
concentrations.   
 
 
Effects on the Selwyn River 
 
Potential effects of emergency discharges on the Selwyn River are 
greater than for the Rakaia or Waimakariri Rivers.  This is because the 
Selwyn River has comparatively low flood frequency and very low summer 
base flow (mean annual 7-day low flow of about 0.6 m3/s at Coes Ford).  
However, mean annual floods in the Selwyn River are in the order of 
156 m3/s, and so a maximum emergency discharge of 40 m3/s (probably 
much less) would be well within the range of typical flood disturbance in 
the river. 
 
 
Significance of Effects 
 
Emergency bywash discharges will be an exceptionally rare occurrence, 
and may never occur.  Effects on the Selwyn River are considered to be 
higher than in the Waimakariri or Rakaia Rivers, mainly due to the relative 
size of these waterways and their natural frequency of flood disturbance.  
The Selwyn River also flows into Lake Ellesmere, which is a highly valued 
waterbody.  However, any effects caused by reduced water quality or 
flood disturbance in either river or Lake Ellesmere are likely to be very 
short-lived, and recovery would be rapid. 
 
In summary, because the risk and frequency of emergency bywash 
discharges is very low, and any impacts on periphyton, macrophyte, and 
invertebrate communities will be of short duration, this effect is considered 
to be minor.   
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6. Effects Associated with Water Use 
6.1 Introduction 

Increased availability and use of irrigation within the ISA will allow 
intensification of agriculture, with conversion to dairy farming, increased 
dairy stocking rates, and expansion of horticultural and process crop 
production (Hulley et al. 2002).  Whilst this has economic and social 
benefits for the community, it has the potential to result in adverse effects 
on riparian and aquatic habitat, water quality and natural ecosystems. 
 
Potential effects caused by landuse intensification include: 

• Reduced cover and diversity of native vegetation, including: 

− Shelterbelts removed for centre-pivot irrigators. 

− Reduced riparian shading and buffering from overland flow. 

• Soil erosion and overland flow caused by an increase in bare land 
and soil compaction. 

• Increased concentrations of suspended solids, nutrients and faecal 
bacteria in runoff entering surface waters. 

• Stock access to waterways and wetlands, resulting in: 

− Bank trampling, pugging and erosion. 

− Reduced water clarity and increased fine sediment deposition. 

− Faecal contamination. 

• Effects caused by increased irrigation water drainage, including: 

− Increased groundwater levels. 

− Increased soil moisture in wetland areas. 

− Increased baseflow in spring-fed streams. 

− Increased concentration of groundwater contaminants (e.g. 
nitrate). 

− Contamination of surface waters with nitrates and other 
chemicals. 

 
The following sections assess the potential effects of landuse 
intensification on periphyton, macrophyte and invertebrate communities 
within the PEA.   
 
Aqualinc have undertaken modelling of groundwater hydrology and water 
quality for the ISA and downstream, based on current landuse and 
changes in landuse following the development of the CPWS.  For details 
on the landuse scenarios modelled and groundwater parameter inputs, 
see Aqualinc (2006).  The results of this model, as at March 2006, have 
been used to provide an indication of the scale of effects of water use on 
surface water quality and aquatic ecosystems in this report.  Groundwater 
modelling involves inherent assumptions, simplifications, and certain 
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degrees of uncertainty.  Therefore, where modelling results are given in 
this report, the values presented should be considered in terms of the 
relative magnitude of change, rather than absolute numbers. 
 
The Aqualinc model was used to predict increases in nitrate-N 
concentrations in groundwater following the CPWS development.  The 
water quality component of the model was not able to provide any 
information on the spatial distribution of nitrate-N increases.  A 
conservative approach to assessing the potential scale and significance of 
nitrate effects has therefore been taken.  This includes taking into 
consideration the sensitivity of the receiving environment to changes in 
water quality (based on existing water quality and ecological data), and 
the potential scale of change in stream nitrate-N concentrations caused by 
the CPWS, as indicated by the Aqualinc model.   
 
It should be noted that in some subject areas there is still some work to be 
undertaken, particularly concerning the effectiveness of mitigation on 
minimising impacts on groundwater and surface water quality and aquatic 
ecosystems.  Further refinement of models will allow more precise 
estimation of effects related to changes in hydrology and water quality, but 
will be unlikely to result in more adverse effects being identified. 
 
 

6.2 Physical Effects on Aquatic Ecosystems 

6.2.1 Introduction 

Increased nutrient and suspended sediment concentrations and reduced 
shading are the primary potential pressures on aquatic ecosystems 
caused by landuse intensification without appropriate mitigation 
measures.  See Kingett Mitchell (2006b, 2006e) for details on the issues 
associated with source control of sediment and nutrient runoff.  It is 
anticipated that the CPWS will not reduce the amount of existing riparian 
vegetation or shade, so this potential effect is not discussed further. 
 
Nutrient enrichment can result in high periphyton and macrophyte 
biomass, which in turn reduces habitat for invertebrates.  Very high nitrate 
concentrations can also be toxic to invertebrates and other animals.  
Suspended and deposited sediment from agricultural runoff and bank 
trampling can smother bed sediments and macrophytes, reduce 
periphyton biomass, and generally reduce invertebrate habitat and food 
quality (due to silted periphyton).  High nutrient concentrations coupled 
with increased suspended and deposited sediment levels may particularly 
affect pollution-sensitive invertebrate taxa such as mayflies, stoneflies, 
and caddisflies (EPT taxa), and favour more tolerant taxa, such as 
oligochaete worms, snails and dipterans. 
 
In agricultural streams and wetlands, the main source of elevated 
phosphorus is via surface runoff, while the main nitrogen source is via 
leaching into shallow groundwater and entry into stream baseflow.  Thus, 
waterbodies within the ISA, and the lower Selwyn River, could be affected 
by elevated phosphorous, nitrate and suspended (and deposited) 
sediments caused by agricultural runoff.  In contrast, the primary 



Draft – Private and Confidential 60 
 

URSNZCHC004.Benthic Ecology.Sept06.doc Kingett Mitchell Ltd 
 Resource & Environmental Consultants 

contaminant of concern in lowland waterbodies is groundwater-derived 
nitrate, because these waterbodies will receive comparatively little (in the 
case of the Selwyn River) or no (all other streams) surface runoff from the 
ISA. 
 
 

6.2.2 Significance of Effects 

Foothills-fed streams within the PEA have relatively low concentrations of 
dissolved nutrients and predominantly clean, stony beds compared to 
lowland streams.  Of these waterways, the Selwyn and Hororata Rivers 
are regarded as being sensitive to further habitat degradation, as they 
generally have low periphyton biomass and are dominated by “clean 
water” invertebrate taxa.  Any areas of existing wetland are regarded as 
being relatively unique within the area and would also be sensitive to 
physical changes caused by landuse intensification (Kingett Mitchell 
2006e).  Based on knowledge of existing water quality, habitat and 
biological communities (see Section 3) waterways which will be relatively 
tolerant of landuse intensification include the Hawkins and Waianiwaniwa 
Rivers, Blacks Stream, and existing water races. 
 
Landuse effects associated with degradation of physical habitat can 
largely be mitigated using relatively simple methods.  Fencing of stock 
from waterways and management of riparian buffer zones are probably 
the two simplest and most effective ways of controlling surface runoff and 
physical habitat degradation.  However, mitigation methods such as 
fencing and riparian management should be used in combination with 
careful on-farm management of stocking rates and nutrient budgeting 
(Parkyn & Wilcock 2004).   
 
In summary, in the absence of mitigation, the physical effects of landuse 
intensification (mainly due to phosphorus and sediment runoff) are 
considered to be potentially significant for wetlands and Hororata and 
Selwyn Rivers, but less so for other waterbodies within the PEA.  
However, with the use of sustainable farm management practices, 
including consideration of stocking rates, soil conditions, and appropriate 
riparian management, any physical effects on the biota would be avoided.  
Indeed, it is possible that with improved riparian management, existing 
water quality and benthic ecological health could in fact improve.  
 
 

6.3 Effects of Increased Groundwater Levels and Stream 
Flows 

6.3.1 Introduction 

Application of large volumes of irrigation water on land within the ISA will 
increase groundwater levels and baseflows in streams down gradient.  
Modelling undertaken by Aqualinc (2006) indicates that the greatest 
increase in groundwater levels will occur in the centre of the irrigation 
supply area.  Increased groundwater levels within the PEA may result in: 

• Increased soil moisture and standing water in wetlands. 
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• Increased baseflow and flow permanence in the Selwyn River and 
its tributaries. 

• Greater surface flow connection between the upper and lower 
reaches of the Selwyn River. 

• Increased baseflow in lowland streams. 

• Greater inflows into Lake Ellesmere. 
 
Effects of the CPWS on increased groundwater levels and lowland stream 
baseflows were assessed by Aqualinc (2006).  As stated in Section 6.1 
above, the Aqualinc modelling results provide an indication of the potential 
magnitude of effects of the CPWS on lowland stream baseflows.  
Because of the number of assumptions and uncertainty inherent in 
modelling, any changes in stream hydrology discussed in this section 
should be considered in relative terms, rather than absolute values. 
 
The modelling undertaken by Aqualinc indicates that increases in 
baseflow will be the greatest for the Selwyn and Irwell Rivers, and for the 
upper reaches of Hanmer Road Drain (Table 6.1).  Existing baseflow in 
the Irwell River may be increased by about 10-fold in the headwaters, to 
about 3-fold near the mouth.  Baseflow in the upper reaches of Hanmer 
Drain may increase 5-fold, while baseflow in the Selwyn River at Coes 
Ford may double.   
 
Substantial baseflow increases (30-100%) are predicted for the upper 
reaches of Boggy Creek and Birdlings Brook, and for the lower reaches of 
Hanmer Road Drain.  All of the remaining streams and stream sections 
within the PEA are predicted to have either minor (10-30%) or negligible 
(<10%) increases in baseflow (Table 6.1). 
 
 
Table 6.1: Predicted increases above existing lowland stream 

baseflows caused by the CPWS. 

Waterways Predicted Flow Increase 
Doyleston Drain, Styx River <10% 
Avon, Heathcote, LII ,and Halswell Rivers  10-30% 
Selwyn and Irwell Rivers >100% 
Hanmer Road Drain  
 - Upper reaches (above Lake Rd) 
 - Lower reaches (from Lake Rd) 

 
30 ->100% 
30-100% 

Boggy Creek 
 - Upper reaches (Irwell/Rakaia Rd) 
 - Lower reaches (from Caldwells Rd) 

 
30-100% 
10-30% 

Birdlings Brook 
 - Near headwaters (Feredays Rd) 
 - Lower reaches (from Clarks Rd) 

 
30-100% 
10-30% 

Harts Creek  
 - Clarks Rd 
 - Timberyard Rd 

 
10-30% 
<10% 

Tent Burn and Waikewai Creek  10-30% 
 
Note: Changes in median baseflow modelled by Aqualinc (2006).  
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Overall, groundwater modelling to date indicates that effects on river flows 
will be greatest immediately downgradient of the ISA - particularly in the 
Selwyn and Irwell Rivers - and that the significance of effects will reduce 
with distance north and south of these rivers.  This will most likely result in 
increased flow permanence in the mid-reaches of the Selwyn River, and 
greater frequency of surface flow connection between its upper and lower 
reaches.  The magnitude of effects on increased soil moisture and 
quantity of wetland standing water are expected to follow a similar spatial 
pattern.   
 
 
Effect of Increased Inflows into Lake Ellesmere 
 
Increased irrigation drainage from the CPWS will result in an increase in 
the annual volume of inflows into Lake Ellesmere from lowland streams 
and springs.  Any increase in lake inflows may result in an increased 
frequency of artificial lake openings, to reduce flooding risk.  Lake opening 
records from 1945-1993 show that, on average, the lake is opened 3.4 
times a year, with a maximum of 7 openings in 1975 (Taylor 1996).  
Preliminary water balance modelling indicates that increased lake inflows 
caused the CPWS may result in an increase in the lake opening 
frequency by 1-2 openings per year (Hulley et al. 2002).   
 
 

6.3.2 Significance of Effects 

Lowland waterbodies within the PEA are generally adversely affected by 
low flows and any increase in summer baseflow will result in an increase 
in habitat available for periphyton, macrophyte and invertebrate 
communities.  Increased flow variability within the Selwyn River may 
reduce periphyton and macrophyte biomass in the perennial lower 
reaches (which is already relatively low), and generally improve habitat for 
the predominantly clean water taxa of Deleatidium mayflies and cased 
caddisflies present.  In other lowland streams, increased baseflow without 
greater flow variability will tend to simply increase the habitat available for 
colonisation by the existing biota.  However, greater flow in streams such 
as the Irwell River may also improve degraded water quality 
(e.g., increase dissolved oxygen concentrations) caused by flow 
intermittency. 
 
In Lake Ellesmere, the existing biota reflects the current water level 
management regime, and it would most likely require a significant 
reduction or increase in water levels or frequency of lake openings to 
have a significant effect on the biota.  A small increase in lake opening 
frequency caused by increased inflows is unlikely to have a detectable 
effect on existing algae, macrophyte, or invertebrate communities.  
Greater freshwater inflows may result in a shift towards more freshwater-
tolerant macrophyte species around the mouth of rivers such as the 
Selwyn River, although this will occur on a relatively small scale (i.e., it will 
be a minor effect). 
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In summary, increased groundwater levels caused by the CPWS are 
considered to have either nil or positive effects on existing periphyton, 
macrophyte, and invertebrate communities. 
 
 

6.4 Groundwater Quality Effects on Biota 

6.4.1 Introduction 

Landuse intensification coupled with increased land drainage has the 
potential to significantly increase the concentration of contaminants in 
groundwater and surface waters downgradient.  Contaminants of 
particular ecological concern include nitrate (from fertiliser and cattle urine 
patches), phosphorus (from fertiliser), and pesticides.  After passing 
through the soil root zone, the ultimate concentration of these 
contaminants in downgradient waterbodies depends on processes such 
as adsorption and dilution within groundwater, and biogeochemical 
processes in the riparian zone.   
 
Nitrate leaching analysis has been undertaken by Aqualinc (2006).  
Modelling to date indicates that drainage from the CPWS will result in an 
effect in the order of an average doubling in nitrate-N loading and a 37% 
increase in nitrate-N concentrations in the baseflow component of lowland 
streams.  It should be noted that this does not take into account any 
uptake by plants within the riparian zone.  Streams affected by nitrate 
increases will be those directly downgradient of the ISA.  Rivers from the 
Heathcote River north (including the Avon and Styx Rivers) will be 
relatively unaffected by nitrate-N increases (Aqualinc 2006).   
 
Based on analysis of existing landuse patterns in relation to groundwater 
quality, landuse intensification within the ISA is not expected to affect 
downgradient concentrations of phosphorus or pesticides in groundwater 
or surface waters (Aqualinc 2006). 
 
 

6.4.2 Effects on Surface Water Biota 

Kingett Mitchell (2006b) compared existing and predicted future nitrate-N 
concentrations within the PEA against guidelines for the protection of 
aquatic ecosystems from nutrient enrichment.  They found that median 
nitrate-N concentrations already exceed guidelines for the protection of 
aquatic ecosystems in the majority of foothills-fed and lowland streams 
within the PEA.  Because of this, predicted increases in nitrate-N 
concentrations caused by the CPWS would not result in further adverse 
effects, as nitrate is not a limiting nutrient in these waterways.  The same 
is expected to be true for Lake Ellesmere and lowland wetlands, where 
nutrient concentrations are already high.   
 
Although the biological communities present in the PEA may be relatively 
tolerant of nutrient enrichment, nitrate toxicity to invertebrates and fish can 
occur at particularly high concentrations.  The toxicity guideline for 
nitrate-N is 7.2 g/m3 (Kingett Mitchell 2006b).  Nitrate-N concentrations 
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are currently well below this toxicity threshold in most streams throughout 
the PEA (Kingett Mitchell 2006b).   
 
Of the waterways potentially affected by nitrate toxicity (see Kingett 
Mitchell 2006b), the Selwyn River is considered the most sensitive, as its 
invertebrate fauna is dominated by pollution-sensitive caddisflies and 
Deleatidium mayflies.  Nitrate toxicity in the Selwyn River could reduce the 
abundance of sensitive taxa such as caddisflies and Deleatidium mayflies 
and result in an increase in the relative abundance of tolerant taxa such 
as snails.  Other streams potentially affected by high nitrates (e.g., Boggy 
Creek) are dominated by a relatively tolerant invertebrate fauna, which are 
less likely to be affected by nitrate toxicity.  Kingett Mitchell (2006b) 
estimated that increased nitrate concentrations caused by the CPWS 
could increase the likelihood of the nitrate toxicity guideline being 
exceeded in the Selwyn River from no exceedances at present to the 
guideline being exceeded approximately 15% of the time in the future.  
Mitigation will therefore be necessary to reduce the loss of nitrate to 
groundwater and minimise the risk of nitrate toxicity to surface water 
fauna.  Potential mitigation measures are discussed in Section 6.4.4 
below). 
 
There is a risk that increased nutrient concentrations in Lake Ellesmere 
could result in an increased risk of toxic Pfiesteria blooms (Rhodes et al 
2006).  A recent international review found that environmental conditions 
conducive to Pfiesteria-related fish kills include: shallow, brackish waters; 
little wind or wave action; warm temperatures; and high nutrient 
concentrations (Glasgow et al 2001).  While Lake Ellesmere satisfies 
some of these environmental conditions, and nutrient concentrations may 
increase with further landuse intensification, the risk of the CPWS causing 
Pfiesteria-related fish kills in Lake Ellesmere is probably very low for 
several reasons.  Firstly, Lake Ellesmere is wind-exposed, turbid and well-
mixed, which are unfavourable conditions for Pfiesteria.  Secondly, Lake 
Ellesmere already has nutrient concentrations similar to those in areas 
that have had fish kills, yet no Pfiesteria-related fish kills have been 
reported in the lake, suggesting that factors other than nutrient supply are 
currently limiting Pfiesteria populations.  Finally, Pfiesteria appears to 
have a cosmopolitan distribution (Rhodes et al 2006), including locations 
with a wide range of water quality, yet Pfiesteria-related fish kills have only 
been reported in a handful of locations (all in North America). 
 
Although the risk of Pfiesteria-related fish kills occurring in Lake Ellesmere 
is regarded as being low, the consequences of a Pfiesteria bloom 
occurring are potentially very significant and adverse.  Therefore, source 
control of nutrients within the CPWS (e.g., using nutrient budgeting) 
should be a high priority and form part of any resource consent conditions 
for the scheme.  Potential mitigation measures are discussed in Section 
6.4.4 below). 
 
 



Draft – Private and Confidential 65 
 

URSNZCHC004.Benthic Ecology.Sept06.doc Kingett Mitchell Ltd 
 Resource & Environmental Consultants 

6.4.3 Effects on Groundwater Biota 

Increased groundwater organic matter and nitrate concentrations have the 
potential to adversely affect groundwater microbial and invertebrate 
communities.  Limited research to date indicates that groundwater biota 
respond in much the same way as surface communities to excessive 
organic and nutrient loadings, but that they are probably more sensitive 
and take considerably longer to recover from contamination (Fenwick 
et al. 2004).   
 
Groundwater sampling downgradient of the Templeton sewage effluent 
irrigation area in Canterbury has found that while a general increase in 
organic loading can significantly increase the abundance of taxa such as 
Phreatoicus typicus (Isopoda) and Phreatogammarus (Amphipoda), high 
organic loadings may result in anoxic conditions and substantial mortality 
of these taxa (Sinton 1984; Fenwick 1987; Fenwick et al. 2004).  
Sustainable farming practices within the ISA, particularly careful 
scheduling of effluent irrigation, are expected to minimise any increase in 
groundwater organic matter loading, thus ensuring effects on groundwater 
biota caused by anoxia are unlikely.   
 
The effects of nitrate toxicity on groundwater fauna has not been explicitly 
examined in New Zealand, although information on nitrate-N 
concentrations in relation to groundwater invertebrate abundance is 
available for wells in the Templeton area.  Sinton (1984) found that 
groundwater nitrate-N concentrations in wells downgradient of the 
Templeton sewage irrigation area were on average high (means of 
9.0-10.1 g/m3) relative to those in an upgradient well (mean = 7.9 g/m3).  
Despite this significant increase in downgradient nitrate-N, invertebrate 
densities were very high, suggesting that the fauna was generally 
unaffected by nitrate toxicity.  While these data are somewhat speculative, 
they do indicate that groundwater fauna within the ISA may in fact be 
relatively tolerant of high nitrate-N concentrations.  Therefore, the 
potential for the CPWS to result in nitrate toxicity to groundwater fauna is 
considered to be low.  Sustainable farming practices, particularly nutrient 
budgeting, will help ensure this effect is less than minor.  Potential 
mitigation measures are discussed in Section 6.4.4 below). 
 
 

6.4.4 Mitigating effects on lowland streams 

The most effective way of reducing the load of nitrate transported into 
lowland streams from groundwater will be to minimise the loss of nitrate 
into drainage from the CPWS irrigation area.  Fertiliser, irrigated effluent, 
and cattle urine patches are the primary sources of elevated nitrate in 
drainage water beneath cropping and dairying landuses.  However, where 
farm management practises are good, and nitrate inputs are carefully 
regulated, nitrate concentrations in underlying groundwater may not 
increase significantly (Aqualinc 2006). 
 
Mitigation measures that could reduce the impact of the CPWS on 
groundwater quality include (Aqualinc 2006): 
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• Nitrate budgeting, monitoring, and reducing nutrient application. 

• Use of the nitrification inhibitor dicyandiamide (DCD). 

• Green winter fields. 

• No or limited nutrient application during the winter season. 

• Synchronise nutrient application with plant demands. 

• Precision farming according to detailed soil maps. 

• Delayed ploughing (avoiding high rainfall in winter). 
 
Use of nutrient budgeting computer software such as OVERSEER has 
been successful in identifying how best to minimise nutrient surpluses and 
reduce losses of nitrates to groundwater (e.g., Power 2002).  For cropping 
systems, nutrient budgeting, including reduced fertiliser application during 
wetter winter months, is probably one of the most effective ways to 
minimise nitrate loss (Francis et al 2003).  Nitrate losses from cropping 
systems are typically appreciably higher than those from dairy operations 
(Power 2002), so careful fertiliser management of crops should be an 
effective way of significantly reducing the load of nitrate lost to 
groundwater and lowland streams downgradient of the CPWS. 
 
The nitrification inhibitor DCD has been shown to significantly reduce the 
amount of nitrate lost to drainage from cattle urine patches in dairy 
pasture.  In a detailed Canterbury study, use of DCD reduced nitrate mass 
losses by around 75%, and reduced the annual average nitrate-N 
concentration under the urine patch from 25 to 7 g/m³ (Di and Cameron 
2004).  Similar removal efficiencies of nitrate from dairy farm soils have 
been reported from Southland (Smith et al 2005).  Both the Canterbury 
and Southland studies also reported improvements in pasture productivity 
in the order of 10 to 30% when using DCD.  Clearly, use of DCD on dairy 
farms within the CPWS has the potential to considerably reduce nitrate 
losses to groundwater and lowland streams. 
 
 

6.4.5 Summary 

Increased nitrate-N concentrations in groundwater, streams, wetlands and 
Lake Ellesmere are unlikely to result in increased biomass of algae or 
macrophytes, or a shift to pollution-tolerant invertebrate taxa, as nutrient 
guidelines are already exceeded.  However, nitrate-N concentrations may 
occasionally reach levels within the Selwyn River that are toxic to the 
relatively sensitive mayflies and caddiflies present.  With source control of 
nutrients, including nutrient budgeting, the potential effects of the CPWS 
on nitrates and downgradient ecosystems could be mitigated. 
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7. Summary of Environmental Effects 
The preceding sections have described existing periphyton, macrophyte 
and invertebrate communities within the PEA, assessed potential effects 
caused by the CPWS, and suggested appropriate mitigation measures to 
ensure effects are avoided or mitigated.  The following section and 
Table 7.1 provides a summary of the potential effects and mitigation 
measures described in the preceding sections.  
 
Construction effects generally relate to sediment control near surface 
waterbodies, and these effects can largely be mitigated using appropriate 
sediment control measures and by minimising works in the bed of flowing 
or still water habitats.   
 
Inundation of the Waianiwaniwa valley will result in the elimination of 
existing low-quality flowing water habitat, and the creation of relatively low 
quality still-water aquatic habitat.  Large annual fluctuations in water level 
(in the order of 11 m) will be a primary limiting factor for the biota.  There 
is the potential for blue-green algal blooms to occur in the reservoir. 
 
The new canals and water races formed as part of the CPWS will create 
new flowing water habitat that is uncommon throughout the Central Plains 
area.  Well-maintained fencing and riparian buffer strips will minimise the 
potential adverse effects of stock access and sedimentation on aquatic 
habitat. 
 
Operational effects of the CPWS mainly comprise effects related to 
discharge of irrigation bywash and effects associated with landuse 
intensification.  Irrigation bywash water quality will generally be high, but 
may be reduced during times of low river flow, when irrigation water is 
primarily being sourced from the Waianiwaniwa reservoir and if reservoir 
water levels are low.  However, wetland treatment of operational bywash 
water would mitigate any potential adverse effects on periphyton, 
macrophyte or invertebrate communities.  Effects of infrequent emergency 
bywash discharges are likely to be minor and short-lived in the Rakaia, 
Waimakariri, or Selwyn Rivers.  
 
Physical effects of landuse intensification mainly include increased 
sediment and phosphorus runoff, which could adversely affect aquatic 
biological communities.  Wetlands, and the Hororata and Selwyn Rivers 
are considered the most sensitive to these effects.  However, use of 
appropriate mitigation measures, including fencing of waterways, will 
ensure any effects are avoided.  Improved riparian management could in 
fact improve ecological condition of waterways within the Central Plains 
area. 
 
Increased irrigation will increase groundwater levels and stream flows 
downgradient of the ISA, and water level increases will be most 
pronounced directly downgradient, in the vicinity of the Irwell and Selwyn 
Rivers.  Any increases in groundwater levels are likely to result in positive 
effects on aquatic habitat for streams and wetlands, and is unlikely to 
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affect periphyton, macrophyte and invertebrate communities within Lake 
Ellesmere. 
 
In the absence of any mitigation, increased baseflow concentrations of 
nitrate-N are expected in streams downgradient of the ISA.  Nutrient 
enrichment effects of nitrate (e.g., increased proliferations of periphyton) 
are considered unlikely, as nitrate-N concentrations already exceed 
guidelines for nuisance growths in most streams.  However, the risk of 
nitrate toxicity will increase slightly in the Selwyn River.  There is also a 
risk that elevated nutrients may stimulate growth of the dinoflagellate 
Pfiesteria in Lake Ellesmere.  Together, nutrient toxicity and Pfiesteria 
present “unlikely”, but significant risks (in terms of consequential adverse 
effects) to aquatic ecosystems down gradient of the CPWS irrigation area, 
and every effort should be made to minimise nutrient loss from CPWS 
farmland.  It has been proposed that all users of water from the CPWS will 
have to abide by a sustainable land management code of practice that will 
include a requirement to fence waterways, irrigation scheduling (to 
minimise loss of water to drainage), and use of nutrient budgeting (to 
minimise loss of nutrients to groundwater).  Provided land is used in a 
sustainable manner with the irrigation area, then effects of the CPWS on 
nutrients in lowland streams and Lake Ellesmere will be minimised, and 
the risk of nitrate toxicity will be less than minor.   
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Table 7.1: Summary of potential effects of the CPWS (excluding water abstraction effects) on periphyton, 
macrophyte, and invertebrate communities.  

Note:   1 arrow = less than minor effect; 2 arrows = minor effect; 3 arrows = significant effect; N/A = not applicable.  Direction of arrow indicates 
potential positive ( ) or negative ( ) effect. 

Activity Potential Effects of Activity Mitigation Options Potentially 
Affected 

Environments 

Significance 
of Effect 

Pre-Mitigation

Significance 
of Effect 

Post-
Mitigation 

Construction      
Intake structures • Suspended and deposited sediment 

effects on surface and hyporheic biota 
- Reduced periphyton and 

invertebrate biomass and diversity 
- Short-lived effect 

• Minimise time and works within water 
• Stormwater & sediment control 
• Re-vegetation after construction 
• Particular care to avoid sediment 

entering seeps 
 

• Waimakariri R & 
Rakaia R near 
intake structures 

• Riparian seeps 

 
 

 
 

 
 
 

 

Canals, water races, 
discharge structures 

• As per above, plus: 
• Effects on areas with low flushing flows 

(e.g., wetlands) will be more persistent 
 

• As per above, plus: 
• Time work in intermittent streams for 

when surface flow is absent 
• Particular care in vicinity of: 

- Any wetlands 
- Hororata & Selwyn Rivers 

• Selwyn, Kowai & 
Hororata R 

• Blacks Strm, 
Hawkins R, 
Waianiwaniwa R 

• Water races 
• Wetlands (rare) 
 

 
 
 

 
 
 

 

 
 
 

 
 
 
 

Waianiwaniwa reservoir • Downstream sediment effects caused 
by dam construction 

 
 
• Inundation and loss of flowing water 

ecosystems 
 

• Appropriate sediment control, such as: 
- Creation of stormwater settling ponds 

within the valley during construction 
 

• None available 
 
 

• Selwyn R & 
Waianiwniwa R 

 
 
• Waianiwaniwa R & 

tributaries 
 

 
 
 
 

 
 

 
 
 
 

 
 

      
Operation & Water 
Use 

     

Water diversion from 
Waimakariri and Rakaia 
Rivers 

• Erosion/scour & sediment effects 
- Reduced periphyton and 

invertebrate biomass & diversity 

• Avoid placement in erosion-prone areas 
• Appropriate flood protection works (e.g., 

rock groynes) 

• Waimakariri R & 
Rakaia R near 
diversion structures 

 
 

Nil 
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Activity Potential Effects of Activity Mitigation Options Potentially 
Affected 

Environments 

Significance 
of Effect 

Pre-Mitigation

Significance 
of Effect 

Post-
Mitigation 

Waianiwaniwa reservoir 
 

• Creation of lake habitat 
 
• Large annual variations in water level 

- Low diversity of periphyton, 
macrophytes and invertebrates 

- Communities dominated by a few 
tolerant species 

 
• Eutrophic for early years of creation, 

then more mesotrophic 
- High phytoplankton biomass 
- Blue-green algal blooms possible 
  

• Gentle sloping littoral zone, with fine 
substrate 

- Turbid and wave-exposed margins 
- Suitable for macrophytes in 

sheltered bays and in years when 
water levels fluctuations are low 

 

• NIL 
 
• NIL 

 
 
 
 
 

• Minimise nutrient sources prior to 
inundation 

- e.g., cease grazing and intensively 
crop >2 years before flooding 

 
• NIL 
 
 

 

• Waianiwaniwa 
valley 

• Waianiwaniwa 
valley 

 
 
 
 
• Waianiwaniwa 

valley 
 
 
 
• Waianiwaniwa 

valley 

 
 

 
 
 
 
 
 

 
 
 
 
 

 

 
 

 
 
 
 
 
 

 
 
 
 
 

 

Canals, water races 
(new habitat) 

• Upper reaches: 
- High flows, coarse substrate, high 

water quality 
- Few macrophytes 
- High quality habitat for 

invertebrates such as mayflies and 
caddisflies 

 
• Lower reaches: 

- Lower flows and lower water quality 
- More periphyton and macrophyte 

biomass 
- Macrophytes clogging smaller 

races 
- More “tolerant” invertebrate taxa 

such as snails and dipterans 
 

• Stock access and sedimentation 
• Downstream decline in water quality 

• Fence off all water races to prevent 
stock access and reduced water quality 

• Maintain riparian buffer to minimise 
sediment and nutrient runoff entering 
canals and races 

• Targeted planting of shade plants to 
reduce likelihood of macrophytes 
choking smaller races 

• Creation of new 
canal and water 
race habitat within 
the Central Plains 
area 
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Activity Potential Effects of Activity Mitigation Options Potentially 
Affected 

Environments 

Significance 
of Effect 

Pre-Mitigation

Significance 
of Effect 

Post-
Mitigation 

Reservoir discharge into 
residual Waianiwaniwa 
River below dam 

• Potentially no residual flow (unlikely) 
 
 
• Provide residual flow from reservoir 

(flow as per current flow regime) 
- Reservoir discharge water quality 

generally high, but will be lower in 
first few years of operation and 
when water levels are low. 

 

• Provide residual flow 
 
 
• Creation of wetland habitat to treat 

discharged reservoir water prior to 
discharge 

- Potentially greater water quality than 
currently exists 

 
 
 

• Waianiwaniwa R 
below dam 

 
• Waianiwaniwa R 

below dam 

 
 
 

 
 

NIL 
 
 
 

 

Operational bywash 
discharges 

• Low quality water discharged if no 
controls over stock access or landuse 
practices 

 
 
 
• Source of invertebrate colonists to river 

reaches recovering from floods or flow 
intermittency 

• Fence of water races from stock. 
• Maintain riparian buffer to minimise 

sediment and nutrient runoff into water 
races 

• Wetland treatment prior to discharge 
 

N/A 
 

• Waimakariri & 
Rakaia Rivers at 
discharge points 

• Riparian seeps 
• Selwyn River 
 
• Waimakariri & 

Rakaia Rivers 
• Riparian seeps 
• Selwyn River 

 
 
 

 
 

 
 

 
 
 

 

NIL 
 
 

NIL 
NIL 

 
 

 
 
 

 
Emergency bywash 
discharges 

• Flood disturbance 
- Erosion, physical abrasion, loss of 

habitat and biomass of periphyton, 
macrophytes and invertebrates 

 
• Temporarily reduced water quality 

- High turbidity and nutrients 
 

• Good engineering design to minimise 
likelihood and impacts (e.g., erosion) of 
emergency bywash 

• Contingency planning to ensure rapid 
response to emergency discharges 

 

• Waimakariri & 
Rakaia Rivers 

 
• Selwyn River 
 
 

 
 
 

 
 
 

 
 
 
 

NIL if no 
discharge 

 

Landuse intensification 
 

• Physical effects 
- Sediment and phosphorus from 

farm runoff 
- Sediment from stock access and 

bank trampling 

• Sustainable farm management, e.g.,: 
- Fence all waterways to exclude stock 
- Encourage regeneration of riparian 

vegetation buffer 

• Selwyn & Hororata 
Rivers 

• Blacks Stream, 
Hawkins R, 
Waianiwaniwa R 

• Water races 
• Wetlands (rare) 
 

 
 
 

 
 
 

 

NIL or  
 
 

 
 

 
NIL or  
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Activity Potential Effects of Activity Mitigation Options Potentially 
Affected 

Environments 

Significance 
of Effect 

Pre-Mitigation

Significance 
of Effect 

Post-
Mitigation 

Landuse intensification 
(continued) 

• Increased groundwater levels and 
surface water flows and increased flow 
variability in Selwyn River 

- More habitat 
 

• Appropriate irrigation scheduling to 
minimise drainage loss to groundwater 

• Upper Selwyn R, 
Hororata R, Blacks 
Stream, Lower 
Waianiwaniwa R, 
Hawkins R 

 
• Lower Selwyn R 
 
• Lowland streams 

(from Halswell R 
south to Birdlings 
Brook) 

 

 
 
 
 
 
 

 
 

 
 

 
 
 
 
 
 

 
 

 

 • Greater inflows into Lake Ellesmere 
- Potential change in salinity 

gradients, mainly near stream and 
spring inflows 

- Increase in lake opening frequency 
- Change in extent of salt-sensitive 

macrophyte and invertebrate taxa, 
mainly around river mouths 

 

• Appropriate irrigation scheduling to 
minimise drainage loss to groundwater 

 
 

• Lake Ellesmere 
 
• Lowland river 

mouth inflows (e.g., 
Harts Creek) 

 
 

/  
 

 

/  
 
 

 • Increased groundwater and surface 
water nitrate-N 

- Nutrient-enrichment (increased 
algal proliferations, reduced 
invertebrate habitat) 

- Nitrate-N toxicity to invertebrates 

• Sustainable farming practises, e.g.: 
- On-farm nutrient budgeting 
- Use of nitrification inhibitors in 

irrigation water 
 

• Upper Selwyn R, 
Hororata R, Blacks 
Stream, Lower 
Waianiwaniwa R, 
Hawkins R 

 
• Lower Selwyn R 
 
• Lowland streams 

(from Halswell R 
south to Birdlings 
Brook) 

 
• Lake Ellesmere 

 
 
 
 
 
 

 
 
 

 
 
 
 

 

 
 
 
 
 
 
 

 
 

 
 
 
 

NIL 
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Appendix 1 
 
Periphyton score interpretation 
 



Periphyton Cover Score Interpretation 
 
The interpretation below comes from the NZ SHMAK Stream Monitoring Manual (Biggs 
and Kilroy 2000).  The SHMAK Manual was designed primarily for assessing the 
ecological condition of farming streams, where one of the major causes of low scores 
and excessive periphyton growth is lack of shading and increased nutrients from runoff.  
Sewage discharges can also increase nutrient levels, resulting in a proliferation of thick 
mats or long strands of algae.  Regardless of whether farming is the major landuse, low 
periphyton scores may also occur during extended periods of low stream flow, such as 
during a dry summer, or in a hydro river.  High periphyton scores may be due to any of 
the following: recent or regular flood disturbance (only thin biofilms can survive or 
develop); riparian vegetation shading the stream; high turbidity (reduced light 
penetration, only certain species, typically diatoms, can develop); low nutrient conditions: 
intensive invertebrate grazing. 
 
 
Score: 0 to 1.9 
There are mainly long filamentous green algae at the site indicating that there is 
moderate to high enrichment from phosphorus and/or nitrogen.  Such enrichment could 
be from enriched seepage, a discharge from a treatment pond or could occur naturally in 
stream5 that have a high proportion of mudstone/siltstone or recent volcanic rocks 
(central North Island) in their catchments. 
 
Score: 2 to 3.9 
These communities suggest a moderate level of enrichment from phosphorus and/or 
nitrogen.  Such enrichment could be from enriched seepage, a discharge from a 
treatment pond or could occur naturally in streams that have a high proportion of 
mudstone/siltstone or recent volcanic rocks (central North Island) in their catchments. 
 
Score: 4 to 5.9 
These communities suggest slight enrichment from phosphorus and/or nitrogen.  Such 
enrichment could be from enriched seepage, a discharge from a treatment pond or could 
occur naturally in streams that have a high proportion of mudstone/siltstone, recent 
volcanic rocks (central North Island), limestone or marble in their catchments.  Clean 
stones can result from recent abrasion by flood flows or intense grazing by 
invertebrates/insects that live in the gravels. 
 
Score: 6 to 7.9 
These communities are generally composed of species that are able to grow under 
moderate to low nutrient conditions.  These communities also usually grow back first 
after a flood has removed previous growths, but may be out-grown by filamentous algae 
if nutrient levels are sufficiently high. 
 
Score: 8 to 10 
These communities usually signify low concentration of nutrients and/or intensive 
grazing by invertebrates/insects that live among the gravels. 



 
Appendix 2 
 
Invertebrate data from spring 2005 
 
 



Minor Braids Waianiwaniwa Valley Upper Selwyn Lowland Wetland
Taxon MCI WB1 WB2 WB3 RB1 RB2 RB3 WN1 WN2 WN3 HO WS SM TB WC WK L2 CL MW

Ephemeroptera
Coloburiscus 9 34 3
Deleatidium 8 940 1096 1168 1068 216 972 20 3 2000 240 2000 20
Neozephlebia 7 17
Nesameletus 9 2
Zephlebia 7 1
Plecoptera
Stenoperla 10 8 3
Zealandobius 5 1 1 1 8 27 2
Zealandoperla 10 1
Trichoptera
Aoteapsyche 4 2 29 9 172 3 1 288 308 1
Hudsonema 6 1 38 4 80 2 1 132
Hydrobiosis 5 5 17 40 1 12 21 48 2 5 3
Neurochorema 6 2
Oecetis 5 304
Olinga 9 1 1056 132 464
Oxyethira 2 1 1 15 280 184 1 2 2 64 120 10 5
Paraoxyethira 2 3 48 1 2
Polyplectropus 8 1 16
Psilochorema 8 1 6 2 1 5 1 17 3 17 16 1
Pycnocentria 7 2 9 888 8 224 1
Pycnocentrodes 5 16 29 256 16 15 1 2000 108 2000 156
Triplectides 5 2 16 10
Megaloptera
Archichauliodes 7 2 8 2
Odonata
Procordulia 6 1
Xanthocnemis 5 1 2 3 7 6 32 9 23
Hemiptera
Anisops 5 14
Diaprepocris 5 1 16 436
Microvelia 5 2
Sigara 5 28
Coleoptera
Berosus 5 1 1 1
Dytiscidae 5 2 17 9 24 3
Elmidae 6 2 40 72 14 22 3 296 80 1 2
Hydrophilidae 5 1 1 1
Scirtidae 8 2
Diptera
Aphrophila 5 1 8
Austrosimulium 3 1 1 2 208 1 7 25 88 14 12
Ceratopogonidae 3 2 10 160 3 1
Chironomus 1 10 15 96 1
Corynoneura 2 8 5 32 1 1
Eriopterini 9 5 12 20 2 4 2 8
Maoridiamesa 3 3 4 1 16 108
Molophilus 5 1 8 13 1 4 1
Muscidae 3 2 2 1
Orthocladiinae 2 22 5 9 25 8 48 356 4 3 24 392 46 55
Paralimnophila 6 2 1
Pelecorhynchidae 9 4 3 4 8
Polypedilum 3 1 7 8
Stictocladius 2 4
Stratiomyidae 5 2 11 2 1
Tanypodinae 5 32 1 1 5 112
Tanytarsini 3 1 2 1 1 9 1 100
Collembola 6 1 1
Acarina 5 2 1 2 2 1 1
Crustacea
Amphipoda 5 2000 2 820 2000 2
Ostracoda 3 4 284 8 1 7 308 236 88 100
Mollusca
Gyraulus 3 4 12 72 1 1
Lymnaea 3 1 3
Physa 3 3 16 1 5 89 20 5 32 3 14
Potamopyrgus 4 1 73 3 2000 644 608 328 472 2000 564 596 2000 13 20
Sphaeriidae 3 7 8 4 24 92 37 2000 1
Oligochaeta 1 1 1 1 2 48 1472 2 104 5 1 240 44 416 24 42 26
Hirudinea 3 1
Platyhelminthes 3 16 1 16
Nematoda 3 2 4 24
Nemertea 3 2 1

Total Abundance 983 1237 1374 1072 769 1300 2245 2517 603 7573 1756 7215 2452 1154 2538 7540 581 294
Taxa Richness 13 15 20 4 15 18 24 18 8 24 27 19 22 17 19 24 15 16
EPT Taxa Richness 6 6 10 2 6 8 9 5 1 11 13 9 3 1 7 4 3 2
EPT3 Taxa Richness 4 5 9 2 5 6 8 4 0 9 11 7 3 0 5 2 1 0
%Ephemeroptera Abundance 95.6 88.6 85.2 99.6 28.1 74.8 3.2 0.1 0.0 26.4 13.9 27.7 0.0 0.0 0.8 0.0 0.0 0.0
%EPT Abundance 96.6 94.2 91.3 99.7 86.5 80.5 6.1 1.6 46.4 86.6 47.0 65.5 0.3 0.2 14.9 6.5 3.6 2.4
%EPT3 Abundance 96.3 91.8 90.6 99.7 64.1 80.2 6.1 1.0 0.0 80.4 29.4 65.5 0.3 0.0 12.3 4.2 1.7 0.0
QMCI 7.81 7.72 7.66 8.00 5.57 6.96 4.14 2.47 2.52 6.31 4.52 6.10 3.65 3.42 3.85 3.82 4.36 3.13

Site Code River
WB1 Waimakariri River at Cross Bank
WB2 Waimakariri River at Weedons Rd
WB3 Waimakariri River at Cooks Rd
RB1 Rakaia River at Rakaia Island
RB2 Rakaia River at State Highway 1
RB3 Rakaia River at Steeles Rd
WN1 Waianiwaniwa River at Pig Saddle Road
WN2 Waianiwaniwa River at Jimmys Knob
WN3 Bush Gully Stream (Waianiwaniwa River tributary)
HO Hororata River at Board Rd
WS Hororata River at State Highway 77
SM Selwyn River at Old Bridge Rd
TB Tent Burn
WC Wood Creek
WK Waikewai Creek
L2 LII River
CL Coopers Lagoon at Youngs Creek inlet
MW Motukarara wetland (old Halswell River channel)




