
EOS ECOLOGY |  AQUATIC RESEARCH CONSULTANTS 

AQUATIC RESEARCH & 
 SCIENCE COMMUNICATION 

CONSULTANTS 

E C O L O G Y

Ecological 
Improvements from  
the Naturalisation  
of No. 2 Drain

EOS Ecology Report No. 06060-CCC01-02 | April 2012



EOS ECOLOGY  |   AQUATIC RESEARCH & SCIENCE COMMUNICATION CONSULTANTS 



EOS ECOLOGY |  AQUATIC RESEARCH & SCIENCE COMMUNICATION CONSULTANTS 
P: 03 389 0538  |  F: 03 389 8576  |  info@eosecology.co.nz  |  www.eosecology.co.nz  |  PO Box 4262,  Christchurch 8140,  New Zealand

REPORT

Prepared for
Christchurch City Council

Prepared by EOS Ecology

Alex James

Reviewed by 
Shelley McMurtrie

Ecological 
Improvements from  
the Naturalisation  
of No. 2 Drain

EOS Ecology Report No. 06060-CCC01-02 | April 2012

19-04-12



EOS ECOLOGY  |   AQUATIC RESEARCH & SCIENCE COMMUNICATION CONSULTANTS 
 

E C O L O G Y

EOS Ecology or any employee or sub-consultant of EOS Ecology accepts no liability with respect to this 

publication’s use other than by the Client. This publication may not be reproduced or copied in any form 

without the permission of the Client. All photographs within this publication are copyright of EOS Ecology or 

the credited photographer; they may not be used without written permission.



EOS ECOLOGY  |   AQUATIC RESEARCH & SCIENCE COMMUNICATION CONSULTANTS 

CONTENTS

EXECUTIVE SUMMARY .. ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ...1

1 INTRODUCTION... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ...2

2 METHODS ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ...6

2.1 Site Selection .................................................................................................................. 6

2.2 Surveys ........................................................................................................................... 7

2.3 Data Analysis .................................................................................................................. 9

3 RESULTS.. ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... .11

3.1 Habitat .......................................................................................................................... 11

3.2 Invertebrates ................................................................................................................ 14

3.3 Fish ............................................................................................................................... 18

3.4 Earthquake Effects at Site 1 ......................................................................................... 22

4 DISCUSSION . ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... .25

4.1 Realistic Expectations of Stream Naturalisation ..........................................................25

4.2 Habitat Effects .............................................................................................................. 26

4.3 Aquatic Invertebrate Effects ......................................................................................... 26

4.4 Fish Effects ................................................................................................................... 28

4.5 Has the Naturalisation of No. 2 Drain Resulted in any Ecological Improvements? ...... 29

5 RECOMMENDATIONS ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... .31

5.1 Action Points ................................................................................................................31

5.2 Lessons Learnt .............................................................................................................. 31

6 ACKNOWLEDGEMENTS.. ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... .33

7 REFERENCES. ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... .33



EOS ECOLOGY  |   AQUATIC RESEARCH & SCIENCE COMMUNICATION CONSULTANTS 



1

EOS ECOLOGY  |   AQUATIC RESEARCH & SCIENCE COMMUNICATION CONSULTANTS 

Ecological Improvements from the  
Naturalisation of No. 2 Drain

EXECUTIVE SUMMARY 

A 640 m section of the timber and concrete lined No. 2 Drain between Queen Elizabeth II Drive and 

Horseshoe Lake was naturalised by the Christchurch City Council (CCC) in 2007–2008 with the aims 

of reducing long-term maintenance costs, providing stormwater storage and some treatment, and 

enhancing the waterways amenity value. This involved the removal of the linings, creation of gently 

sloping banks, installation of coarse bed material to increase habitat variability, and riparian planting. 

A specific fast-flowing, stony reach was identified by an earlier study to contain bluegill bullies, whose 

natural population is in decline. During naturalisation, the flow and substrate characteristics of this 

reach were designed for their benefit. During construction this reach was dewatered and 101 bluegill 

bullies were captured, kept in captivity, and released back to the site following naturalisation. 

To determine if naturalisation resulted in any ecological improvements, EOS Ecology sampled aquatic 

invertebrates and fish at four sites along No. 2 Drain; in 2006 before naturalisation, in 2008 some 

six months after naturalisation, and in 2010/11 some 2.5 years after naturalisation. Three of the 

sites were in the naturalised section while one was an un-naturalised control site that remained 

as a timber-lined box drain. Naturalisation successfully resulted in increased habitat heterogeneity 

but this did not translate into any great shifts in the invertebrate community assemblage. Changes 

observed were the result of shifts in the relative abundance of a small number of dominant taxa, 

all of which are tolerant of the habitat conditions found in degraded urban and rural streams (e.g., 

snails, seed-shrimps, midge larvae, and amphipods). After naturalisation several sensitive caddisfly 

taxa appeared, but in low numbers accounting for less than 1% of all invertebrates captured. Their 

appearance could not be attributed to improved habitat as they also appeared at the control site. The 

lack of any dramatic changes maybe a result of barriers to colonisation (e.g., distance from source 

populations, light pollution, lack of flying adult habitat) by cleanwater species for which there is now 

suitable habitat, and a lack of time since the naturalisation to allow for their natural colonisation.

The most notable effect on the fish community of No. 2 Drain was a dramatic increase in common 

bully at two sites in 2008 some six months after naturalisation works were completed. It would 

appear large numbers of this species colonised the newly created habitat which had more fish cover 

and spawning substrate. The bluegill bully population was retained in the specially designed reach 

downstream of Lake Terrace Road and this species also colonised a small reach of newly created 

habitat upstream of the road. 

The 22 February 2011 earthquake caused moderate damage to the bluegill bully reach through lateral 

spread and liquefaction sand inputs. At this site water levels increased and water velocities decreased 

making the habitat less desirable for bluegill bully, with only a small confined section remaining with 

swift flow over a stony streambed. Thus the earthquake effectively reduced the area of suitable bluegill 

bully habitat. Despite these habitat changes the invertebrate community remained unchanged. To 

ensure the long-term survival of the bluegill bully population we recommend the earthquake damage 

is repaired and specific bluegill bully habitat reinstated, followed by further monitoring of the fish 

assemblage at that site.

Because of their differing colonisation abilities, invertebrate and fish communities are likely respond to 

naturalisation on different time scales. The present study only covers a short time after naturalisation, 

and further ecological improvements in No. 2 Drain may take longer to become obvious. We 

recommend monitoring fish every three years and invertebrates every five years. Thus the next fish 

survey should be undertaken in March 2014 and invertebrate survey in December 2015. 



EOS ECOLOGY  |   AQUATIC RESEARCH & SCIENCE COMMUNICATION CONSULTANTS 

2 Report No. 06060-CCC01-02  
April 2012

1 INTRODUCTION

No. 2 Drain is an artificial waterway, created as part of a network of wetland drainage channels  

draining an area of horticultural and agricultural land in the Marshlands area before flowing through 

the Christchurch Golf Club’s course (commonly known as the Shirley Golf Course) and discharging 

into Horseshoe Lake (Figure 1). For much of its length it is a timber-lined drain and until recently 

(2007) the section through the golf course to Horseshoe Lake was a concrete-lined channel (Figure 

2). In the early-mid 2000’s No. 2 Drain was identified as a potential site for naturalisation by the 

Christchurch City Council (CCC). The goals of the project were predominantly to reduce long-

term maintenance costs (by removing channel linings), provide for stormwater storage and some 

treatment, and enhance the waterway’s amenity value. Some design elements to maintain, and 

potentially improve, aquatic biodiversity were also incorporated. The term naturalisation is used in 

this instance instead of restoration. Because there was never an original waterway along this course 

it is not possible to restore it to its previous state, and so the term naturalisation better describes the 

works that were undertaken.

In December 2006 EOS Ecology undertook a habitat, aquatic invertebrate, and fish survey of No. 

2 Drain to ascertain its pre-naturalisation condition (Greenwood et al., 2008). In July 2007 major 

naturalisation works began on the 640 m section within and downstream of the Shirley Golf Course, 

between Queen Elizabeth II Drive (QE II Drive) and Horseshoe Lake. This involved the removal of 

the concrete lining, creation of more natural gently sloping banks, installation of coarse bed material 

to increase habitat variability, and riparian planting (Figure 3). In the Shirley Golf Course grounds 

FIGURE 1 The location and pre-naturalisation channel form of No. 2 Drain. The No. 2 Drain catchment is 
predominantly between Prestons Road and Queen Elizabeth II Drive. Adjoining tributary drains are not 
shown for clarity.
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FIGURE 2 The channel lining of No. 2 Drain was a combination of timber (left; photo taken December 2008 just upstream 
of Mairehau Road) and concrete (right; photo taken December 2006 just upstream of Horseshoe Lake).   

FIGURE 3 Works to naturalise No. 2 Drain included the creation of large ponds in the Shirley Golf Course (top left 
and top right; taken August 2007) and special attention to the flow and substratum characteristics of the 
bluegill bully reach between Lake Terrace Road and Horseshoe Lake (centre left and right; taken May 2008). 
Riparian vegetation quickly became established (bottom left and right; taken June 2009). 
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FIGURE 4 Bluegill bullies (top left and right) were removed from No. 2 Drain via electrofishing on 2 July 2007 (centre 
left) and housed in temperature controlled water troughs during the construction period (centre right).  
Fish were measured (bottom left) and then released to the newly naturalised channel on 20 August 2008 
(bottom right). 

some larger pond areas were excavated to provide storage for stormwater and act as settlement 

basins to reduce the volume of suspended sediment travelling to the lower reaches of No. 2 Drain and 

ultimately to Horseshoe Lake (Figure 3). The small section between Lake Terrace Road and Horseshoe 

Lake received special attention as a population of locally rare bluegill bullies was identified during 

an earlier survey (Taylor & McMurtrie, 2003), requiring the retention of similar flow characteristics 

while improving habitat to suit this fast-water specialist (Figure 3). During construction of the new 

channel this bluegill bully reach was dewatered, meaning this population would have been seriously 

impacted without intervention. The section was therefore electrofished to remove the fish and 101 

bluegill bullies kept in captivity at EOS Ecology for 13.5 months from 2 July 2007 until 20 August 2008 

when they were returned to the naturalised stream section (Figure 4). EOS Ecology was contracted by 

the CCC to determine if the naturalisation of this section of No. 2 Drain has resulted in any aquatic 

Bluegill bully
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Measuring bullies

Bluegill bullies
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ecological improvements. The pre-naturalisation survey of 2006 was repeated in December 2008 

(habitat, invertebrates, and fish), December 2010 (habitat and invertebrates) and March 2011 (fish 

only). This report seeks to assess the effect of the naturalisation on the invertebrates and fish of No. 

2 Drain and determine if such works improved more than just the aesthetics of the waterway.

The 22 February 2011 earthquake caused some lateral spread and liquefaction in No. 2 Drain and as part 

of a CCC/Environment Canterbury funded earthquake response study (James & McMurtrie, 2011), one 

site on No. 2 Drain was resurveyed (habitat & invertebrates only) in April 2011 to assess the impacts of 

liquefaction on stream habitat and invertebrates (Figure 5). We have therefore also included a section 

(Section 3.4) in this report investigating earthquake effects on habitat and invertebrates at this site.

FIGURE 5 Land damage (left) and liquefaction deposits (right) at the special bluegill bully section of No. 2 Drain 
between Lake Terrace Road and Horseshoe Lake. Photos were taken on 14 March 2011.
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2 METHODS

2.1 Site Selection

Four sites were selected by Greenwood et al. (2008), based on their representation of the predominant 

habitat of No. 2 Drain. Three ‘treatment’ sites were located within the section to undergo naturalisation; 

in a downstream section where bluegill bullies were present (Site 1) and two sections within the 

Shirley Golf Course (Sites 2 and 3) (Figure 6; Table 1). At Site 1 a supplementary reach was surveyed 

for fish only and is referred to as Site 1A. This reach was only sampled after naturalisation (2008 and 

2010) to assess if bluegill bullies had colonised new habitat. A fourth ‘control’ site (Site 4) upstream 

of the proposed naturalisation work was selected based on its physical similarity to the stream section 

flowing through the Shirley Golf Course (Figure 6 and 8; Table 1).

FIGURE 6 Location of the four sites (Sites 1–4) surveyed in 2006, 2008, and 2010 and a supplementary site (Site 1A) 
which was only surveyed for fish in 2008 and 2010. Sites 1–3 underwent naturalisation works in 2007-08, 
while Site 4 was an unmodified control site. Site 1A was a supplementary reach near Site 1 which was only 
sampled after naturalisation (2008 & 2010).

TABLE 1 Description of site locations and the surveys undertaken. “Pre” and “Post” refer to before and after 
naturalisation, respectively.

Site 
No. General Location Surveys Undertaken Year Easting 

(NZMG)
Northing 
(NZMG)

1 Between Lake Terrace Rd 
and Horseshoe Lake.

Habitat, invertebrates, & 
fish. Resurveyed in April 
2011 to assess impacts of 22 
February earthquake.

2006 (Pre)
2008 (Post)
2010 (Post)
2011 (Post + earthquake)

2483493 5745748

1A Directly upstream of Lake 
Terrace Rd culvert

Fish. 2008 (Post)
2010 (Post)

2483470 5745790

2 In golf course grounds, 
approx. 190 m north of 
Lake Terrace Rd.

Habitat, invertebrates, & 
fish.

2006 (Pre)
2008 (Post)
2010 (Post)

2483431 5745954

3 In golf course grounds, 
60 m south of Queen 
Elizabeth II Drive.

Habitat, invertebrates, & 
fish.

2006 (Pre)
2008 (Post)
2010 (Post)

2483403 5746281

4 Approximately 45 m 
upstream of Mairehau Rd.

Habitat, invertebrates, & 
fish.

2006 (Pre)
2008 (Post)
2010 (Post)

2483032 5746797

Naturalised channel

Site 4

Site 3

Site 2

Site 1A

Survey Sites

QEII Drive

Lake Terrace Road

Mairehau Road

Site 3

Site 2

Site 1A

Site 4
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2.2 Surveys

Habitat and aquatic benthic invertebrate surveys 

were undertaken at the four survey sites following 

stable flow conditions on three occasions; once 

before naturalisation (12 December 2006) and 

twice after naturalisation (15 December 2008 & 

15 December 2010) (Figure 7). At each site, three 

equally-spaced transects were placed across the 

stream at 5 m intervals (i.e., at 0, 5, & 10 m) and 

aspects of the instream habitat quantified and the 

aquatic benthic invertebrate community sampled. 

Site 1 was resurveyed for habitat and invertebrates 

on 15 April 2011, to assess the effects of the 22 

February earthquake (James & McMurtrie, 2011). 

Pre-naturalisation fish sampling was undertaken 

at the four sites on 14 December 2006. After 

naturalisation, fish sampling occurred on 17–18 

December 2008 and 14–15 March 2011 (after the 

22 February earthquake) (Figure 7). In 2008 and 

2011 an additional supplementary site (Site 1A) 

was sampled directly upstream of the Lake Terrace 

Road to determine if bluegill bullies had extended 

their range to above the culvert. 

FIGURE 7 Timeline of naturalisation works and 
surveys of No. 2 Drain.

Flow disruption begins
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2.2.1 Habitat 

Instream habitat variables were quantified at equidistant points across each of three transects, with 

the first and last measurements across the transect at the water’s edge. Habitat variables measured 

included substrate composition, presence and type of organic material, depths (water, macrophyte, 

and sediment), and water velocity. In 2006 mean water velocity (i.e. 0.4 × depth) was gauged at 

eight of the ten points across each transect using an OTT meter (40 second recording interval) while 

in 2008 and 2010 a SonTek FlowTracker velocimeter was used.  General bank attributes, including 

lower and upper bank height and angles, lower bank undercut, and lower bank vegetative overhang 

were measured for each bank at each transect. Bank material and stability were also assessed. 

The riparian zone condition was assessed within a 5 m band along the 10 m section on either side of the 

bank. The cover of 15 different vegetation types were estimated on a ranked scale of present (<10%), 

common (10-50%), and abundant (>50%). The vegetation was assessed three dimensionally, and 

so included ground cover, shrub and canopy cover levels. The vegetation categories were taken from 

the CREAS (Christchurch River Environment Assessment Survey) criteria developed by EOS Ecology  

and NIWA for city-wide habitat surveys (McMurtrie & Suren, 2008). 

2.2.2 Aquatic Invertebrates

Aquatic benthic invertebrates were collected at each transect by disturbing the substrate across an 

approximate 1.2 m width and within a 0.3 m band immediately upstream of a conventional kick 

net (500 µm mesh size). A range of habitat types were sampled at each transect, including the mid-

channel and margin areas. 

Each invertebrate sample was kept in a separate container, preserved in the field in 60% isopropyl 

alcohol, and taken to the laboratory for identification. The contents of each sample were passed 

through a series of nested sieves (minimum mesh size of 500 µm). The contents of each sieve were 

then placed in a Bogorov sorting tray (Winterbourn et al., 2006) and all invertebrates counted and 

identified to the lowest practical level, using a binocular microscope and the keys of (Winterbourn, 

1973; Chapman & Lewis, 1976; Smith, 1996; Winterbourn et al., 2006). Sub-sampling was utilised 

for particularly large samples and the unsorted fraction scanned for taxa not already identified. 

Invertebrate counts were converted to percentage abundance values for analysis.

2.2.3 Fish 

Fish were sampled using a Kainga EFM300 backpack electrofishing machine. Prior to fishing, each 

of the five monitoring sites (Sites 1–4, plus the supplementary Site 1A) was stop-netted at the 

downstream margin to prevent fish from fleeing the survey site. Stunned fish were transferred to 

buckets, anaesthetised if necessary, identified to species, their length measured, and released after 

recuperating in clean water. Because the aquatic habitat was altered by naturalisation works over the 

course of the project it was impossible to perform truly equitable fishing effort (e.g., the installation 

of boulders and riparian vegetation made fishing more difficult in the post-naturalisation surveys). 

Thus capture data has been expressed as ‘catch per unit effort’ (CPUE) to standardise the differing 

sampling efforts. CPUE was calculated by dividing the number of fish captured (the catch) by the 

sampling effort, which was the fishing time in minutes (unit effort).   
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2.3 Data Analysis

The data describing the substrate composition was simplified by creating a substrate index, such 

that:

Substrate Index = [(0.7 x % boulders) + (0.6 x % large cobbles) + (0.5 x % small cobbles) + 

(0.4 x % pebbles) + (0.3 x % gravels) + (0.2 x % sand) + (0.1 x % silt) 

+ (0.1 x % concrete/bedrock)] / 10

Where derived values for the substrate index range from 1 (i.e., a substrate of 100% silt) to 7 (i.e., 

a substrate of 100% boulder); the larger the index, the coarser the overall substrate. In general, 

coarser substrate (up to cobbles) represents better instream habitat than finer substrate. The 

same low coefficients for silt and concrete/bedrock reflect their uniform nature and lack of spatial 

heterogeneity, and in the case of silt, instability during high flow.

Invertebrate data were summarised by taxa richness, total abundance, abundance of the five most 

common taxa, and non-metric multidimensional scaling (NMS) axis scores. Biotic indices calculated 

were the number of Ephemeroptera-Plecoptera-Trichoptera taxa (EPT richness), % EPT, the 

Macroinvertebrate Community Index (MCI), Urban Community Index (UCI), and their quantitative 

equivalents (QMCI and QUCI, respectively). The paragraphs below provide clarification on some of 

these metrics.

Taxa richness is the number of different taxa identified in each sample. ‘Taxa’ is generally a term for 

taxonomic groups, and in this case refers to the lowest level of classification that was obtained during 

the study. A large decrease (or increase) in taxa as a result of some disturbance may indicate an effect. 

However differences often are a result of the collecting or missing rare taxa, rather than changes in 

the core taxa that make up most of the community at a site.

NMS is an ordination of data that is often used to examine how communities composed of many 

different taxa differ between sites. It can graphically describe communities by representing each 

site as a point (an ordination score) on an x–y plot. The location of each point/site reflects its 

community composition, as well as its similarity to communities in other sites/points. Thus points 

situated close together indicate sites with similar invertebrate communities, whereas points with little 

similarity are situated further away. Habitat variables can also be associated with the different axes, 

indicating whether the invertebrate communities are responding to habitat differences. NMS was 

used to examine invertebrate and fish communities.

EPT refers to three Orders of invertebrates that are generally regarded as ‘cleanwater’ taxa. These 

Orders are Ephemeroptera (mayflies), Plecoptera (stoneflies), and Trichoptera (caddisflies); forming 

the acronym EPT. These taxa are relatively intolerant of organic enrichment or other pollutants 

and habitat degradation. The exception to the rule are hydroptilid caddisflies (e.g., Trichoptera: 

Hydroptilidae: Oxyethira and Paroxyethira), which are algal piercers and often found in high numbers 

in nutrient enriched waters and urban streams. EPT richness and % EPT scores can provide a good 

indication as to the health of a particular site. EPT taxa are generally diverse in non-impacted, non-

urbanised stream systems, although there is a small set of EPT taxa that are also found in urbanised 

waterways (e.g., hydroptilid caddisflies and some leptocerid caddisflies such as Triplectides and 

Hudsonema).

The MCI/QMCI score can be used to determine the level of organic enrichment for stony-bottomed 

waterways in New Zealand (Stark, 1985). It calculates an overall score for each sample, which is 
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based on pollution-tolerance values for each invertebrate taxon that range from 1 (very pollution 

tolerant) to 10 (pollution-sensitive). MCI is calculated using presence/absence data, whereas the 

QMCI score incorporates abundance data and so gives a more accurate result by differentiating rare 

taxa from abundant taxa. MCI scores <80 and QMCI scores <4 indicate poor quality sites, whereas 

MCI scores >120 and QMCI scores >6 indicate excellent quality sites (Stark & Maxted, 2007a). More 

recently a variant has been developed for use in soft-bottomed streams (Stark & Maxted, 2007b) 

and the suffixes “-sb” and “-hb” are now used to differentiate the hard-bottomed and soft-bottomed 

indices (e.g., MCI-hb & MCI-sb).

The UCI/QUCI score can be used to determine the health of urban and peri-urban streams by 

combining tolerance values for invertebrates with presence/absence or abundance invertebrate data 

(Suren et al., 1998). Negative scores are often indicative of invertebrate communities tolerant of 

poor conditions and silted habitats, whereas positive scores are indicative of communities found in 

healthier streams, usually with clean water and coarse substrate (Suren et al., 1998). This biotic index 

is indicative of habitat relationships, and to some degree incorporates urban impacts.

Two-way ANOVA with date and site as factors was used to test for significant differences in the habitat 

variable and biotic index means with a 95% level of significance. Before undergoing ANOVA, all data 

distributions were checked for normality (which is an assumption of the analysis undertaken) and 

fourth root or log transformed, where needed to normalise data. Where a significant difference was 

found the Tukey pairwise multiple comparison procedure was used to compare means. 
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3 RESULTS 

3.1 Habitat 

It is obvious that a number of habitat variables would have changed significantly at Sites 1–3 given the 

total reforming of the channel during naturalisation works (Figure 8). Substrate index remained fairly 

similar at the control site (Site 4) while at the three other sites, the coarser substratum rock material 

installed during naturalisation resulted in a significantly coarser substratum in 2008, which persisted 

to 2010 (Figures 8 and 9). Fine sediment depth was the greatest at Site 4 in the 0.08–0.12 m range 

and remained similar at Sites 1 (less than 0.01 m) and 3 (around 0.01 m) even after naturalisation. 

There was an obvious, albeit non-significant reduction from around 0.04 m to less than 0.01 m fine 

sediment depth at Site 2 following naturalisation (Figure 9). 

Wetted channel width before naturalisation was dictated by the box-lining design and was consistently 

1.85 m at all sites. Not surprisingly the control site (Site 4) has maintained this channel width, while 

naturalisation works created some variability in width at Sites 1–3 over time (Figure 9). The temporal 

variation in water levels of this groundwater-fed system are probably responsible for the significantly 

narrower wetted widths observed in 2008 compared to 2010. Water depths largely mirrored wetted 

channel width, in remaining similar between years at Site 4 but showing greater variability at the 

other three sites following naturalisation and being significantly lower in 2008 (Figure 9). Similarly 

water velocities remained fairly consistent in the 0.15–0.2 m/s range at Site 4 but exhibited greater 

variability at the other three sites, both within sites and between years (Figure 9). As with wetted 

width and water depth, after naturalisation velocity was lower in 2008 than in 2010 at Sites 1–3. At 

Site 1, where water velocities are arguably the most important to biota because of the bluegill bully 

population, the average velocity has significantly declined from an average velocity greater than 0.4 

m/s in the pre-naturalisation sampling of 2006, although some increase is seen in 2010 compared to 

2008 (Figure 9). Macrophytes were of negligible average depths (less than 0.02 m) at all dates and 

sites excepting Site 4 in 2010 which had significantly greater macrophyte depths compared to previous 

years (Figure 9).

As well as channel modification, the volume of water entering No. 2 Drain above Queen Elizabeth II 

Drive was altered, with the volume of water being diverted down another branch (No. 2 Drain East 

Branch) of the system varying over time. A weir upstream of Queen Elizabeth II Drive was raised in 

mid-July 2009 leading to more water flowing through No. 2 Drain in the Shirley Golf Course (Figure 

9). The weir subsided somewhat following the 22 February 2011 earthquake reducing flow through 

the Golf Course to some extent (Figure 9). A continuous flow gauge just upstream of Lake Terrace Rd 

indicates sampling in 2008 occurred at around 70–80 L/s, while in 2010 the flow was approximately 

130–140 L/s during sampling (Figure 9). This corresponds with the greater water depths, velocities, 

and channel widths at Sites 1–3 observed in 2010 compared to 2008 (Figure 9). 

Overall the naturalisation (in conjunction with manipulations of an upstream weir) has effectively 

increased the habitat heterogeneity of the naturalised reach with more variable substrate size, water 

depths, water velocities, and channel widths compared to its pre-naturalisation condition.



EOS ECOLOGY  |   AQUATIC RESEARCH & SCIENCE COMMUNICATION CONSULTANTS 

12 Report No. 06060-CCC01-02  
April 2012

12 December 2006 15 December 2008 15 December 2010

Site 1

Site 1A

Site 2

Site 3

Site 4

FIGURE 8 Site photos of each of the No. 2 Drain sampling locations. Sites 1–3 underwent naturalisation works in 
2007-08, while Site 4 was an unmodified control site. Site 1A was a supplementary reach near Site 1 which 
was only sampled after naturalisation (2008 & 2011).

Not Sampled

Photo taken 7 May 2009 Photo taken 15 March 2011
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FIGURE 9 Average habitat measurements (+1 standard error) from each site before (2006) and after (2008 & 2010) 
naturalisation works (naturalisation occurred mid-2007–mid-2008). Site 4 was a control site that has not 
been naturalised. Two-way ANOVA results with date and site as the factors are given. Where a significant 
difference was found the results of the Tukey pairwise multiple comparison procedure comparing date 
within each site are shown in or above the bars (e.g., a, b, c). Means that are not significantly different 
are denoted by the same letter. Also shown is the No. 2 Drain maximum daily discharge from a gauge 
just upstream of Lake Terrace Road (18 July 2008 to 22 December 2011) along with key events over the 
displayed period.
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3.2 Invertebrates

3.2.1 Overview

Overall 53 aquatic invertebrate taxa were identified from the four No. 2 Drain sampling sites over 

the three sampling dates, with the five most abundant taxa accounting for 88% of all animals 

captured (the snail Potamopyrgus antipodarum 40%; Ostracoda seed-shrimps 25%; Orthocladiinae 

midge larvae 14%; algal-piercing hydroptilid caddisfly Oxyethira albiceps 5%; and the amphipod 

Paracalliope fluviatilis 4%) (Figure 10). These taxa are common throughout Christchurch and typical 

of peri-urban waterways in New Zealand. Over the three sampling dates there were no major changes 

to the core taxa apart from their relative order and a few taxa that appear and then drop off the five-

most abundant taxa list (e.g., Tanypodinae midge larvae, Physa and Gyraulus snails, Hydra freshwater 

polyps, and Sphaeriidae bivalve clams) (Table 2). It is notable however that in 2010, the snail P. 

antipodarum has come to be the most dominant taxa at all four sites.

TABLE 2 The five most abundant taxa at each site before (2006) and after (2008 & 2010) naturalisation of No. 2 
Drain. Site 4 was a control site that has not been naturalised. Also shown are the more sensitive EPT 
taxa that were present at each site.

Top Five Taxa

Site 4 (Control) 3 2 1

2006 Ostracoda (72%)
Oxyethira albiceps (10%)
Orthocladiinae (8%)
Potamopyrgus antipodarum 
(2%)
Chironomus (2%)

Ostracoda (49%)
Orthocladiinae (27%)
Potamopyrgus antipodarum 
(6%)
Tanypodinae (4%)
Cladocera (3%)

Orthocladiinae (61%)
Potamopyrgus antipodarum 
(10%)
Tanypodinae (9%)
Oxyethira albiceps (5%)
Oligochaeta (4%)

Orthocladiinae (37%)
Potamopyrgus antipodarum 
(33%)
Ostracoda (7%)
Paracalliope fluviatilis (5%)
Oligochaeta (4%)

2008 Potamopyrgus antipodarum 
(43%)
Ostracoda (28%)
Oligochaeta (15%)
Physa (5%)
Sphaeridae (2%)

Ostracoda (33%)
Chironomus (19%)
Potamopyrgus antipodarum 
(18%)
Oligochaeta (10%)
Acarina (3%)

Orthocladiinae (45%)
Oxyethira albiceps (21%)
Oligochaeta (13%)
Potamopyrgus antipodarum 
(11%)
Gyraulus (2%)

Orthocladiinae (29%)
Paracalliope fluviatilis (24%)
Physa (14%)
Oligochaeta (9%)
Hydra (7%)

2010 Potamopyrgus antipodarum 
(37%)
Ostracoda (20%)
Orthocladiinae (14%)
Paracalliope fluviatilis (10%)
Oxyethira albiceps (6%)

Potamopyrgus antipodarum 
(75%)
Ostracoda (6%)
Chironomus (6%)
Orthocladiinae (5%)
Oxyethira albiceps (3%)

Potamopyrgus antipodarum 
(58%)
Orthocladiinae (19%)
Oxyethira albiceps (7%)
Empididae (4%)
Oligochaeta (3%)

Potamopyrgus antipodarum 
(80%)
Paracalliope fluviatilis (10%)
Orthocladiinae (4%)
Oxyethira albiceps (1%)
Gyraulus (1%)

More Sensitive EPT Taxa (excluding Hydroptilidae)

2006 None None None None

2008 Hudsonema amabile (0.2%)
Pycnocentrodes (0.2%)
Triplectides (0.1%)
Oecetis (0.02%)

Triplectides (0.08%) Hydrobiosis (1%)
Hudsonema amabile (0.3%)

Hudsonema amabile (0.2%)
Hydrobiosis (0.1%)
Triplectides (0.1%)

2010 Triplectides (0.2%) Triplectides (0.2%)
Oecetis (0.1%)

Hudsonema amabile (0.9%)
Hydrobiosis (0.5%)
Oecetis (0.1%)
Psilochorema (0.1%)
Triplectides (0.04%)

Hydrobiosis (0.1%)
Hudsonema amabile (0.03%)
Psilochorema (0.02%)
Triplectides (0.02%)
Pycnocentrodes (0.005%)
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Of the more pollution-sensitive EPT taxa, only Trichoptera (caddisflies) were found and then as 

only a small numerical component of the invertebrate community (Table 2; Figure 10). No EPT taxa 

were found in 2006, while in 2008 after naturalisation five taxa appeared across the four sites (Table 

2). Interestingly, in 2008 four of these species were found at the control site (Site 4) that had not 

undergone naturalisation. By 2010, the greatest Trichoptera diversity (five taxa) was found at the sites 

with the swiftest water velocities and coarsest substratum (Sites 1 and 2) (Table 2).

Common Taxa (over the three sampling dates combined)

More Sensitive EPT Taxa (excluding Hydroptilidae)

FIGURE 10 The common and the more sensitive EPT taxa found in No. 2 Drain during this study. Percentage values 
refer to relative abundances over the three sampling dates combined (2006 (pre-naturalisation), and 2008 
and 2010 (post-naturalisation)).

Potamopyrgus 
antipodarum; 
snail (40%)

Ostracoda;  
seed shrimp 
crustacean (25%) 

Orthocladiinae; 
non-biting midge 
larvae (14%)

Hudsonema 
amabile; cased 
caddisfly

Triplectides; 
cased caddisfly

Oecetis;  
cased caddisfly

Oxyethira 
albiceps;  
purse-cased 
caddisfly (5%)

Paracalliope 
fluviatilis; 
amphipod 
crustacean (4%)

Hydrobiosis;  
free-living 
caddisfly

Pycnocentrodes;  
cased caddisfly

Psilochorema;  
free-living 
caddisfly
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3.2.2 Biotic Indices

Average taxa richness was generally in the range of 16–20 taxa at all sites on all sampling dates 

(Figure 11), but was noticeably, albeit not significantly lower at Site 4 in 2008 and greater at Site 1 in 

2010. Sites 3 and 4 had consistently negative QUCI scores while Site 1 and 2 had consistently positive 

scores, however the score at both Site 3 and 4 had become noticeably less negative in 2010 (Figure 11). 

EPT richness and %EPT were zero in 2006 as no EPT taxa were found at this time at any site while 

EPT taxa were found at all sites from 2008 onwards. EPT richness increased significantly from 2008 to 

2010 at Sites 2 and 3. Percentage EPT was less than 0.5% at all sites in 2008 and 2010, except for Site 

2 where EPT taxa accounted for 1.5% of all animals captured during these two sampling occasions. 

The naturalisation of No. 2 Drain improved instream habitat condition, not water quality thus the 

QMCI (which is a measure of water quality based on the invertebrates present) is not overly relevant. 

However, it can be used to investigate changes in community composition among sites and times, 

provided no water quality classes are applied. Prior to naturalisation QMCI-hb scores were similar 

among the four sites (Figure 11). Just as the naturalisation increased variability in the habitat metrics 

at the naturalised sites, it also increased variability in QMCI-hb scores (Figure 11). The QMCI-hb at the 

naturalised sites (Sites 1–3) showed significant increases from 2008 to 2010 while those at the control 

site (Site 4) remained similar (Figure 11). This indicates an increase in taxa with higher MCI scores 

(i.e., those less tolerant of degraded conditions) at the naturalised sites.

FIGURE 11 

Average (+1 standard error) biotic indices of 
invertebrate community health from each site before 
(2006) and after (2008 & 2010) naturalisation of No. 
2 Drain. Site 4 was a control site that has not been 
naturalised. Two-way ANOVA results with date and 
site as the factors are given. Where a significant 
difference was found the results of the Tukey pairwise 
multiple comparison procedure comparing date within 
each site are shown in or above the bars (e.g., a, b, c). 
Means that are not significantly different are denoted 
by the same letter.
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3.2.3 Ordination

An NMS ordination showed that all sites underwent a right to left shift in community composition 

with time along Axis 1, although Sites 1 and 4 switch back to the right on occasion (Figure 12). 

In 2006 before naturalisation Sites 2–4 were all located far to the right along Axis 1, which were 

associated with cladocerans and orthoclad midge larvae. In contrast in 2006 Site 1, which had a 

coarser substratum and swifter water velocities (Figure 9), was located towards the middle of the plot 

(Figure 12). In 2008, after naturalisation all sites bar Site 1 had shifted further to the left of the plot 

and were quite well separated. By 2010 the three naturalised sites (Sites 1–3) were clustered to the far 

left of Axis 1, where they were associated with the snail P. antipodarum, the cased caddisfly Oecitis, 

and increased channel width (Figure 12). Between 2006 and 2008 the greatest community shift was 

observed at the control site (Site 4). In contrast between 2008 and 2010 the greatest shift was seen at 

Site 1 (Figure 12). 

Along Axis 2 there was a distinct separation of the downstream-most sites (Sites 1 and 2) and the 

upstream-most sites (Sites 3 and 4), which persisted for all sampling dates (Figure 12). Sites 3 and 

4 were associated with ostracods and increased fine sediment depth while Sites 1 and 2 were more 

associated with taxa such as orthoclad midge-larvae, the amphipod P. fluviatilis, and greater substrate 

size (Figure 12). The control site (Site 4) displayed similar shifts in community composition over time 

as the three naturalised sites (Sites 1–3), indicating naturalisation works are not solely responsible for 

changes to the invertebrate communities of No. 2 Drain (Figure 12).

FIGURE 12 Non-metric multidimensional scaling (NMS) ordination of the invertebrate community from each site (1–4) 
before (2006) and after (2008 & 2010) naturalisation of No. 2 Drain. Site 4 was a control site that has not 
been naturalised. Each point represents the mean of three kicknet samples. The arrows show the trajectory 
of each site over time. Invertebrate taxa and habitat variables correlated with the axes are shown. See 
Figure 6 for site locations.
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3.3 Fish

3.3.1 Overview 

A total of six native fish species were captured over the course of the study. In order of descending 

abundance these were common bully–Gobiomorphus cotidianus (55%); shortfin eel–Anguilla 

australis (17%); upland bully–Gobiomorphus breviceps (13%); bluegill bully–Gobiomorphus hubbsi 

(13%); longfin eel–Anguilla dieffenbachii (1%); and inanga–Galaxias maculatus (1%) (Figure 13). 

The latest conservation status ranks three of these species as “not threatened” (common bully, upland 

bully, and shortfin eel) and three as “declining” (bluegill bully, longfin eel, and inanga) (Allibone et 

al., 2010). Brown trout (Salmo trutta), listed as “introduced and naturalised” were seen occasionally 

at all sites but were not captured.

FIGURE 13 

The fish species captured or observed in No. 2 Drain 
over the course of the present study for the three 
sampling dates combined (2006 (pre-naturalisation), 
and 2008 and 2010 (post-naturalisation)). Also shown 
is the relative abundance percentage and conservation 
status of each species.

Gobiomorphus cotidianus; common bully (55%; not 
threatened)

Gobiomorphus breviceps; upland bully (13%; not 
threatened)

Gobiomorphus hubbsi; bluegill bully (13%; declining)

Salmo trutta; brown trout (observed but not captured; 
introduced & naturalised)

Anguilla australis; shortfin eel (17%; not threatened)

Anguilla dieffenbachii; longfin eel (1%; declining)

Galaxias maculatus; inanga (1%; declining) 
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3.3.2 Abundance and Catch Per Unit Effort (CPUE)

Shortfin eels, common bullies, and upland bullies were the most common species at Sites 2–4. At 

Site 1 (and Site 1A) bluegill bullies were a notable component of the fish community (Figure 14). The 

control site (Site 4) had the most stable fish community over time, with shortfin eel always accounting 

for over 80% of the catch on all sampling dates (Figure 14). In 2008 (after naturalisation) at Sites 2 and 

3 upland bullies made up a greater proportion of the fish captured than in 2006. This trend persisted 

to some extent to 2011 at Site 2, while at Site 3 they had disappeared in 2011. At Site 1 bluegill bullies 

accounted for a much smaller proportion of the fish captured after naturalisation (2008 and 2011) 

than they did before (2006). The supplementary Site 1A was only fished after naturalisation (2008 

and 2011) largely to determine if bluegill bully would colonise the newly created habitat there. Bluegill 

bully had colonised this habitat by 2008 and in 2011 their relative abundance had increased (Figure 

14). In contrast, while common bullies were not very abundant at Site 1 in 2006, they dominated at 

this site in 2008 with abundance dropping in 2011 (Figure 14).

FIGURE 14 Relative abundances of the fish species from each site (1–4) before (2006) and after (2008 & 2011) 
naturalisation of No. 2 Drain. Site 1A was a supplementary reach near Site 1 which was only sampled after 
naturalisation (2008 & 2011). Site 4 was a control site that has not been naturalised.
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Before naturalisation total CPUE was similar across the four sites, although slightly higher at Site 1 

(Figure 15). Total CPUE remained relatively stable at Sites 3 and 4 over the three sampling dates. At 

Sites 1 and 2 however, total CPUE skyrocketed in 2008 before declining in 2011 to levels that were still 

much higher than those of Sites 3 and 4 (Figure 15). Site 1A which was not sampled in 2006 displayed 

a similar pattern to Sites 1 and 2 in 2008 and 2011. This pattern was driven predominantly by common 

bully CPUE, although upland bully also displayed this pattern to some extent (Figure 15). Bluegill 

bully CPUE declined over time at Sites 1 and 1A. Shortfin eel CPUE was highest at Site 2 in 2011 while 

it exhibited a small decline after naturalisation at Site 3 (Figure 15). 

FIGURE 15 

Catch per unit effort (CPUE) for the total fish 
community and each of the four most abundant fish 
species captured from each site (1–4) before (2006) 
and after (2008 & 2011) naturalisation of No. 2 Drain. 
Site 1A was a supplementary reach near Site 1 which 
was only sampled after naturalisation (2008 & 2011). 
Site 4 was a control site that has not been naturalised. 
A higher CPUE implies fish are more abundant in the 
area fished. The actual number of fish captured is 
given above each bar.
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3.3.3 Ordination

Prior to naturalisation the four sites had fish communities well separated in ordination space (Figure 

16). After naturalisation Sites 1, 2, and 3 showed shifts in fish community composition while the 

control site (Site 4) displayed minimal variation over time with all sampling dates clustering close 

together (Figure 16). Site 4 was also distinctly separated from the other three sites along Axis 1 and 

being associated with shortfin eel, greater water depth, and greater fine sediment depth. Sites 1–3 

were associated with common bully and greater substratum size along Axis 1 (Figure 16). Along Axis 

2, Site 1 (especially in 2006) was separated from the others predominantly because of its association 

with bluegill bully. Sites 2 and 3 (and Site 1 in 2008) were correlated with upland bully along Axis 2. 

Site 1A which was a supplementary reach close to Site 1 had a fish community that was very similar 

to Site 1 (Figure 16).

FIGURE 16 Non-metric multidimensional scaling (NMS) ordination of the fish community from each site (1–4) before 
(2006) and after (2008 & 2011) naturalisation of No. 2 Drain. Site 1A was a supplementary reach near Site 
1 which was only sampled after naturalisation (2008 & 2011). Site 4 was a control site that has not been 
naturalised. The arrows show the trajectory of each site over time. Fish species and habitat variables 
correlated with the axes are shown. See Figure 6 for site locations.
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3.4 Earthquake Effects at Site 1

3.4.1 Habitat

While there was no significant difference among the four sampling dates for the mean substrate index 

at Site 1, it did decline a little after the February 2011 earthquake, but not to the level it was prior to 

naturalisation in 2006 (Figure 17). Fine sediment depth however, was significantly deeper after the 

earthquake, probably as the result of liquefaction inputs in parts of this reach. Mean wetted widths 

and water depths were greater after the earthquake than at any time before, although not statistically 

different to 2010 measurements (Figure 17). After the earthquake water velocities were lower than at 

any other time at Site 1. The discharge of No. 2 Drain was not greatly different between the December 

2010 and April 2011 sampling rounds (i.e., approx. 135 L/s in Dec 2010 vs. approx. 114 L/s in April 

2011), thus the observed changes to wetted width, water depth, and water velocities are more likely 

to be the result of earthquake-induced changes to channel morphology than any significant change to 

discharge (Figure 9).  Macrophyte depths were higher in 2010 and after the earthquake although this 

was not significant and the depths were small (e.g., only 0.01–0.02 m; Figure 17). 

FIGURE 17 Average habitat measurements (+1 standard error) from Site 1 of No. 2 Drain before (2006) and after (2008 
& 2010) naturalisation, and three weeks after the 22 February earthquake (2011). One-way ANOVA results 
with date as the factor are shown. Where a significant difference was found the results of the Tukey 
pairwise multiple comparison procedure comparing dates are shown in or above the bars (e.g., a, b, c). 
Means that are not significantly different are denoted by the same letter.
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3.4.2 Invertebrates

Overview

Overall 47 aquatic invertebrate taxa were identified from Site 1 over the four sampling dates, with 

the five most abundant taxa accounting for 91% of all animals captured (the snail Potamopyrgus 

antipodarum 66%; Orthocladiinae midge larvae 13%; the amphipod Paracalliope fluviatilis 9%; 

Ostracoda seed-shrimps 2%; and Oligochaeta worms 2%). While there were some changes to the 

most dominant taxa among the pre-earthquake sampling dates (i.e., a shift from Orthocladiinae 

numerical dominance in 2006 and 2008 to a very high abundance of P. antipodarum in 2010), little 

change was observed between December 2010 and the post-earthquake sampling of April 2011. P. 

antipodarum accounted for the vast majority of invertebrates captured in December 2010 and April 

2011 (Table 3). It was notable that the freshwater shrimp (Paratya curvirostris) appeared for the first 

time as one of the most common taxa after the 22 February earthquake. 

EPT taxa captured at Site 1 consisted of caddisflies (Trichoptera) only. They were a very minor 

component of the invertebrate community at Site 1; however their diversity was highest in December 

2010 with five taxa. After the earthquake April 2011, only two of these taxa were found (Table 3).

Biotic Indices

There were no significant differences in mean taxa richness over the four sampling occasions, however 

it was at its highest in December 2010 and at it’s lowest after the earthquake in April 2011 (Figure 18). 

QMCI-hb was significantly higher in 2010 than in 2006 and 2008. In 2011 it was nearly identical to 

2010 indicating the earthquake had little impact on this index (Figure 18). EPT richness  was greatest 

in 2010 and least in 2006 (when none were captured) with 2008 and 2011 intermediate. EPT taxa 

accounted for a very small proportion of overall invertebrate abundance in all years and there was no 

significant difference among sampling dates (Figure 18). 

TABLE 3 The five most abundant taxa (with relative abundances) at Site 1 of No. 2 Drain before (2006) and after 
(2008 & 2010) naturalisation, and three weeks after the 22 February earthquake (2011). Also shown are 
the more sensitive EPT taxa that were present on each sampling occasion.

Top Five Taxa

12-12-2006 
 (before naturalisation)

15-12-2008 15-12-2010 15-04-2011  
(after 22 February earthquake)

Orthocladiinae (37%)
Potamopyrgus antipodarum (33%)
Ostracoda (7%)
Paracalliope fluviatilis (5%)
Oligochaeta (4%)

Orthocladiinae (29%)
Paracalliope fluviatilis (24%)
Physa (14%)
Oligochaeta (9%)
Hydra (7%)

Potamopyrgus antipodarum (80%)
Paracalliope fluviatilis (10%)
Orthocladiinae (4%)
Oxyethira albiceps (1%)
Gyraulus (1%)

Potamopyrgus antipodarum (90%)
Paracalliope fluviatilis (4%)
Paratya curvirostris (2%)
Ferrissia (1%)
Oligochaeta (1%)

More Sensitive EPT Taxa (excluding Hydroptilidae)

 
None

Hudsonema amabile (0.2%)
Hydrobiosis (0.1%)
Triplectides (0.1%)

Hydrobiosis (0.1%)
Hudsonema amabile (0.03%)
Psilochorema (0.02%)
Triplectides (0.02%)
Pycnocentrodes (0.005%)

Triplectides (0.1%)
Hudsonema amabile (0.06%)
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Ordination

The invertebrate communities sampled in 2008 and 2006 were distinctly separated along Axis 1 from 

2010 and 2011 and associated with Austrosimulium blackfly larvae and Orthocladiinae midge larvae. 

Those of 2010 and 2011 were associated with the snail P. antipodarum, Xanthocnemis zealandica 

damselfly larvae, and increased channel width, water depth, and macrophyte depth (Figure 19). The 

similarity of samples from 2010 and 2011 indicate the 22 February 2011 earthquake did not cause any 

large changes to the invertebrate community of Site 1. 

FIGURE 19 Non-metric multidimensional scaling (NMS) ordination of the invertebrate community from Site 1 of 
No. 2 Drain before (2006) and after (2008 & 2010) naturalisation, and three weeks after the 22 February 
earthquake (2011). Each point represents the mean of three kicknet samples. A one-dimensional solution 
was the best representation of the data thus the above ordination only has one axis. Invertebrate taxa and 
habitat variables correlated with the axis are shown.

FIGURE 18 Average biotic indices (+1 standard error) from Site 1 of No. 2 Drain before (2006) and after (2008 & 2010) 
naturalisation, and three weeks after the 22 February earthquake (2011). One-way ANOVA results with date 
as the factor are shown. Where a significant difference was found the results of the Tukey pairwise multiple 
comparison procedure comparing dates are shown in or above the bars (e.g., a, b, c). Means that are not 
significantly different are denoted by the same letter.
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4 DISCUSSION

4.1 Realistic Expectations of Stream Naturalisation

Around the world stream ecosystems are impacted by many stressors that lead to a loss in sensitive 

species and a reduction in diversity. A dominant concept in ecosystem naturalisation (usually referred 

to as ‘restoration’ in the literature) is that increasing habitat heterogeneity encourages the restoration 

of biodiversity (Palmer et al., 2010). In stream naturalisation projects this is often reflected by channel 

works to enhance structural heterogeneity by adding meanders and creating riffles and the insertion 

of instream physical structures such as boulders and tree stumps (e.g., Purcell et al., 2002; Nakano & 

Nakamura, 2006; Winterbourn et al., 2007). One of the aims of such efforts is to entice new species to 

the stream to colonise the newly created “better” habitat, thus enhancing biodiversity. This has been 

referred to as the Field of Dreams hypothesis: “if you build it, they will come.” (Palmer et al., 1997). 

Palmer et al., (2010) performed a meta-analysis on studies that investigated the response of invertebrate 

taxa richness to stream naturalisation treatments (she called it ‘restoration’). Of 78 independent stream 

or river naturalisation projects, while most were successful in enhancing physical heterogeneity, only 

two displayed statistically significant increases in biodiversity making them more similar to reference 

reaches or sites. Across all the studies Palmer et al., (2010) evaluated, there was no evidence that habitat 

heterogeneity was the primary factor controlling stream invertebrate diversity and they concluded that 

physical heterogeneity should not be the driving force in selecting naturalisation methodology for most 

degraded waterways. A lack of response by invertebrate communities was also found in naturalised 

Christchurch streams by Suren & McMurtrie (2005) who investigated the effect of enhancement 

activities (e.g., altering riparian vegetation, substratum composition, and instream velocity) on five 

urban Christchurch streams. While the desired goal of these enhancement activities included increasing 

the density of mayflies and caddisflies, and decreasing densities of worms, snails, and midge-larvae, five 

years after stream enhancement only minor shifts in overall abundance, species evenness and diversity 

were observed, and the absence of mayflies and caddisflies continued (Suren & McMurtrie, 2005). 

The lack of improvement in stream invertebrate diversity highlights that habitat is not the sole reason 

why many “desirable” and sensitive invertebrate taxa are absent from many degraded streams. Streams 

are degraded by a complex suite of often interrelated stressors including reduced water and sediment 

quality, biologically unsuitable flow regimes, dispersal barriers, and altered organic matter, sediment, or 

sunlight inputs, thus the Field of Dreams approach to stream naturalisation is simplistic and unlikely to 

result in increased biodiversity or the return of ‘sensitive’ species in most circumstances. For a detailed 

consideration of the methods and issues of river naturalisation see Suren et al. (2004).

No. 2 Drain is atypical to many other naturalisation projects in that it is a totally artificial waterway, 

created as part of a network of channels to drain wetland areas to allow the land to be used for 

agriculture and horticulture. Therefore, we believe it is more accurate to refer to it as a naturalisation 

project (rather than using the term ‘restoration’) as it is aiming to give the waterway a less utilitarian 

appearance (i.e., box drain) by making it look more like a natural stream channel. For such a system 

where there is no pre-degradation ecological condition to guide naturalisation goals, the best approach 

is to consider what habitat improvements and changes to aquatic invertebrates and fish communities 

could occur given the nature of the catchment, extent of naturalisation, and ability of ‘desirable’ 

taxa to colonise. Ideally, the naturalisation of No. 2 Drain would include the planting of the riparian 

zone with thick vegetation that would eventually result in a closed canopy to provide shade and 
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reduce water temperatures, act to filter pollutants from runoff, and with time contribute organic 

matter, including woody debris, to the stream channel. However, with the majority of the naturalised 

channel flowing through the Christchurch Golf Club course, to suit the requirements of the golf course 

administrators, only low vegetation such as sedges and small shrubs were able to be planted. While a 

lack of canopy cover does not necessarily preclude aquatic biodiversity gains it may introduce further 

limitations to realising biodiversity goals for this naturalisation project.

4.2 Habitat Effects

The naturalisation of No. 2 Drain has had the desired effect of increasing habitat heterogeneity in 

that there is now a greater variability in channel width, water depth, water velocity, substratum 

size, and riparian vegetation cover along the naturalised section. As the No. 2 Drain catchment is 

predominantly sand, there was the potential that sand could be transported to the naturalised reach 

and smother the new stony substrate that had been established there. Thus far, the three naturalised 

sites have maintained the coarser substratum that was established during naturalisation works. This 

probably is a result of the combined effects of the sediment trap on the northern edge of Queen 

Elizabeth II Drive at the upstream end of the naturalised section, the design water velocities of the 

naturalised section preventing the deposition of sand in riffles (especially Sites 1 and 2), and the low 

gradient of the catchment meaning flows even during storm events are relatively benign. 

The 22 February 2011 earthquake resulted in some lateral spread and liquefaction inputs predominantly 

around Site 1 (between Lake Terrace Road and Horseshoe Lake). This has smothered some of the stony 

streambed with sand. Additionally, bank movement, subsidence, and potentially altered groundwater 

levels have caused increased channel width and water depth, and reduced flow velocities for much of 

this reach. These changes have effectively degraded a significant proportion of bluegill bully habitat 

which was the design species for this reach, with only a very short section of shallow, swift flow over 

a stony substratum remaining in the downstream-most portion of the channel. 

4.3 Aquatic Invertebrate Effects

Shifts in the invertebrate community after naturalisation were observed at all sites, including the 

control site (Site 4), indicating that such changes observed in the naturalised reach are not necessarily 

the result of habitat changes created by naturalisation works. Indeed, these shifts largely resulted 

from changes in the relative abundances of a small group of common, dominant taxa, rather than 

any appearance of significant numbers of new taxa taking advantage of the newly created habitat. 

However, after being absent from all the 2006 pre-naturalisation samples, several EPT taxa (caddisflies 

only) appeared in the 2008 and 2010 post-naturalisation samples. These accounted for a very small 

proportion of all the animals captured so were a very minor component of the invertebrate community. 

Interestingly, they also appeared at the control site (a timber-lined box drain) and caddisfly diversity 

was actually at its highest at this site in 2008. This indicates that habitat quality was not necessarily 

a major issue for these taxa when the channel was a boxed drain. Their presence at the control site 

would imply they have been present in the catchment for some time, albeit in low numbers–making 

them easy to miss during sampling. Alternately they may have colonised the naturalised reach before 

penetrating further upstream, although this seems unlikely given the short time between completion 

of the works and the 2008 sampling occasion (i.e., less than six months) and the diversity seen at the 

control site at this time.

The so-called “clean water” non-Hydroptilidae caddisfly taxa encountered (e.g., Hydrobiosis, 
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Hudsonema amabile, Triplectides, Pycnocentrodes, Oecitis, and Psilochorema) are found in other 

Christchurch waterways at sites with suitable habitat (McMurtrie, 2009; James, 2010). These are 

taxa that are able to persist in urban settings and account for most of the EPT taxa that would be 

expected to be present in similar peri-urban Christchurch waterways. While it is unclear whether 

the naturalisation works have had anything to do with the appearance of these taxa in 2008, their 

presence (albeit in small numbers) is encouraging. There are other “clean water” taxa that are 

common throughout New Zealand in habitat with swift water and a clean stony substratum (e.g., 

the mayfly Deleatidium) that were not present, even in the riffle habitat of Site 1, however this is the 

case in many waterways in the city, some of which previously had such taxa. The ability of such taxa 

with a flying adult stage to colonise No. 2 Drain is probably impeded by various barriers, especially 

the distance from source populations. Indeed, a recent German study by Sundermann et al. (2011) 

showed that only where source populations of additional desired taxa existed within a 0–5 km ring 

around the enhanced sites were benthic invertebrate assemblages improved by stream naturalisation. 

No. 2 Drain is greater than 5 km away from the nearest populations of more sensitive EPT taxa, such 

as the common mayfly Deleatidium in the upper Styx River. Another significant barrier is the urban 

and rural landscape between such populations and No. 2 Drain, with light pollution and a lack of 

continuous thick vegetation not being particularly favourable for flying adults to reach the improved 

habitat (Suren et al. 2004). Furthermore, we have only resurveyed some 2.5 years after completion 

of naturalisation works, which is unlikely to be sufficient time for some invertebrates to successfully 

colonise the new habitat. Few studies have investigated how long it takes for a restored or naturalised 

waterway to be colonised by all potential invertebrate taxa in a region. However, Langford et al., 

(2009) found that recovery of “clean water” taxa following removal of pollution sources in heavily 

polluted streams was strongly influenced by proximity to sources of potential colonisers. At sites 

where “clean water” colonisers were nearby, colonisation occurred within 2–5 years, while at a site 

isolated from colonisation sources, no colonisation by “clean water” taxa was seen after 30 years.

Another caddisfly, the hydroptilid Paroxyethira eatoni-group was found at Site 1 during some 

additional invertebrate sampling undertaken around one month after flow had resumed in the 

naturalised channel (Figure 20). This sampling was not part of the current study and was undertaken 

to determine if enough invertebrates had colonised to provide a food source for fish and hence allow 

FIGURE 20 The hydroptilid caddisfly Paroxyethira eatoni-group was found at Site 1 on 23 June 2008 approximately 
one month after flow had resumed. This was the first time we had encountered this species in Christchurch 
waterways.
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the release of the captive bluegill bullies. This was the first time we had encountered this species in 

Christchurch waterways and interestingly was found in what was effectively a new channel. Perhaps 

it has a preference for freshly disturbed streambeds. It is quite likely this species has always been 

present in Christchurch waterways, but may be very rare and thus has not turned up in past samples. 

To more reliably detect such taxa more intensive sampling is required and we were probably just 

lucky to find a few individuals in our samples.

As part of another study investigating the ecological impacts of the earthquakes, invertebrates 

were resampled at Site 1 two months after the 22 February 2011 earthquake making a before-after 

earthquake comparison possible for this site (James & McMurtrie, 2011). Despite the earthquake 

resulting in liquefaction inputs, increased channel width, water depth, and fine sediment depth, 

and reduced flow velocities for much of the reach at Site 1, there was little impact on the aquatic 

invertebrate community or any calculated biotic indices at this site. At Site 1 the post-earthquake 

samples collected in April 2011 were very similar to those collected in December 2010, with the 

invertebrate community dominated by the snail Potamopyrgus antipodarum, which accounted for 90% 

and 80% respectively of all individuals captured on these dates. The next most common species was 

the amphipod Paracalliope fluviatilis which accounted for 4% and 10% of all individuals respectively. 

These taxa are very common throughout Christchurch and are tolerant of, or prefer, fine substrates 

and lower flow velocities, thus the effects of the earthquake on the instream habitat of Site 1 would 

not have been expected to have had a great impact on such species. The only potential earthquake 

effect on invertebrates was a reduction in caddisfly taxa richness with only two taxa found after the 

earthquake (April 2011) compared to five before (December 2010). It is conceivable that the taxa that 

were lost (Psilochorema, Hydrobiosis, and Pycnocentrodes) were adversely affected by liquefaction 

inputs as all are considered to prefer stony substrates. However, as already noted, these taxa were a 

very small component of the invertebrate community and their non-detection after the earthquake 

maybe a result of their rarity in No. 2 Drain. Despite the lack of effects on the invertebrate community, 

leaving the fine liquefaction sand in this Site may limit the future potential colonists of this formerly 

swift, shallow, and stony-bottomed habitat.

4.4 Fish Effects

The most notable effect on the fish community of No. 2 Drain was the dramatic increase in common 

bully catch per unit effort (CPUE) at Sites 1 and 2 in 2008, some six months after naturalisation works 

had been completed. It would appear large numbers of this species colonised the newly created 

habitat. They are the most widely distributed bully species in New Zealand, are found in a wide 

range of habitats (streams, rivers, and lakes), and have been described as a “very adaptable fish” by 

McDowall (1990). Perhaps these qualities contributed to this phenomenon at Sites 1 and 2 of No. 2 

Drain. Furthermore, common bullies prefer to spawn under rocks which were more abundant and 

accessible post-naturalisation. Previously, the existing substrate was quite embedded and there was 

minimal cover for the large-bodied common bully (up to 150 mm, commonly 110 mm long) compared 

to the bluegill bully which is the smallest bully species in New Zealand (up to 93 mm, commonly 

50–60 mm long). However, common bully CPUE declined to nearer pre-naturalisation levels in 2011, 

indicating that there may have been some kind of short-lived boom in either food supply or habitat 

availability (or both) before numbers declined to a more stable level. A similar but not as dramatic 

pattern was seen for upland bully. This species is probably the most common and widespread bully 

in the South Island and like the common bully, occurs in a wide range of habitats (McDowall, 1990) 
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and is thus similarly well placed to take advantage of new habitats such as those of No. 2 Drain soon 

after naturalisation works were completed.

Perhaps the most important finding was that the bluegill bully population has been maintained at Site 

1 and that they have colonised the section of newly created habitat upstream of Lake Terrace Road (Site 

1A). Prior to naturalisation this section (Site 1A) had slow water velocities and a sandy substratum 

and provided no bluegill bully habitat, thus the naturalisation works successfully increased the area 

of suitable habitat for this species. Of concern however, is the decline in bluegill bully CPUE over time 

at Site 1 and 1A. Although this decline is relatively small compared to that of common bully between 

2008 and 2011, there is the potential that their abundance is decreasing. However, it must be noted 

that the very habitat alterations undertaken to improve fish habitat (e.g., addition of more rocks and 

boulders, planting of riparian vegetation) by increasing habitat complexity, has made the sampling of 

fish more difficult. This is especially the case for small-bodied fish like bluegill bullies which inhabit 

the spaces between rocks, such that during electrofishing some individuals may remain trapped 

among the rocks and not be captured. Therefore, the CPUE declines observed may equally be related 

to more difficult fish sampling conditions after naturalisation compared to before. 

As the most recent sampling occurred in April 2011, after the 22 February earthquake, there is a 

potential the 2008 to 2011 decline in bluegill bully CPUE may be earthquake related. At this time (April 

2011) it was evident that much of the specially designed habitat characteristics of the Site 1 reach 

between Lake Terrace Road and Horseshoe Lake to provide optimal bluegill bully habitat (i.e., swift, 

shallow water with a clean stony substratum) had been altered. Liquefaction sand had smothered 

much of the bed, the water levels had changed such that the wetted width and water depth were 

greater, and water velocities had decreased. Jowett & Richardson (2008) found the average physical 

habitat characteristics for bluegill bully to be 0.24 m deep, with a water velocity of 0.68 m/s, and 

a substrate size of 51 mm (very coarse gravel). The only part of this section that retained water 

velocities and substrate anywhere near these preferences (i.e., shallow, swift water with a clean 

stony substratum) was a short reach immediately upstream of Horseshoe Lake, which then becomes 

inundated at high tide, meaning these swift water velocities are only present during low tide. Thus the 

earthquake has caused a reduction in optimal bluegill bully habitat, and indeed most of the bluegill 

bullies captured at this Site after the earthquake came from this confined area. Other factors such as 

increased competition for food and space could have also caused a potential decline in bluegill bully 

abundance as reductions in CPUE were also observed between 2006 and 2008 at Site 1, and at Site 1A 

between 2008 and 2011, even though this site did not appear to have been affected by the earthquake. 

Given the huge numbers of common bullies in 2008 (>400 in a 16 m2 reach), competition for food 

and space may well have caused a decline in bluegill bullies at that time. Given the drop in common 

bully numbers in 2011, and with remediation of the earthquake damage to Site 1, it is possible the 

bluegill bully population will increase again.

4.5 Has the Naturalisation of No. 2 Drain Resulted in any Ecological  
Improvements?

Overall, the naturalisation of No. 2 Drain has resulted in a major aesthetic improvement and minor 

ecological improvement with some small ecological gains observed compared to pre-naturalisation 

conditions. Throughout the naturalised section, the pre-naturalisation fish community has been 

retained indicating that the fish species present in the catchment have naturally recolonised the 
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newly created habitat. For some species, such as common bully, upland bully, and shortfin eel, the 

naturalisation of No. 2 Drain directly increased populations through the creation of more suitable 

habitat and cover. There is no doubt the aim to maintain the bluegill bully population at Site 1 and 

expand the area of suitable bluegill bully habitat upstream of Lake Terrace Road into Site 1A, has 

been successful. Despite a decline in CPUE over time, good numbers of bluegill bully can be found at 

these sites some 2.5 years after 97 individuals were released at Site 1, which implies the newly created 

channel design meets the habitat preferences of bluegill bully not only in theory but also in practice. 

While there were no dramatic changes to the invertebrate community that could be attributed to the 

naturalisation, the larvae of several caddisfly species are now found at all sites (including the control 

site), although they contribute a very small proportion of the total invertebrate community. Although 

these taxa were not found in 2006 and subsequently appeared in 2008, the fact they also appeared 

at the control site makes it unlikely their appearance was solely the result of stream naturalisation. 

Because individuals of these taxa are relatively rare it is impossible to know if they appeared in the 

naturalised reaches because of the naturalisation work or have been present in the catchment for 

some time and missed during previous sampling because of their rarity. Whatever the case, it is 

encouraging to have these caddisfly taxa present in the catchment.

Other ecological improvements were evident that were not quantified as part of this study. Schools 

of inanga have been seen above Lake Terrace Road indicating this species is now penetrating up 

No. 2 Drain with ease; previously the road culvert at Lake Terrace Road was a barrier to the free 

movement of this species. Additionally, the open nature of the naturalised section is now much more 

accessible to wildlife (e.g., birds including the native pukeko – Porphyrio porphyrio) compared to the 

former box drain design, while the pond area has provided a new habitat for water fowl, with the 

endemic diving-duck New Zealand scaup (Aythya novaeseelandiae) being observed there. The now 

well-established riparian vegetation of the naturalised section may provide nesting habitat for some 

waterfowl species and cover for fish, as well as shading of the streambed. 
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5 RECOMMENDATIONS

5.1 Action Points
 » The earthquake damage to the reach at Site 1 needs to be repaired as soon as possible. This should 

involve the careful removal of liquefaction material from the streambed and the reinstatement of 

the design depth, width, and velocity characteristics as far as it is practical. Such works will 

require input from an aquatic ecologist to ensure the remaining bluegill bullies and optimal 

habitat is protected.

 » Since the present study only extends to 2.5 years after the naturalisation of No. 2 Drain, ongoing 

monitoring is required to determine if further ecological gains emerge over the long-term (e.g., 

colonisation by new fish and invertebrate taxa). While this project has shown that fish can 

almost immediately respond to habitat improvement (e.g., bluegill bullies colonising Site 1A 

and common bullies colonising Sites 1 and 2), it may take longer for invertebrates to respond, 

especially those that require colonisation by flying adults. Therefore it would be sensible for the 

ongoing monitoring of fish and invertebrate communities to be undertaken on different time 

scales. Ideally, we propose that at all fish sites would be resurveyed every three years, while 

invertebrates would be monitored every five years. 

 » Given the main rationale for the design of Sites 1 and 1A was to provide bluegill bully habitat 

and that bluegill bully CPUE has declined over time, future monitoring of the fish community is 

required to determine trends in fish (especially bluegill bully) abundance. Monitoring these sites 

needs to be more regular (ideally every two years) to have a better chance of determining any 

causes of abundance fluctuations. 

 » Additional planting of shrub and small tree species on the banks of the reach around Site 3 to 

ultimately improve shading (to reduced water temperatures), filter nutrients, and provide organic 

matter to this section. While the plantings for much of naturalised section were constrained by 

the requirements of the Christchurch Golf Club, the reach around Site 3 is outside the golf course 

and has open space (mowed lawn) on the true-right bank that should be more heavily vegetated 

with regionally appropriate native shrub and tree species.

 » If certain invertebrate taxa do not colonise the naturalised section over time, and colonisation 

barriers are deemed too great to allow for natural colonisation, the option to introduce certain taxa 

into No. 2 Drain should be investigated (this would first require more longer term monitoring). If 

introduction of a species was proposed, key factors on the viability of such an introduction would 

first have to be determined; that there were no overlying habitat (terrestrial or aquatic) or water 

quality issues that would prevent their survival and that the length of the naturalised reach is 

sufficient to support a self-sustaining population.   

5.2 Leasons Learnt
 » Despite the sandy catchment and low gradient nature of No. 2 Drain, there was no evidence that 

the stony streambed installed during naturalisation is being smothered by sediment (with the 

exception of earthquake derived material at Site 1). This is probably at least partially the result of 

a sediment trap that was installed just upstream of the naturalised section next to Queen Elizabeth 

II Drive. This trap is likely to reduce the amount of sand that is transported downstream provided 

trapped sand is regularly removed. Furthermore, the water velocities at two of the sampling sites 

were too swift for fine material to settle out. Wherever there is any potential for sediment to 
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smother the naturalised section, future naturalisation projects should incorporate sediment traps 

and create flow environments that discourage sediment deposition.

 » To gauge their success (or otherwise), post-naturalisation monitoring programmes should not 

necessarily assess the various ecological components (i.e., fish, invertebrates, plants) on the same 

time scales. While this project has shown that fish can almost immediately respond to habitat 

improvement (e.g., bluegill bullies colonising Site 1A and common bullies colonising Sites 1 and 

2), it may take longer for invertebrates to respond. This is especially the case for some more 

sensitive species such as mayflies that may have to colonise as flying adults over great distances. 

Therefore, invertebrate responses should be measured over a longer time period (5–8 years) than 

for fish (3–4 years).

 » For projects where detecting uncommon invertebrate taxa is important, such as the current study, 

a more intensive sampling effort should be employed (i.e., more samples taken) than would 

be undertaken for more standard surveys. This will increase the chances of collecting rare but 

important animals that may be indicative of increased habitat quality (e.g., the non-hydroptilid 

caddisflies in the current study). Additionally, this would increase the probability of collecting 

other novel taxa that may not have been seen in Christchurch before (e.g., the hydroptilid caddisfly 

Paroxyethira eatoni-group in the current study).

 » If a naturalisation project is aiming to improve ecological values, it  is important to have defined 

goals right from the planning stage. While this project has achieved one measurable ecological 

goal (to retain the bluegill bully population), the scientific literature on the topic indicates there is 

the potential for many projects to have unrealistic and/or nebulous goals. All future naturalisation 

projects in Christchurch need to have clearly defined measurable goals outlined in a guiding 

document. We suggest the standards for ecologically successful river restoration of Palmer et al., 

(2005) are utilised and the monitoring methodologies of Parkyn et al., (2010) are considered. This 

will require the inclusion of appropriate planning and long-term monitoring in all naturalisation 

programme budgets. 
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