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Executive summary

There is an extensive network of streams in the Wellington City area. Many of these
streams have been piped and historically there has been minimal information on their
ecological health (in terms of habitat condition, macroinvertebrate community health
and fish populations). To address this knowledge gap, Greater Wellington Regional
Council (GWRC) has worked with Wellington City Council (WCC) over the last three
years to better understand the ecological health of Wellington’s piped and open urban
streams.

Monitoring commenced in 2016 and has continued over the summer months until 2019.
During this time, a range of open urban streams in Wellington City have been surveyed
on a single occasion to assess habitat condition, macroinvertebrate community health
and fish populations. During this period habitat condition, macroinvertebrate and fish
populations were also surveyed in piped streams by EOS Ecology.

The purpose of the monitoring is to provide a baseline of information from which a
long-term monitoring programme for Wellington City stream ecosystem health can be
developed. This monitoring programme is needed to report against National Policy
Statement for Freshwater Management and GWRC Proposed Natural Resources Plan
objectives for ecosystem health. Information is also needed to inform a range of
Wellington City Council and Wellington Water strategies aimed at reducing the impact
of urban land use on Wellington City stream ecosystems. This report presents the results
of baseline monitoring for open streams. Results for the piped stream survey are
attached in separate reports.

Ecosystem health data collected to date indicate Wellington City urban streams contain
a range of values related to habitat, macroinvertebrates and fish. Key findings were:

e Macroinvertebrate communities were generally in better condition in streams with
less urban landuse and impervious area in the upstream catchment.

e Fish communities within urban streams were generally in fair to poor condition.
However, there is greater fish diversity in sections of stream with direct connection
to the sea.

e Inanga spawning was occurring in bank vegetation in the lower Kaiwharawhara
Stream.

e Banded kokopu and eel species were the most abundant fish species present across
the majority of sites surveyed. Native fish species present included at risk and
declining species such as koaro, inanga, redfin bully, longfin eel and giant kokopu.

e Barriers to fish movement are likely to be one of the major pressures influencing
fish communities in Wellington urban streams. The only fish species found
upstream of piped sections of stream are climbing species (banded kokopu, koaro
and eel species). The presence of banded kokopu and eels in piped stream sections
was confirmed in the piped stream survey.



Macroinvertebrate and fish communities in Wellington City streams appear to be
driven by different environmental stressors. The healthiest macroinvertebrate
communities were generally found higher in catchments where habitat and water
quality degradation from urban runoff is less. In contrast, fish communities were
generally in better condition at sites lower in the catchment where there were likely
to be less barriers to migration to and from the sea. This finding highlights the need
for a whole of catchment approach for improving ecosystem health of Wellington
City streams.

The initial piped stream survey has shown that some sections of piped streams have
habitat which supports fish and macroinvertebrate life, however species richness
and abundance is greater in free flowing streams. The complete enclosing of open
channels significantly reduces habitat quality for stream life and means only a
subset of available taxa within catchments are able to persist there.

The next stage will involve design of a long term monitoring programme of Wellington
City stream ecosystem health. This will involve working with WCC to identify
objectives of the programme, monitoring sites, parameters to be measured, sampling
frequency and reporting required. Targeted investigations needed to answer specific
questions around management actions will also be identified. The programme will be
designed in 2019/20 for implementation in 2020/21.
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Introduction

Background and objectives

There is an extensive network of streams within the Wellington City area. Of
the rivers and streams monitored in the Wellington region, those with
significant urban landuse within their catchments are consistently identified as
having the poorest water quality and ecological health (eg. Mitchell and Heath,
2019). Pressures on these urban streams include:

e Contamination and erosion from stormwater discharges

e Contamination from sewer overflows/cross connections and other
unauthorised discharges

e Habitat degradation through straightening and lining of stream banks with
concrete or rock armouring

e Loss of stream habitat and function through stream piping and reclamation

e Barriers to fish migrations such as weirs and perched culverts

Water and habitat quality in urban streams is frequently poor, reflecting the
land use activities in surrounding urban catchments. This in turn affects biota,
the ability of people to use waterways for recreation, and degrades downstream
receiving environments. The poor ecological health of urban stream systems is
commonly referred to as “urban stream syndrome” (Walsh et al., 2005), where
several physical, chemical and biological characteristics of urban streams are
altered. Urban stream health has been shown to be strongly correlated to the
amount of impervious surfaces such as roofs, roads and carparks in the
catchment (Walsh et al., 2005).

Previous analyses have shown that urban stream health in the Wellington
region (indicated by macroinvertebrate communities) decreases to fair/poor
condition with increasing impervious land cover greater than approximately
15% (Warr, 2009). However, to date, there is not a full understanding of the
range of ecosystem health values related to habitat, fish and macroinvertebrates
across the range of Wellington urban streams (James, 2015). Nor is there any
ecological information on the habitat quality, macroinvertbrates and fish in the
piped stream systems across Wellington City (James, 2015). This information
Is required to inform the decision making related to managing the effects of
land development and stormwater management.

Greater Wellington Regional Council (GWRC) is implementing a programme
to identify and monitor the ecosystem health values of Wellington City’s urban
streams. The programme includes assessments in open and piped streams and
is jointly funded by Wellington City Council (WCC) and GWRC.

Stage one monitoring commenced in 2016 and continued over the summer
months until 2019. During this time, a range of open and piped streams in
Wellington City have been surveyed to assess habitat condition,
macroinvertebrate community health and fish populations. (see the piped
streams project reports attached in Appendix 2). The intention of this
monitoring was to provide a baseline assessment of ecosystem health, which
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1.2

would then inform a long-term monitoring programme to measure the state and
trends in the ecosystem health of urban streams in Wellington City (Stage two).

This monitoring will be used to report against the objectives in the National
Polity Statement for Freshwater Management and Proposed Natural Resources
Plan (PNRP) for the Greater Wellington Region. The monitoring results will be
used to assess the effectiveness of Wellington City Council strategies which
aim to decrease the impacts of urban land use and stormwater runoff on
Wellington City streams.

This report presents the results of Stage one monitoring of WCC urban
streams. The report also explores the likely effects of urbanisation on stream
ecosystem health in Wellington City streams. Finally, next steps for long term
monitoring of state and trends in the ecosystem health of streams in Wellington
City (stage two) are presented.

Linkages to management of urban streams in Wellington City

There are several management strategies and policies which require
information on the current state of ecosystem health of Wellington City urban
streams and seek to reduce the effect of surrounding urban land use (Table
1.1).

Assessments of urban stream ecosystem health using habitat,
macroinvertebrate and fish will support these policies and strategies by:

e Identifying the range of biodiversity values in Wellington City’s urban
streams related to fish and macroinvertebrate communities;

e ldentifying habitat requirements for the management of healthy fish and
macroinvertebrate communities in urban environments;

e Providing reliable data for community groups to target areas for restoration
activities;

e Raising awareness of urban stream biodiversity among local communities

e Understanding the current distribution of fish species within the city and
changes from historical distributions;

e Assessing the effectiveness of management actions; and

e Understanding how and where to prioritize actions such as improvements
to fish passage in open and piped streams.

The monitoring programme will be designed to provide as much information as
possible to inform these policies and strategies. However, it won’t be possible
to answer all questions about the effect of urban land use in WCC on stream
ecosystem health. In some cases targeted studies may need to be set up to
answer specific questions such as the effectiveness of stormwater action plans.
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Table 1.1: Strategies and policies related to the management of urban stream
ecosystem health in Wellington City

Agency

Strategy/Policy

Linkage

Greater Wellington Regional
Council

Proposed Natural Resources
Plan and National Policy
Statement for Freshwater
Management

Assessment of objectives
related to ecosystem health

Wellington City Council

Our Natural Capital

Identification of biodiversity
values and
maintaining/improving these
values into the future

Wellington City Council

Resilience Strategy

Understanding of current
urban freshwater ecosystem
health and effects of any
actions to improve stormwater
quality entering urban streams

Wellington City Council

Urban Growth Strategy

Understanding the effects of
future urban development
options or urban stream
ecosystem health to minimise
any impacts

Wellington City Council/New
Zealand Transport Authority

Roading strategies

Effects of roading
maintenance and construction
on urban stream ecosystem
health

Wellington Water/Wellington
City Council

Stormwater management plans

Assessment of stormwater
management actions related
to the improvement of urban
stream ecosystem health

Wellington Water

Stormwater system maintenance

Information to assist with the
maintenance of stormwater
assets and allowances for fish
passage through piped
streams
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Methods

2.1 Site location and data collection

Fifty one survey sites were spread across a range of urban streams throughout
the WCC area, including sites upstream of urban areas and stream sections
within the current urban footprint. Sites were also located in catchments with
no current urban land use (Waipapa Stream catchment on the Wellington South
Coast; South Makara stream catchment) (Figure 2.1). Data collected at each
site is outlined in Table 2.1.

Catchment Name @ Miamar @ Tepoti
O Kaiwharawhara (O Moturca © Wadestown
@ Karori @ nNgouranga @ Waimapihi 0 225 4.5 km
Q  Kumutoto @ Owhino © Waipapa et
@ Lyal Bay () Paikawakawa @ Waitangi
@ Mahangs @ Fipitea Stream

Figure 2.1: Locations of Wellington City stream sites surveyed for habitat quality,
macroinvertebrate and fish community health between 2016 and 2019 (see Table
2 for site names and details)

PAGE 4 OF 33



Ecosystem health in Wellington City Urban Streams: Stage 1 summary report

Table 2.1: Location of survey sites and data collected at each site (v = collected
2018/19; v" = collected 2017/18; v" = collected 2016/17)

Fish
. . . Macro-
Catchment Site code | Site name Habitat invertebrates E_Iecj[ro Spotlight
Fishing
K1 Karori S at Karori Pk \/ v v \/
K2 g?ron S at Castlemaine v v v v
Karori S at Makara Peak
K4 Mt Bike Pk 4 4 4
K5 Karori S at Makara coast \/ \/ \/ \/
South Makara S tributary
Karori K6 at South Makara Rd v v v v
Kéa South Makara S at v
South Makara Rd
K7 Egrorl S at South Karori v v v
K8 Karori .S opposite v v v
Sunshine Ave
K9 Karori S at Darwin St \/ \/ \/ v
K10 Karori S at Futuna Cl v v
Ngauranga S at
N1 Newlands Rd \/ \/ \/
N2 Ngauranga S near Alex v Ve v
Moore Pk
N3 Ngauranga S at Mount v v v
Kaukau
N4 Ngauranga S at Tyers v v v
Ngauranga Stream Reserve
N5 Ngauranga S at Taylor v v v
Prestons
Ngauranga S at
N6 Ngauranga Gorge rail v
crossing
N7 Ngauranga S 400m v v v v
above mouth
W Moturoa S at bottom of v v v
Central Pk
Moturoa Vot Sattonof
M2 oturoa S at top o v v v
Central Pk
Kai Kaiwharawhara S below v v v v v
the dam
Kai2 Kalwharavyhara S below vV v v v
piped section
Kaiwhara- . Kaiwharawhara S at
whara Kai3 Otari Wilton’s Bush \/ v 4 \/ v v
Kaid Kalyvharawhara S below \/ \/ \/
Korimako confluence
Kai5 gorlmako Sat Girl \/ v v \/ \/
uides
Kai6 Kawyharawhara Sat v v v
Ngaio Gorge
. Kaiwharawhara S at
KaiSpt Spotlight vV
. Owhiro S upstream of
Owhiro Ol |TNT Lo v v v v
O1a Owhiro S on Ohiro Rd \/
below Brooklyn town
Owhiro S headwaters at
S v
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Table 2.1 cont: Location of survey sites and data collected at each site (v =

collected 2018/19; v = collected 2017/18; v" = collected 2016/17)

Fish
. . . Macro-
Catchment | Site code | Site name Habitat | .- o tebrates Electro .
e Spotlight
Fishing
Owhiro S downstream of
028 | INT Landil v v v v
Owhiro 0% Owhiro S below Landfill v
Rd Confluence
Owhiro S at S landfill
026 | 4ate on Landiill Rd v
03 Owh|rc_> S upstream of vV v Ve Ve
Murchison St
Oda Owhiro S downstream of v v v v
Happy Valley Rd
Kumutoto KMO1 Etrjlimutoto Stream at Vic v v \/
Lyall Bay LBO1 Ngaroma Stream v v v
Mahanga MHO1 Mahanga Bay Stream v v v
Miramar MRO1 Maupuia Stream v v v
PAOT Island Bay Stream trib at v v v
. Farnham St
Paikawakawa sland Bay St T at
PAO2 sland Bay Stream trib a v v v
Mana Karioi
PTO1 Puketga Stream at v v v v
Botanical Gardens
Pipitea Pipitea Stream at
PT02 Botanical Gardens v
below pond
Te Poti TPO1 | Te Poti Stream v v v
WA01 | Waimapihi Stream v v v
Waimapihi WAO02 Clinical Track Stream v v v
WA03 | Polhill Stream v v v
WPO1 Waipapa Upstream v v v v
Waipapa -
WP02 Waipapa Stream at v v v
coast
WT01 | Bells Rd Stream v v v
Waitangi - -
P Papawai S at Prince of v v v
Wales Pk
Wadestown WD1 Wadestown Stream \/

2.2

Habitat Assessments

Habitat assessments were completed at 41 sites (once at 36 sites, twice at 5
sites — Table 2.1) following methods outlined in Clapcott (2015). Habitat
assessments were only collected at sites where macroinvertebrates were
collected which covered the range of stream types and urban impacts across
Wellington City. The assessment provides an indication of the physical stream
habitat condition and its ability to support stream biota. The assessment
deposited sediment cover,

incorporates the following
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macroinvertebrate habitat abundance and diversity, fish habitat abundance and
diversity, hydraulic heterogeneity, bank erosion and vegetation, and riparian
width and shade. Each category is scored between 1 (‘poor’) and 10
(‘excellent’). Summation of individual scores provides an overall total habitat
quality score for each site (lowest and highest possible scores are 10 and 100,
respectively).

Macroinvertebrates

Macroinvertebrates were sampled at 41 sites with hard bottom substrate on a
single occasion (Table 2.1). The sites sampled encompassed the range of
streams and gradient of urban impacts across Wellington City. Where
practicable, samples were not taken within two weeks of any flood event (flood
events are defined as flows greater than three times the median river flow).
Samples were collected with the use of a kick-net (0.5 mm mesh size)
following Protocol C1 of the national macroinvertebrate sampling protocols
(Stark et al., 2001). All samples are processed in accordance with Protocol P2
(Stark et al., 2001).

Macroinvertebrates were collected to calculate the Macroinvertebrate
Community Index (MCI) and Quantitative MCI. The MCI is an index of
sensitivity to a wide range of environmental variables (Stark and Maxted,
2007) used to measure macroinvertebrate community health. The MCI is used
in the GWRC’s PNRP to measure ecosystem condition according to river
classes defined by Clapcott and Goodwin (2014) (Table 2.2).

Table 2.2: MCI ecological condition classifications from Clapcott and Goodwin
(2014) based on river class in the GWRC PNRP

MCI ecological condition class
River class
Poor Fair Good Excellent
1 | Steep, hard sedimentary <110 | 110-120 120-130 2130
2 |Mid-gradient, coastal and hard sedimentary <80 | 80-105 105-130 2130
3 | Mid-gradient, soft sedimentary <80 | 80-105 105-130 2130
4 | Lowland, large, draining ranges <90 | 90-110 110-130 2130
5 b\(/)vyland, large, draining plains and eastern <80 | 80-100 100-120 >120
airarapa

6 |Lowland, small <80 | 80-100 100-120 2120
Fish

Fish surveys were conducted at 51 sites using backpack electrofishing and/or
spotlighting, depending on stream habitat, at representative habitats in each
sampling reach. Not all fishing methods were carried out at each site because
of dangerous conditions or site access issues. Fishing methods used at each site
are listed in Table 2.1. In 2016, inanga spawning assessments were conducted
in Kaiwharawhara and Owhiro Streams (see Marshall and Taylor (2018) for
more information).
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2.5
251

2.5.2

The Index of Biotic Integrity (IBI) was calculated for each site to provide an
indication of overall fish community condition and interpretation of scores was
based on recommended classes in Joy (2004) (Table 2.3).

Table 2.3: Thresholds for interpretation of 1Bl scores for the Wellington Region
from Joy (2004)

IBI score | Integrity class |Attributes

Comparable to the best situations without human disturbance; all regionally
52-60 Excellent expected species for the stream position are present. Site is above the 97th
percentile of Wellington sites.

Site is above the 90th percentile of all Wellington sites; species richness is

48-51 Very good slightly less then best for the region.

Site is above the 70th percentile of Wellington sites but species richness

3847 Good and habitat or migratory access reduced some signs of stress.
. Score is just above average but species richness is significantly reduced

30-37 Fair . S

habitat and or access impaired.

Site is less than average for Wellington region IBI scores, less than the 50th
18-29 Poor . SO . .

percentile, thus species richness and or habitat are severely impacted.
2-17 Very poor | Site is impacted or migratory access almost non-existent.

0 No native fish | Site is grossly impacted or access for fish is non-existent.

Data analysis

Impervious and vegetated area within each catchment

To get an indication of potential pressure from urban land use, the area and
percentage of impervious and vegetated land cover in the catchment upstream
of each site was calculated in ArcGIS Pro. Impervious and vegetated areas
were defined using methods outlined by Kaspersen et al.(2015) using Sentinal
2b satellite imagery which covers Wellington City on the 15th June 2019. To
estimate impervious and vegetated areas the Soil Adjusted Vegetation Index
(SAVI) defined by Kaspersen et al.(2015) was used and reclassified so that
values less than 0.9 were given the value of 1 (impervious surface) while all
others were given 0 (vegetation). The resulting raster dataset was clipped to the
Wellington City boundary and the values converted to vector polygons. All
analysis was conducted in ArcGIS Pro.

Building outline data and road/rail parcel data were added to the analysis to be
joined with the SAVI polygons. Some manual processing of the data also
occurred for quality assurance purposes.

Macroinvertebrate and fish community structure

Similarities in macroinvertebrate and fish community structure between sites
were analysed using the Bray-Curtis similarity measure, and visualised using
non-metric multidimensional scaling ordination (NMDS) in Primer version 7.
The Pearson correlation coefficient was calculated to determine the
environmental factors correlated with each axis in the NMDS ordination. All
analyses were conducted on relative abundance data, which was fourth root
transformed.
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Results

Habitat condition

Overall, habitat scores ranged from fair (33.5/100 at Ngauranga Stream at
Taylor Prestons site N5) to excellent (94/100 at Waipapa Stream site WP01)
with a median score of 73.25. Sites with the greatest habitat condition were
generally located in stream segments upstream of urban areas (eg. Waimapihi
Stream in Aro Valley) or in catchments with no urban cover and regenerating
vegetation (eg. Waipapa stream on the Wellington South Coast) (Figure 3.1). A
summary of the overall habitat scores and scores for each variable at each site
is provided in the supplementary data spreadsheet.
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Total Habitat Score @ 30-50 (poor) (@  70-90 (good)
@ 1030 (verypoor) O 50-70 (fair) @ 90-100 (excellent) 0 225 4.5 km
Stream | IS N I S|

Figure 3.1: Results of habitat assessments at each survey site sampled between
2016 to 2019. The total habitat assessment score is shown for each site.

3.1.1 Macroinvertebrates

MCI scores ranged from 59 (poor ecological condition) at site N1 on
Ngauranga Stream at Newlands Road, to 131 (excellent ecological condition)
at site N3 on Ngauranga Stream at Mount Kaukau.
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The five highest MCI scores were at sites:

N3 (Ngauranga Stream at Mount Kaukau): 131

K6 (South Makara Stream Tributary at South Makara Road: 129
K2 (Karori Stream at Castlemaine Close): 122

WP02 (Waipapa Stream at South Coast): 122

WAO1 (Waimapihi Stream): 119

The five lowest MC1 scores were at sites:

N1 (Ngauranga Stream at Newlands Road): 58

N2 (Ngauranga Stream near Alex Moore Park) : 62

K9 (Karori Stream at Darwin Street): 72

O4a (Owhiro Stream downstream of Happy Valley Road): 73
K1 (Karori Stream at Karori Park): 73

The highest MCI scores were generally in areas with the greatest habitat
quality (e.g. greater riparian cover) and the lowest levels of urban development
in the surrounding catchment (Figure 3.2 and supplementary data spreadsheet).
The lowest MCI scores were in catchments with higher levels of urban landuse.
As impervious area in the upstream catchment of a site increased there was a
decrease in the relative abundance of Ephemeroptera, Plecoptera and
Trichoptera (EPT) taxa which are sensitive to poor water and habitat quality.
Sites with higher levels of imperviousness in the upstream catchment had
higher relative abundances of taxa such as Diptera, Oligochaeta and Mollusca
(primarily Potamopyrgus and Physa species) which are tolerant of poor habitat
and water quality (Figure 3.3).

The percentage of impervious area upstream of a site had a possible influence
on the type and abundance of macroinvertebrates present at a site, with a high
negative correlation between percent impervious area upstream and position on
axis 1 in the ordination plot. Furthermore, sites with less impervious area
upstream (more vegetation cover upstream) and better habitat condition (e.g.
less deposited sediment and greater habitat diversity were generally associated
with greater MCI/QMCI scores (i.e. more taxa sensitive to poor water quality
and habitat disturbance), taxa richness, percentage EPT abundance and EPT
richness. The amount of riparian shading (assessed using the habitat
assessment protocol) also had a high correlation with the composition of the
macroinvertebrate community on axis 2 of the ordination (Figure 3.4, Table
3.1).
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MCI ecological condition @ Good @ Poor 0 225 4.5 km
@ Excellent Q Fair Stream L S|

Figure 3.2: MCl ecological condition class (defined by Clapcott and Goodwin
2014) at each site where macroinvertebrates were collected between 2016 and
2019
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Increasing imprevious area upstream

el \

@@‘\u&o@@@@& o"’@@&d".@\i’@'&\;@“

Relative abundance
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100%
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60%
50%
40%
30%
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0%

& & & & 6"@ QQ']" © Q"'*?\ &

Sites

M Other M EPT (Ephemeroptera, Plecoptera, Trichoptera)  ®m Crustacea  m Diptera W Oligochaeta  m Mollusca

Figure 3.3: Relative abundance of macroinvertebrate taxa groups across all sites from 2016-2019. Sites on the x axis are listed in order of
increasing impervious area upstream. Impervious area calculations for each site are listed in the supplementary data spreadsheet.
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P01 2D Stress: 0.17 Catchment
[ A Paikawakawa
Mo V¥ Waipapa
MRaP! B Te Poti
. Ny WAO2 € Mahanga
Séf;fjféa” X © Miramar
M2 WAO3 -+ Lyall Bay
WAO X Waimapihi
X Kumutoto
o 5 | K2 ’g’ V\lfa.itangi
% 3&4 !I:I v Plplte.El
3 e 0O Karori
Ke < Moturoa
TR e over upstream O Ngauranga
PT richness A Kaiwharawhara
T v Owhiro
Invertebrate habitat abundance WP01
v
WP02
v

Axis 1

Figure 3.4: NMDS ordination of sites based on fourth root transformed macroinvertebrate relative abundance showing correlations with

habitat assessment variables, % imperviousness upstream, % vegetation cover upstream and macroinvertebrate community measures. The
closer the line to the circle the higher the correlation. Correlations with each axis are show in Table 3.1.
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Table 3.1: Pearson correlations with axes 1 and 2 for variables overlaid in the
ordination plot shown in Figure 3.4

Variable Axis 1 Axis 2

Low deposited sediment -0.05 -0.67
Invertebrate habitat diversity 0.22 -0.31
Invertebrate habitat abundance -0.18 -0.66
Riparian shading 04 0.56

Total habitat score 0.37 -0.43
Taxa richness 0.81 -0.35

MCI 0.88 017

Qmcl 0.82 -0.09

EPT richness 0.84 -0.44

% EPT 0.74 -0.43

% imperviousness upstream -0.62 0.37
% vegetation upstream 0.62 -0.37

Fish and koura

Fish communities within urban areas generally had fish 1Bl scores
corresponding to fair or poor condition (Figure 3.5). At some sites no native
fish were collected (IBI score of 0) and overall I1BI scores ranged from 16 (very
poor) to 56 (excellent):

The sites with the lowest IBI scores were:

N5 (Ngauranga Stream at Taylor Prestons): 0

0O2a (Owhiro Stream downstream of TNT Landfill): O

0O2c (Owhiro Stream at Southern landfill gate on Landfill Rd) : 0
MHO1 (Mahinga Bay Stream) : 0

PAOQ2 (Island Bay tributary at Mana Karioi) : 0

TPO1 (Te Poti Stream) : 0

WADO2 (Clinical track Stream) : 0

WTO1 (Bells Road Stream) : 0

K5 (Karori Stream at Makara coast): 16
Kai4 (Kaiwharawhara Stream below Korimoko confluence): 16
02b (Owhiro Stream below Landfill Rd confluence): 16

K10 (Karori Stream at Futuna Close): 18
N4 (Ngauranga Stream at Tyres Stream Reserve): 18
MRO1 (Maupuia Stream): 18
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The sites with the highest IBI scores were:

Kaiwharawhara Stream at Spotlight: 56

WPO02 (Waipapa Stream at coast): 50

K2 (Karori Stream at Castlemaine Close): 42

PTO1 (Puketea Stream at Botanical Gardens): 40

K6 (South Makara Stream tributary at South Makara Road): 40
Kail (Kaiwharawhara Stream below the dam): 38

The sites with the highest IBI scores all had habitat with good to excellent fish
cover diversity and cover abundance (habitat assessment ranging from 8 to
10/10 at sites WP02, K2, PT01, K6 and Kai 1 — see supplementary data).
Kaiwharawhara Stream at Hutt Road/Spotlight and Waipapa Stream at the
coast had direct access to the sea for migration with no barriers.

In total, fourteen fish species were identified along with koura (Table 3.2). Eel
species and banded kokopu were the dominant species across the majority of
sites (Figure 3.6). Climbing species such as eels, banded kokopu and koaro
were the only species found in open stream sections upstream of pipes (e.g.
Kumutoto Stream, Ngaroma Stream, Maupuia Stream and Moturoa Stream).
Whereas species with poor climbing ability such as inanga and the bully
species were only found in streams with direct access to the sea and no barriers
(e.g. lower reaches of the Kaiwharawhara stream) Koura were found in all
catchments except Kumutoto, Mahanga and Wadestown (Table 3.2, Figure
3.6). Potential inanga spawning habitat has also been identified and confirmed
in the lower reaches of Kaiwharawhara Stream in bank vegetation (Marshall
and Taylor, 2018).

The diversity and abundance of fish species was influenced by the diversity of
fish habitat available (including riparian shading and hydraulic heterogeneity).
The pattern of the fish community composition across sites was correlated with
fish habitat cover diversity (Pearson correlation 0.35 axis 1) and riparian
shading (Pearson correlation 0.61 axis 1) and hydraulic heterogeneity (Pearson
correlation -0.38 axis 2) (Table 3.3, Figure 3.7). As fish habitat cover diversity
and riparian shading increased there was a greater range of species present and
higher abundance of banded kokopu (Figure 3.6, Figure 3.7). However, the
correlations with fish community measures (IBI, taxa richness) and
%imperviousness/vegetation cover upstream were not as high as those for the
macroinvertebrate community, which indicates there are other key factors
affecting fish not accounted for (e.g. fish passage barriers) (Table 3.1, Table
3.3).

The native fish collected included at risk and declining species such as koaro,
inanga, redfin bully, longfin eel, giant kokopu (Dunn et al., 2018). The
nationally vulnerable shortjaw kokopu was only found in the Waipapa Stream
on Wellington’s South Coast, which has no urban land use in the surrounding
catchment (Table 3.2, Figure 3.6). See the supplementary data spreadsheet for
a table of fish species identified at each site. Appendix 1 contains photos from
fish sampling from various locations.
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Figure 3.5: Fish IBI condition classes at each site where fish were surveyed
between 2016 and 2019 (classes defined by Joy (2004) see Table 2.3)
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Table 3.2: Summary of fish species (and koura) identified in Wellington urban stream catchments using both electric fishing and
spotlighting methods from 2016 to 2019. * Note presence absence results have been added for the Kaiwharawhara Stream at Spotlight from

fishing conducted in 2018 and 2019 for the Matariki event.

Catchment Longfin | Shortfin | Banded Giant Shortjaw | Unidentified Koaro | Inanga Upland | Giant | Redfin Black Triplefin | Koura | Trout Grey | Unidentified Unident_i_fied Unid(_entified
eel eel kokopu | kokopu kokopu kokopu bully Bully bully | flounder mullet eel galaxiid fish
Kaiwharawhara* 22 3 107 1 1 1 6 1 1 13 22
Kumutoto 26 14
Owhiro 54 15 15 7 14 3 2 1 1
Karori 54 2 15 1 29 33 14 1 24
Ngauranga 35 1 7 5 15 2 10
Motoroa 5 6 2
Lyall Bay 4 1 40 20
Mahanga 1
Miramar 1 50 4
Paikawakawa 12 22
Pipitea 4 9 4 6 4 3
Te Poti 1 1
Waimapihi 17 5 103 4 5
Waipapa 23 4 5 1 1 22 1 1
Waitangi 6 28
Wadestown 1 10
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Figure 3.6: Relative abundance of fish species (and koura) identified in Wellington urban stream catchments using both electric fishing and
spotlighting methods from 2016 to 2019. * Note results are not shown for the Kaiwharawhara Stream at Spotlight because this is presence
absence data for fishing conducted in 2018 and 2019 for the Matariki event. Sites on the x axis are listed in order of increasing fish cover
diversity measured by the habitat condition assessment. Fish cover diversity assessments were not undertaken at all sites.
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Figure 3.7: NMDS ordination sites based on fourth root transformed fish relative abundance showing correlations with habitat assessment
variables, % imperviousness upstream, % vegetation cover upstream and fish community measures. The closer the line to the circle the
higher the correlation.

* Note results are not shown for the Kaiwharawhara Stream at Spotlight because this is presence absence data for fishing conducted in
2018 and 2019 for the Matariki event.
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Table 3.3: Pearson correlations with axes 1 and 2 for variables overlaid in the

ordination plot shown in Figure 3.6

Variable Axis 1 AXis 2

Low deposited sediment -0.27 -0.29
Fish cover abundance -0.07 0.18
Fish cover diversity 0.35 0.24
Riparian shading 0.61 0.22
Total habitat score 0.21 -0.07
Fish taxa richness -0.22 -0.04

Bl 0.25 -0.01

Increased hydraulic heterogeneity -0.0003 -0.38
% imperviousness upstream -0.07 0.04
% vegetation upstream 0.07 -0.04
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Discussion and conclusions

Urban stream ecosystem health and implications for urban stream
management in Wellington City

The ecosystem health of urban streams within Wellington City (as represented
by macroinvertebrate communities) is variable. Factors such as habitat
diversity, riparian shading and impervious area in the upstream catchment
influence the ecological health of Wellington City urban streams. The surveys
conducted to date as a part of the Wellington City urban streams monitoring
programme have provided information which can be used to set a baseline for
the current state of ecosystem health values related to habitat,
macroinvertebrates and fish.

Macroinvertebrate community health was best at Ngauranga Stream at Mt
Kaukau, South Makara Stream tributary at South Makara Road and Karori
Stream at Castlemaine Close, and worst at Ngauranga Stream at Newlands
Road, Ngauranga Stream near Alex Moore Park and Karori Stream at Darwin
Street. Macroinvertebrate communities were generally in better condition (as
indicated by the greater presence of sensitive EPT taxa) in streams with less
urban landuse and impervious area in the upstream catchment (Figure 3.3).
Streams with urban areas upstream were likely to have more deposited fine
sediment and lower quality habitat for macroinvertebrates. This result is in line
with previous research on urban streams within the Wellington City area which
showed there was declining ecosystem health indicated by macroinvertebrate
communities when impervious area upstream increased (Warr, 2009).
Increased impervious area in urban catchments can result in shorter and more
severe high flow events, which can lead to stream bank erosion/sedimentation
and effect macroinvertebrate communities in urban streams (Walsh et al.,
2005).

Wellington City urban streams also support at risk and declining fish species
such as koaro, inanga, redfin bully, longfin eel and giant kokopu (Dunn et al.,
2018). The nationally vulnerable shortjaw kokopu (Dunn et al., 2018) was only
found in the Waipapa Stream catchment, which has no urban landuse,
emphasising that changes to stream habitat from urbanisation may have
influenced the distribution of this species within Wellington City.

The condition of native fish communities within the streams assessed ranged
from poor to excellent (Figure 3.5). The lowest IBI scores were at sites with no
native fish collected in the Ngauranga, Owhiro, Mahinga Bay, Paikawakawa,
Te Poti, Waimaphi and Waitangi Stream catchments. The highest fish
community condition assessed using the IBI was at Kaiwharawhara Stream at
Spotlight (excellent), Waipapa Stream at Coast (very good) and Karori Stream
at Castlemaine Close (good). The diversity and abundance of fish species was
influenced by factors such as habitat diversity, direct connection to the sea
(Figure 3.6) and spawning habitat (e.g. inanga spawning in lower
Kaiwharawhara Stream bank vegetation — Marshall and Taylor (2018)).
However, not all of the habitat and environmental data collected explained the
variation in fish community composition (Table 3.3). This means there are
other factors which are influencing fish community composition. For example,
barriers to fish movement are one of the major unmeasured pressures
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influencing native fish communities in Wellington urban streams. For example,
the only fish species found upstream of piped sections of stream were climbing
species such as banded kokopu, koaro and eel species. The presence of banded
kokopu and eels in piped stream sections was confirmed in the piped stream
survey (Figure 3.6, Appendix 2).

From the streams sampled as part of this programme there were generally
different pictures of macroinvertebrate and fish community condition. For
example, most sites with good macroinvertebrate community health were
higher in the catchment and had poor fish community health. The stream sites
with best fish community health tended to be in the lower reaches of streams
where connectivity to the sea was best. Macroinvertebrate communities are
strongly driven by urban activities in the catchment upstream that affect habitat
and water quality (indicated by the percent cover for impervious area
upstream). In contrast, fish communities appear to be more strongly affected by
activities in the downstream catchment that affect fish migration (eg. fish
barriers). Both macroinvertebrate and fish communities were related to riparian
shading, which could be having an influence through reducing stream
temperature or organic matter inputs. These differing relationships with
environmental variables need to be taken into account when considering
management actions to improve ecosystem health in Wellington City streams.

The initial piped stream survey has shown that some sections of piped streams
in Wellington City have habitat which supports fish and macroinvertebrate life
(see Appendix 2 reports). For example:

e Some sites have natural cobble and gravel substrates (overlaying a
concrete base, likely transported from upstream remnant open stream
sections.

e Fish appear to be widespread in the piped stream network and were
recorded at five of the six survey locations. However, diversity is low and
is dominated by eels. In contrast, open stream sections tend to be
dominated by banded kokopu. Inanga were also found in piped sections
with direct access to the ocean. However, without spawning habitat in the
tidal zone of the pipes it is highly unlikely they will ever be able to
successfully spawn.

e Based on initial macroinvertebrate samples (there are 72 surber samples
still to be analysed by late 2019), of the five most abundant
macroinvertebrate taxa in both open and piped streams, three were the
same — Potamopyrgus and Physa snails and Oligochaete worms. These
taxa are more tolerant of poor habitat and water quality conditions.

e In open stream sites there was greater taxa richness and a higher
percentage of sensitive EPT taxa than in piped stream sites. This is likely
to be indicative of better habitat conditions at open stream sites. The
complete enclosing of open channels significantly reduces the quality of
habitat for aquatic life and results in only a subset of taxa within the
catchment being able to persist there.
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4.2

Further recommendations for the future management of piped streams and
future monitoring options will be provided in a final report in early 2020.

Next steps for Wellington urban stream monitoring

The next stage of the Wellington City urban stream monitoring programme
will focus on identifying any remaining streams which have not been sampled.
These include streams within Wellington City peri-urban areas which may be
subject to future development (Makara and Ohariu) and streams in the part of
WCC located in the Porirua Harbour catchment. These streams will be the
focus of monitoring in 2019/20.

In addition, a long term monitoring programme for Wellington City streams
(stage two) will be designed in collaboration with WCC in 2019/20 for
implementation in 2020/21. Aspects which should be considered as part of the
monitoring programme design include:

e Agreement between GWRC and WCC urban ecology and policy staff on
the objectives of the monitoring programme. Currently the main objective
of the programme is to provide information to report on state and trends in
ecosystem health within Wellington City urban streams. If the monitoring
programme will inform policies and strategies this will mean establishing
in the planning stage which questions the programme will and will not be
able to answer, and questions which will need to be addressed by targeted
investigations or other means.

e A coverage of sites which takes into account the range of locations and
ecological/biodiversity values from the sites sampled to date. These sites
should include sites with minimal urban impact, sites within the town belt
in urban Wellington and sites within the urban areas with piped stream
areas upstream/downstream. Having a range of sites with a varying degree
of urban impacts such as impervious surfaces and stream piping will
enable to effect of urbanisation on fish and invertebrates to be tracked
through time.

e  Opportunities for additional sites monitored by community citizen science
groups to compliment the GWRC collected dataset.

e Additional, less frequent, inanga spawning habitat assessments.

e Ongoing piped stream sampling, subject to final recommendations in
2020.

e Type and frequency of reporting required.

Other knowledge gaps to address as part of the design of the monitoring
programme or targeted studies include:

e Assessment of barriers to fish movement throughout the city.

o Assessments of fish population structure. It is currently not known how
well fish populations in Wellington urban streams are recruiting.
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Assessments of food web and ecological processes as drivers of ecosystem
health.

Understanding macroinvertebrate community responses to stressors using
stressor specific metrics (Clapcott et al., 2017).

PAGE 25 OF 33



Ecosystem health in Wellington City Urban Streams: Stage 1 summary report

Acknowledgements

Stage 1 of this project was jointly funded by Wellington City Council. Thanks to
Daniela Biaggio, Michele Frank and Myfanwy Emeny from WCC for their assistance.
Thanks to Summer Greenfield for peer reviewing this report and providing many
constructive comments. Field surveys were conducted by GWRC staff (Shyam Morar,
Emily Martin, Bryn Hickson Rowden, Ashely Alberto Ashley Mitchell, Megan Oliver,
Mark Heath and Lucy Baker) and volunteers (Dylan Kulik). The piped stream surveys
were conducted by Alex James from EOS Ecology with assistance from Silver Linings
Contracting.

PAGE 26 OF 33



Ecosystem health in Wellington City Urban Streams: Stage 1 summary report

References

Clapcott J, Wagenhoff A, Neale M, Storey R, Smith, B, Death R, Harding J, Matthaei
C, Quinn J, Collier K, Atalah, J, Goodwin E, Rabel H, Mackman J and Young
R. 2017. Macroinvertebrate metrics for the National Policy Statement for
Freshwater Management.Cawthron Report No. 3073 prepared for Ministry for
the Environment.

Clapcott J.E. 2015. National rapid habitat assessment protocol development for streams
and rivers. Cawthron Institute Report No. 2649 prepared for Northland Regional
Council.

Clapcott JE and Goodwin E. 2014. Technical report of Macroinvertebrate Community
Index predictions for the Wellington Region Cawthron Institute Report No. 2503
prepared for Greater Wellington Regional Council.

Dunn N, Allibone R, Closs G, Crow S, David BO, Goodman, JM., Griffiths M, Jack D,
Ling N, Waters J and Rolfe J. 2018. Conservation status of New Zealand
freshwater fishes, 2017. Department of Conservation.

James A. 2015. Lambton Harbour Catchment ICMP Stage 2: Ecological Assessment.
EOS Ecology Report No. WEL02-15026-01 prepared for Wellington Water
Limited

Joy M. 2004. A fish index of biotic integrity for the Wellington region. Report prepared
for Greater Wellington Regional Council.

Kaspersen P, Fensholt R and Drews M. 2015. Using Landsat Vegetation Indices to
Estimate Impervious Surface Fractions for European Cities. Remote Sens. 7,
8224-8249.

Marshall W and Taylor M. 2018. Inanga spawning habitat surveys in the Wellington
Region, 2017. AEL Report No. 146 prepared for Greater Wellington Regional
Council.

Mitchell A and Heath M. 2019. Rivers Water Quality and Ecology monitoring
programme, Annual data report, 2017/18. Greater Wellington Regional Council
Report No. GW/ESCI-T-18/142, Wellington.

Stark JD, Boothroyd I, Harding J, Maxted JR and Scarsbrook M. 2001. Protocols for
Sampling Macroinvertebrates in Wadeable Streams. Ministry for the
Environment.

Stark JD and Maxted JR. 2007. A user guide for the Macroinvertebrate Community
Index. Cawthron Institute Report No. 1166 prepared for Ministry for the
Environment.

Walsh CJ, Roy AH, Feminella JW, Cottingham,PD, Groffman,PM and Morgan, RP.
2005. The urban stream syndrome: current knowledge and the search for a cure.
J. North Am. Benthol. Soc. 24, 706-723.

Warr S. 2009. Development of an ecological classification for urban streams in the
Wellington region. Greater Wellington Regional Council Memo No.
ENV/05/03/14.

PAGE 27 OF 33



Ecosystem health in Wellington City Urban Streams: Stage 1 summary report

Appendix 1: Photos from fish sampling

Figure Al.1: Banded kokopu and a koaro (bottom left) from Moturoa Stream in Central
Park. Photo S. Morar
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Figure Al.2: Fishing in resident’s yards on Ranelagh Street in Karori — longfin eels,
shortfin eels and koura. Photo S. Morar
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Figure AL1.3: Karori Stream on the south coast - Lots of small upland bullies, koura and
longfin eels. Photo S. Morar

Figure Al.4: Koaro from a tributary of the Karori Stream. Photo S. Morar
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Figure AL.5: Ngauranga Stream 400m above mouth to Wellington Harbour - longfin eels
and inanga. Photo S. Morar

Py

Figure A1.6: Ngauranga Stream at end of Tyers Road off Centennial Highway - lots of
koaro and koura. Photo S. Morar
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Figure AL.7: A large giant kokopu from Kaiwharawhara Stream near the Old Hutt Road
Bridge at Spotlight. Photo S. Morar

Figure A1.8: Koaro in Kumutoto Stream at Victoria University. Photo S. Morar
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Figure A1.9: Whitebait sized banded kokopu from Ngaroma Stream in Lyall Bay. Photo S.
Morar

Figure A1.10: Koura from Farnham Street Stream. Photo S. Morar

PAGE 32 OF 33



Ecosystem health in Wellington City Urban Streams: Stage 1 summary report

Appendix 2: Freshwater Ecology of Piped Streams in
Wellington: Pilot Study Interim and Final Reports
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1 INTRODUCTION

In most cities urban streams have been extensively piped to provide land for development and alleviate flood and
disease risk. In many catchments open stream habitat exists only as short remnant channels. To date ecological
information on these highly modified catchments has primarily been derived from these remnant open sections for
reasons of accessibility and safety, even though these sections make up a small percentage of total stream length.
Further, the piped sections that join isolated open reaches are often managed as part of the stormwater network and

have typically been ignored from an ecological perspective.

Wellington, with its steep topography and coastal location is a good example of a city where numerous small coastal
stream catchments have been extensively piped, such that in several suburbs open stream channels are now only
found as fragmented remnants. With the exception of some anecdotal reports of eels down stormwater grates, piped
streams in Wellington have previously only been considered as migration pathways for some freshwater fishes that
are known to be present in remnant open sections (e.g. banded kokopu, koaro, eels). The fish and macroinvertebrates
living within the piped sections are unknown and there has never been any attempt to characterise freshwater habitat

condition in these highly modified stream environments.

EOS Ecology undertook a series of urban stream catchments investigations for Wellington Water Limited (WWL) to
support Integrated Catchment Management Plan (ICMP) development from 2015 to 2017, where the project brief was
only to examine open sections of streams. It became apparent the ecological values of extensively piped catchments
could not be fully determined without examining the piped sections (which were often the higher proportion of total
stream length). Based on the catchment knowledge gained during the ICMP investigations EOS Ecology then
developed a plan to undertake a pilot study to survey piped stream ecology in Wellington. The lack of information on
piped stream ecology was suggested to Greater Wellington Regional Council (GWRC) as a major knowledge gap and

they agreed to fund a pilot study of six sites focussing on fish, macroinvertebrates, and habitat quality.

EOS Ecology was contracted by GWRC to design, implement, and report on this pilot study. This interim report
includes methodology, fish data, and manhole macroinvertebrate data; with a later final report to come once the
detailed survey macroinvertebrate data is available. The final report will compare macroinvertebrate data among
sites, catchments, method (manhole kick net vs in pipe Surber sampling), and between open and piped streams. It will

also recommend future monitoring and identify knowledge gaps.
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2 METHODS

2.1 Health and Safety

Underground pipes are classified as confined spaces meaning only appropriately trained persons are able to enter and
special procedures are required (e.g., operating a permitting system, use of gas detectors, use of a winch and rescue-
tether system). As WWL manages the piped stream network as part of the stormwater system, a WWL-approved
contractor was required to assist with the project. WWL put us in touch with Silver Linings Contracting, who were
then contracted to assist with all piped stream fieldwork. They were in charge of site health and safety and supplied
all equipment required for confined space entry. From EOS Ecology, the author (Alex James) was confined spaces entry

certified.

2.2 Site Selection
2.2.1 Desktop Exercise

WWL provided GIS layers of the stormwater network, manhole locations, and remnant open channels. These were
overlain with Google Earth imagery and used to select manholes within Wellington’s inner suburbs where entry for

an ecological survey appeared logistically realistic. Criteria for potential sites including:

» Pipe diameters of no less than 1200 mm.

» Manholes to be located on footpaths and berms to avoid the requirement for traffic management or entering of

private property (Figure 1).

» The catchment would preferably have permanently flowing open stream remnants from which fish were known.

Based on these criteria, 36 candidate manholes were identified with the expectation some would be inaccessible in
the field.

Miramar Stream manhole on grassed berm Pae Kawakawa Stream manhole on footpath

Figure 1 Examples of berm and footpath locations of candidate manholes.
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2.2.2 Manbhole Lifting Exercise

Over 1-2 May 2018 a manhole lifting site visit was undertaken with Silver Linings Contracting to aid selection of the
final survey sites. Overall 20 manholes were opened with the remaining 16 either being inaccessible (e.g, buried, car
parked over, building on top) or being in close proximity to an opened manhole. We also took the opportunity to trial

macroinvertebrate sampling from the surface utilising a modified sampling net.

Once each manhole was opened a set procedure was undertaken:

» Lowering of a gas detector to check for unsafe concentrations of oxygen, hydrogen sulphide, carbon monoxide, and
flammable gases (Figure 2).

» Measurement of surface to pipe bottom and pipe diameter using a Leica Disto laser measurement device.

» Visual estimation of water depth (dry/shallow/medium/deep), substrate type (brick, concrete, silt, cobbles, other),
pipe shape/profile (circular/rectangular/arch/other), pipe material (concrete/brick/other).

» Collection of macroinvertebrate samples using a brush and standard kick net with extendable handles (2.7-5 m).
Such samples were collected from 16 sites (Figure 2). Samples were preserved with isopropyl alcohol (IPA) for

later processing.

» The taking of photos of the manhole shaft and stream below.

» The taking of video footage from selected manholes using a GoPro video camera and torch attached to the

extendable handle kick net (Figure 2).

Using the extendable-handle kick net to collect a Using the extendable-handle kick net in cbnjunction with a
macroinvertebrate sample brush to collect a macroinvertebrate sample

e | : RN
Measuring the atmosphere using a gas detector The GoPro video camera setup

Figure 2 Examples of manhole lifting exercise methodology.
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223 Final Site Selection

Six sites were selected for detailed ecological survey; three in Pae Kawakawa Stream catchment (Island Bay); two in
Miramar Stream (Miramar); and one in Waipapa Stream (Hataitai) (Figure 3). The Pae Kawakawa Stream and
Miramar Stream sites were all vertical entries down manholes, while Waipapa Stream involved entry via the ocean
outlet at low tide. It was originally planned to have a site in the Waitangi Stream catchment, however the only suitable
site was deemed too dangerous to enter without using breathing apparatus, for which extra specialist training would

have been required. A third Pae Kawakawa Stream site was substituted.

s Wellington Harbour

L W

—.Miramar, .,
catchment

‘Pae Kewakawa - ® i
catchment

Evans Bay

Lyall Bay

Legend
» Piped stream study sites
Stormwater pipes
Dpen watenways
Piped stream study catchment
boundaries

Figure 3 Locations of the six detailed survey sites.
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2.3 Detailed Ecological Survey

The six sampling sites were visited on two occasions for the detailed survey (stage 1: 6-7 March 2019 and stage 2: 20—

21 March 2019). Stage 1 involved installation of trail/game cameras, sticky traps, and collection of macroinvertebrate

samples, while stage 2 consisted of recovering of cameras and sticky traps and undertaking a fish survey. In practice

fish were often sighted during stage 1, so an informal fish survey (consisting of noting if fish were seen) was also

undertaken at that time. Additionally, an equipment mishap required macroinvertebrates at one site to be collected

on the stage 2 visit. Details of the survey methodology are detailed below:

»

»

»

»

»

»

Trail/game cameras: At each site a single trail camera was installed near the manhole with the lens facing towards
the wetted channel in an attempt to obtain images of fish within the piped streams (Figure 4). Cameras were
mounted on existing pipes or reinforcing steel rods where available, otherwise a steel extendable curtain rod was
affixed across the width of the piped stream. Curtain rods were attached using cable ties to any available
protrusions (e.g, ladder rungs, reinforcing steels) and/or appropriate concrete adhesives applied via caulking gun.
Cameras were set to take time-lapse images every 10 minutes for the duration of deployment and also be triggered
to take a photo by movement. The typical movement sensor of such cameras relies on a difference in temperature
between the environment and the animal, hence, is unlikely to be triggered by fish. Where the camera model

allowed (we used three different models) 10-second videos were also recorded every 10 minutes.

Sticky traps: At each site a single 24.5 cm wide by 40 cm high plastic yellow sticky trap was installed as near the
roof of the piped stream as possible (Figure 4). These were sticky on both the upstream and downstream sides and

installed to existing pipes or reinforcing steels at some sites or to the curtain rod described above at others.

Macroinvertebrates: Twelve Surber samples (0.09 x 0.09 m2) were collected from each site over a 40 to 100 m
length of stream depending on availability of habitat suitable for Surber sampling and access (Figure 4). Samples

were preserved with isopropyl alcohol (IPA) for later processing.

Fish survey: At each site a 200 m (100 m upstream and downstream of the manhole access point) reach was
carefully searched for fish using a spotlight and hand netting technique (Figure 4). The exception was Waipapa
Stream where we entered via the ocean outlet. At this site we searched for fish from the entrance all the way
upstream to where the macroinvertebrate survey was undertaken. In practice in Waipapa Stream fish were only
observed in the lower 90 m of pipe as above this point water became too shallow and cover lacking for the fish
present. Any obvious fish cover elements (e.g, pieces of wood, brick, and assorted rubbish) were slowly lifted to
determine if fish were underneath. Fish were identified to species, which the exception of those eels that were

unable to be captured. Lengths were visually estimated.

Habitat characterisation: At each Surber sample location (12 at each site) water depth, wetted width, substrate
composition, and organic matter cover (leaves, CPOM, biofilms) was recorded. We recorded the “head” where
water depth was recorded to enable an estimate of water velocity using the ruler methodology (cf. Harding et al.,
2009 - Appendix 3). Biofilm colour and thickness was also recorded. Site photos were taken including images of
each Surber location prior to sampling (Figure 4). We also made site wide measurements of meso-habitat length
(rapid, run, riffle, pool, fall) and made visual estimates of substrate composition and organic matter cover (leaves,

roots, CPOM, biofilms). Any potential fish barriers were noted.

Water quality: A YSI multiprobe supplied by GWRC was used to collect spot water quality records of temperature,

dissolved oxygen, and conductivity.
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Figure 4 Images of detailed survey methodologies.
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3 RESULTS

3.1 Habitat

Water depths were generally very shallow with only one site (the tidally influenced Waipapa Stream) having an
average greater than 0.1 m (Table 1). Two sites had relatively swift water velocities (The Parade - Dover St and
Waipapa), which were a result of pipe gradient. The other sites had very low water velocity with the 302 The Parade
and Miramar - Shops sites having no detectable water velocity with the velocity head rod methodology used (Table
1). Two sites had virtually no mobile substrate with the streambed being entirely bare concrete (The Parade - Dover
St) or bricks (Waipapa) (Table 1, Figure 5). These were also the two sites with the relatively high water velocities;
hence it appears there are minimal depositional areas in these high gradient sections. The 302 The Parade site was
also predominantly concrete but did have some areas of deposited substrate. The three other sites had a significant
cover of a range of stony and sandy substrates (Table 1, Figure 5). Biofilms were prominent at all sites with the
exception of 348 The Parade were there were none detected (Table 1). Other organic matter such as leaves and wood
were relatively uncommon. Mesohabitat was predominantly runs, with the only riffle-type habitat present at 348 The

Parade. Deeper pool habitat was only present at 302 The Parade and 348 The Parade (Table 1).

Spot water temperatures were in the 16.4-18.5 °C range across the sites, while specific conductivity was very high
(28,440 uS/cm) at the Miramar - Shops site due to the influence of seawater (Table 1). The other five sites had
relatively high specific conductivities (323-481 pS/cm) for freshwater systems. All sites had well oxygenated water
with only the tidally influenced Miramar - Shops site being less than 80% saturation at the time of measurement
(Table 1).



July 2019

Table 1

Report No. GRE01-17087-01

Habitat characteristics measured at each Surber sampling location (n=12 per site), mesohabitat percentages
measured over the length of the macroinvertebrate sampling reaches, and water quality spot measures recorded at
the entrance manholes (or start of macroinvertebrate sampling reach in Waipapa Stream).

Pae Kawakawa Stream Waipapa Miramar Stream
Stream
Parameter The
Parade 302 The 348 The Waibana® Miramar Miramar —
Parade Parade ERahe Park Shops**
Dover St
Mean wetted width (m) 1.17 0.63 1.14 0.52 1.25 1.38
Mean water depth (m) 0.07 0.05 0.05 0.07 0.04 0.16
Mean water velocity (m/s) 051 0 0.05 0.61 0.02 0
Concrete: Concrete: 12 Concrete: 25
77 Cobble: 5
Concrete: Cobble: 3 Cobble: 5
Mean substrate Cobble: 2 ) Gravel: 13
. 100 Pebble: 4 Brick: 100 Pebble: 37
composition (%) Pebble: 3 Pebble: 80
Gravel: 39 Gravel: 31
Gravel: 5 Sand: 41 Sand: 2 Sand: 2
Sand: 13 ' ’
Biofilms: T Biofilms:
Mean organic matter cover 100 Biofilms: 76 Wood: 2 L 925 .
Wood: 0.2 Biofilms: 90 Biofilms: 60
(%) Leaves: Leaves: 0.7 Leaves: 1 Wood: 0.2
0.1 VoS5 Leaves: 0.6
Run: 97 Run: 51 Mesohabitat
Mesohabitat lengths (%) Run: 100 : Riffle: 44 Run: 100 Run: 100 varies with
Pool: 3 .
Pool: 5 tide
Spot temperature 16.4°C 18.5°C 18.2°C 17.4°C 17.7°C 17.8°C
- . 481 28,440
Spot specific conductivity uS/em 323 pS/em 580 pS/cm 371 uS/em 440 pS/cm uS/em
Spot dissolved oxvaen 83.6% 93.4% 83.6% 95.2% 84.6% 74.8%
P V9 827mg/ | 886mg/l | 795mg/l | 922mg/l | 816mglL | 649mgl
Spot wat [it
potwater qualrty 10:30am | 415pm 300 pm 12:20 pm 9:00 am 215 pm

measurement time

*The Waipapa site data presented was collected in the reach where macroinvertebrates were sampled, all fish were observed in
the lower, tidally influenced 90 m of pipe, which had a mostly bare concrete base.
**The Miramar — Shops site was tidally influenced hence wetted width and depth will vary over tidal cycles.
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348 The Parade Waipapa> Stream

Miramar Park Miramar - Shops

Figure 5 Images of each site within the macroinvertebrate sampling reach.
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3.2 Fish

Fish were present at five of the six sites that underwent detailed ecological survey, with only The Parade - Dover St
site not having any fish found over the 200 m survey reach (Figure 6). A total of 54 fish were found at the five piped
sites. Fish abundance ranged from 6-14 individuals with the 348 The Parade site having the highest number of fish
(15 fish) and the 302 The Parade site having the least (six fish) (Figure 6). Species diversity was low with four species
being found across the sites, which were (in order of abundance) Longfin eel, shortfin eel banded kokopu, and inanga
(Figure 6). Longfin and shortfin eels were found at all sites where fish were found, whilst two banded kokopu (a
recently dead adult and a post-whitebait juvenile) and one inanga were only found at one site each (Figure 6, Figure
7). The two kokopu were found at the Miramar Park site. One was a recently dead adult banded kokopu (150 mm
long), which based on the markings on the body had been killed by a large eel (Figure 6). One banded kokopu post-
whitebait juvenile (50 mm long) was also found at this site. The single inanga was a young adult (70 mm) found at the

tidally influenced Miramar - Shops site (Figure 6, Figure 7).

Taxa Richness
Total Abundance
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W Banded kokopu
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=
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2 w0
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Figure 6 Fish community metrics and relative abundances from the six piped stream sites surveyed on 2021 March 2019.
‘UniDed eel’ = unidentified eels, and refers to those eels that were not able to be caught to allow for a definitive
identification.
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Banded kokopu adult (dead)

Figure 7 Fish species found during surveys of the six piped stream sites on 20—21 March 2019.
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For the Pae Kawakawa and Miramar Stream catchments there was recent GWRC fish survey data available from open
stream sites allowing for comparison of fish assemblages between remnant open stream sections and piped stream
sections (Figure 8). In Pae Kawakawa Stream no fish (or waikoura) where found at one open and one piped site. At
sites where fish were found there was a distinct difference in composition between open and piped stream sections.
Shortfin and longfin eel were found exclusively at the piped sites while the open site with fish had banded kokopu
(Figure 8). In Miramar Stream eels (shortfin and longfin) also dominated in the piped sites and longfin eels were only
found at piped sites, while the single open stream site surveyed had mostly banded kokopu (Figure 8). Waikoura
(freshwater crayfish) were only found in open stream sites in both catchments. Overall, the addition of the piped
stream surveys has increased the known diversity of fish in both catchments by two species (longfin and shortfin eel

for Pae Kawakawa Stream, and inanga and longfin eel for Miramar Stream).

100 4 100 4
W Banded kokopu
Inanga
Longfin eel
80 I Shortfin eel 80
W UniDed eel
. Vaikoura
60 50 4
1 2 w0
20
204
0

N N y y y i
oper o e K Farate DO B e P, g o P 0

IR Banded kokopu
Inanga
Longfin eel

I Shortfin eel

. UniDed eel

I Waikoura

Relative Abundance (%)
Relative Abundance (%)

Open-Maupuia Stream  Pipec-Miramar Park  Piped-Miramar-Shops

Site Site
Pae Kawakawa Stream Miramar Stream

Figure 8 Relative abundance of fish species (including waikoura) at piped and open survey sites in the Pae Kawakawa Stream
and Miramar Stream catchments. Open stream sites were surveyed by GWRC.

3.3 Benthic Macroinvertebrates — Manhole Lifting Kick Nets

Atotal of 21 invertebrate taxa were recorded from the 16 sampled manholes. The most diverse groups were the two-
winged flies (Diptera: 6 taxa), molluscs (Mollusca: 5 taxa), and crustaceans (Crustacea: 3 taxa). Groups represented by
one taxon included caddisflies (Trichoptera), springtails (Hexapoda: Collembola), mites (Arachnida: Acari), and four

groups collectively called worms (Nematoda, Nemertea, Oligochaeta, Platyhelminthes).

The macroinvertebrate data collected during the manhole lifting exercise were compared to a GWRC dataset from the
recent sampling of urban stream sites in Wellington city. This GWRC open stream sampling was undertaken in April
2018 and for comparison with our piped stream data we included sites within Karori Stream (three sites),
Kaiwharawhara Stream (one site), Moturoa Stream (Central Park; two sites), Ngauranga Stream (two sites), and

Papawai Stream (Prince of Wales Park; one site).

Potamopyrgus snails and Oligochaeta worms were the most abundant taxa overall in both open and piped urban
stream sites, albeit in different order (Figure 9). Of the five most abundant taxa open stream and piped stream sites
had three in common (Potamopyrgus, Oligochaete worms, and Physa snails) (Figure 9). The only insect taxon among
the most common taxa in both open stream and piped stream sites were Chironomidae midge larvae - Orthocladiinae

in open streams and Chironominae/Polypedilum in piped streams (Figure 9).

Open streams had greater taxa richness and percentage of pollution-intolerant EPT taxa (Figure 10). Open streams
also had higher MCI scores with an overall mean just inside the “fair” interpretative category of Stark & Maxted (2007).
The piped stream overall mean MCI was well within the “poor” category (Figure 10). Relative abundances of higher

taxonomic groupings where similar with molluscs, oligochaetes, and Diptera being the most prominent groups in open
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and piped streams. Oligochaete worms were however particularly abundant at the piped stream sites, accounting for

around 50% of all animals captured (Figure 10).

Open streams Piped streams

A >

ils (29%; MCl=4) Oligochaeta worms (50%; MCI=1)

. 2

Potamopyrgus sna

.d.- e’ >

Oligochaeta worms (22%; MCI=1) Potamopyrgus snails (20%; l\/ICI:4)

Physa snails (9%; MCI=3)

7

Polypedilum midge larvae (8%; MCl=3)

Paraﬁa//iobe amphipods (6%; MCI=5) Collembola (5%; MCI=6)

Figure 9  The five most abundant taxa in Wellington open urban streams (9 sites combined) and pipes streams (16 sites
combined). The relative abundance percentages and MCI-hb scores for each taxon are shown in parentheses. All
images © EOS Ecology except Polypedilum, which is by Landcare Research.
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100 +

Mean MCI-hb

Open Piped Open Piped
Site Type Site Type

25
EPT

Crustaceans 204

Diptera

%EPT

u
Open Piped Open Piped

Site Type Site Type

Macroinvertebrate community metrics and relative abundance comparisons between Wellington open urban streams (9
sites combined) and piped streams (16 sites combined). Piped stream sites only includes data from the kick net samples
collected during the initial manhole lifting exercise. %EPT is based on abundance data (not taxa richness). Error bars
are one standard error. For MICI-hb the generic nationwide water quality interpretative categories of Stark & Maxted
(2007) are shown. Wellington-specific MCI classes were not used as GWRC's river classification does include a class
for piped streams.
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4

CONCLUSIONS

4.1 Habitat

»

»

»

»

Some sites have natural cobble and gravels substrates (usually overlaying a concrete base), which have presumably
been sourced from upstream remnant open stream sections and transported downstream by high flows. Other
sites had minimal or no loose rocky substrates. It is likely that piped streams have depositional and erosional zones

based on gradient and water velocity as in natural stream channels.
Water depths are generally very shallow (<10 cm) and deeper pool habitat is generally very limited or absent.

Brown-orange biofilms were prominent at five of the six sites and presumably are a food source for some

macroinvertebrates.

Spot measures of dissolved oxygen indicated relatively well oxygenated water.

4.2 Fish

»

»

»

»

»

»

Fish appear to be widespread in the piped stream network, being present at five of the six detailed survey sites.
Piped stream fish diversity is low and dominated by eels. Both longfin and shortfin eels are present.

Inanga have the ability to live within piped streams. In catchments that are piped to the ocean it is highly unlikely

they could ever successfully spawn due to a lack of spawning habitat.
The eel population and lack of cover likely contributes to the general rarity of galaxiid species within piped streams.

There appears to be clear habitat partitioning of the fish fauna (and waikoura) in catchments that have extensive
piped sections and remnant open headwater sections. Eels dominate the pipes while banded kokopu (and also

waikoura) dominate the open sections.

The resident eels likely feed intensely on upstream migrating whitebait and elvers at certain times of the year.

4.3 Benthic Macroinvertebrates — Manhole Lifting Kick Nets

»

»

»

»

Itis possible to obtain macroinvertebrate samples from manholes without entering the piped system, thus avoiding
a confined space entry. However, in practice collecting samples with a standard kick net on an extendable handle
was awkward, especially down deeper shafts, and only allowed a very small area of streambed to be sampled.
Comparison of manhole samples with detailed survey Surber samples will determine if manhole samples are
sufficient to characterise the macroinvertebrate community of piped streams. This will be undertaken later in this

Pilot Study.

Based on manhole samples the macroinvertebrate assemblage of piped streams was quite similar to that off open
urban streams with Potamopyrgus snails and oligochaeta worms being the two most abundant taxa at both site
types. Of the five most abundant taxa, three were common between open and piped stream sites (Potamopyrgus

snails, oligochaeta worms, and Physa snails).
Open stream sites had much greater taxa richness and higher %EPT taxa than piped stream sites.

Catchment urbanisation results in a series of environmental filters, which cause the decline and disappearance of
a number of freshwater invertebrate taxa. Complete enclosing of most of the open channels in a catchment adds a

further severe filter and creates conditions in which only a small subset of available taxa are able to persist.



5 MEDIA

» Ecological work in piped streams has the ability to capture the imagination of journalists as a press release by

GWRC prior to the fieldwork resulted in stories by TVNZ’s One News and Radio New Zealand:

. www.tvnz.co.nz/one-news/new-zealand /whitebait-eels-found-in-wellingtons-stormwater-system

. www.rnz.co.nz/national /programmes/ourchangingworld /audio /2018697287 /the-streams-beneath-the-streets
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EXECUTIVE SUMMARY

The piping of natural stream channels is commonplace in many urban environments. Many catchments are
extensively piped such that original open stream habitat only exists as isolated remnants among the pipe network. In
Wellington city, with its steep topography and small coastal catchments, many small streams have undergone
extensive piping as the landscape was urbanised. Because of the difficulty of sampling piped streams, most freshwater
ecological information from these urban streams is derived from remnant open sections, even though these only
account for a small proportion of total stream length. To address this knowledge gap, EOS Ecology and Greater
Wellington Regional Council (with support from Wellington City Council) undertook a pilot study to investigate the
habitat, fish communities, and macroinvertebrate assemblages of six piped stream sites across three predominantly

urban catchments in Wellington.

In-pipe habitat ranged from fast, laminar flows over bare brick or concrete, to zones of slower water velocity with
natural stony substrates. Organic material such as leaves, woody debris, and tree roots were present to some extent
at all sites, while biofilms were prominent at five of the six sites. Water depths were generally very shallow (<10 cm)
and fish cover lacking. Just as in natural stream channels, it is apparent piped streams have erosional and depositional

zones.

Fish were found at five of the six sites, indicating fish, in particular eels (both longfin and shortfin), are relatively
common and widespread in piped streams. A single young adult inanga was found at a tidally influenced site in
Miramar, while two banded kokopu (live juvenile; dead, recently predated adult) were found further up the same
catchment. Eels were often found hiding under whatever cover they could find (i.e., rubbish, rubble, tree roots, fine
sediments), indicating that even in near complete darkness they prefer to spend some of their day concealed. A
comparison of the fish assemblages of piped stream sites with open stream sites in the same catchments indicated

strong habitat partitioning, with eels dominating piped sites and banded kokopu dominating open sites.

The macroinvertebrate community of piped streams was dominated by taxa known to be tolerant or to prefer
degraded stream conditions (e.g.,, Potamopyrgus and Physa snails, oligochaete worms, Orthocladiinae and Polypedilum
midge larvae, Collembola springtails, Psychodidae gnat larvae, mites, and Ferrissia limpets). All piped stream sites had
mean MCI and QMCI values indicative of poor conditions. When compared to macroinvertebrate data collected by
Greater Wellington Regional Council (GWRC) at open stream sites in the same catchments, piped stream sites had
lower numbers of individuals, lower taxa richness, lower MCI and QMCI scores, and lower EPT abundance and
richness. Piped stream macroinvertebrate communities were dominated by the most tolerant taxa that are capable of
living in near complete darkness, with no riparian vegetation or benthic algae, and subject to a very flashy flow regime.
In catchments with extensive piping, even small sections of remnant open channel are very important at maintaining

catchment aquatic macroinvertebrate diversity, in particular EPT taxa.

Currently, piped streams are generally considered part of the stormwater network and are not recognised for their
ecological values by the Proposed Natural Resources Plan. Should a piped stream be disturbed by some activity (e.g,
construction or discharge), there is no requirement for ecological values to be taken into account or even for GWRC
freshwater scientists to be notified. It is recommended that work be undertaken to allow for piped streams to be
formally identified, their ecological values documented, and steps taken such that they are included in the next

iteration of the Natural Resources Plan.

In-pipe habitats could be improved by the retrofit of various features such as flexible baffles in zones of laminar, high
flow velocities to improve fish passage and cover for resident fish, installation of small structures to increase water
depths (e.g, leaky weirs, vanes), and installation of secure artificial fish cover elements (e.g,, small pipes and half pipes).
Such features may also facilitate the retention of natural substrates and organic material, further improving habitat

quality, including habitat for aquatic macroinvertebrates.



1 INTRODUCTION

In most cities urban streams have been extensively piped to provide land for development and alleviate flood and
disease risk. In many catchments open stream habitat exists only as short remnant channels. To date ecological
information on these highly modified catchments has primarily been derived from these remnant open sections for
reasons of accessibility and safety, even though these sections make up a small percentage of total stream length.
Further, the piped sections that join isolated open reaches are generally managed as part of the stormwater network

and have typically been ignored from an ecological perspective.

Wellington, with its steep topography and coastal location, is a good example of a city where numerous small coastal
stream catchments have been extensively piped, such that in several suburbs open stream channels are now only
found as fragmented remnants. With the exception of some anecdotal reports of eels down stormwater grates, piped
streams in Wellington have previously only been considered as migration pathways for some freshwater fishes that
are known to be present in remnant open sections (e.g. banded kokopu, koaro, eels). The fish and macroinvertebrates
living within the piped sections are unknown and there has never been any attempt to characterise freshwater habitat

condition in these highly modified stream environments.

EOS Ecology undertook a series of urban stream catchments investigations from 2015 to 2017 for Wellington Water
Limited (WWL) to support Integrated Catchment Management Plan (ICMP) development, where the project brief was
only to examine open sections of streams (James, 2016; James ,2017a; James, 2017b; James, 2018a; James, 2018b). It
became apparent the ecological values of extensively piped catchments could not be fully determined without
examining the piped sections (which were often the higher proportion of total stream length). Based on the catchment
knowledge gained during the ICMP investigations, EOS Ecology then developed a plan to undertake a pilot study to
survey piped stream ecology in Wellington. The lack of information on piped stream ecology was suggested to Greater
Wellington Regional Council (GWRC) as a major knowledge gap and they agreed to fund (with assistance from

Wellington City Council) a pilot study of six sites focussing on fish, macroinvertebrates, and habitat quality.

EOS Ecology was contracted by GWRC to design, implement, and report on this pilot study. Following on from an
interim report completed in July 2019 (James, 2019), this final report incorporates analysis and interpretation of the
quantitative Surber sampling macroinvertebrate data from the detailed survey. We examine habitat conditions, the
fish community, and the macroinvertebrate assemblage. We compare piped site fish data with that from open stream
sites in the same catchments. Analysis of the macroinvertebrate assemblage of the six sites based on the quantitative
Surber sample information also includes comparison with data obtained earlier via modified long-handled kick nets
deployed from the street surface, along with open stream standard kick net data from within the same catchments

obtained from the GWRC urban stream sampling programme.
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2 METHODS

2.1 Health and Safety

Underground pipes are classified as confined spaces, meaning only appropriately trained persons are able to enter
and special procedures are required (e.g, operating a permitting system, use of gas detectors, use of a winch and
rescue-tether system). As WWL manages the piped stream network as part of the stormwater system, a WWL-
approved contractor was required to assist with the project. WWL put us in touch with Silver Linings Contracting, who
were then contracted to assist with all piped stream fieldwork. They were in charge of site health and safety and
supplied all equipment required for confined space entry. From EOS Ecology, the author (Alex James) was confined

spaces entry certified.

2.2 Site Selection
2.2.1 Desktop Exercise

WWL provided GIS layers of the stormwater network, manhole locations, and remnant open channels. These were
overlain with Google Earth imagery and used to select manholes within Wellington’s inner suburbs where entry for

an ecological survey appeared logistically realistic. Criteria for potential sites included:

» Pipe diameters of no less than 1200 mm.

» Manholes to be located on footpaths or berms to avoid the requirement for traffic management or entering of

private property (Figure 1).

» The catchment would preferably have permanently flowing open stream remnants from which fish were known.

Based on these criteria, 36 candidate manholes were identified with the expectation some would be inaccessible in
the field.

Miramar Stream manhole on grassed berm Pae Kawakawa Stream manhole on footpath

Figure 1 Examples of berm and footpath locations of candidate manholes.
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2.2.2 Manbhole Lifting Exercise

Over 1-2 May 2018, a manhole lifting site visit was undertaken with Silver Linings Contracting to aid selection of the
final survey sites. Overall, 20 manholes were opened, with the remaining 16 either being inaccessible (e.g., buried, car
parked over, building on top) or being in close proximity to another opened manhole. We also took the opportunity to

trial macroinvertebrate sampling from the surface utilising a modified sampling net.
Once each manhole was opened, a set procedure was undertaken:

» Lowering of a gas detector to check for unsafe concentrations of oxygen, hydrogen sulphide, carbon monoxide, and

flammable gases (Figure 2).
» Measurement of surface to pipe bottom and pipe diameter using a Leica Disto laser measurement device.

» Visual estimation of water depth (dry/shallow/medium/deep), substrate type (brick, concrete, silt, cobbles, other),
pipe shape/profile (circular/rectangular/arch/other), and pipe material (concrete/brick/other).

» Collection of macroinvertebrate samples using a brush and standard kick net with extendable handles (2.7-5 m).
Such samples were collected from 16 sites (Figure 2). Samples were preserved with isopropyl alcohol (IPA) for

later processing.

» The taking of photos of the manhole shaft and stream below.

» The taking of video footage from selected manholes using a GoPro video camera and torch attached to the

extendable-handle kick net (Figure 2).

Using the extendable-handle kick net to collect a Using the extendable-handle kick net in conjunction with a
macroinvertebrate sample brush to collect a macroinvertebrate sample

WEARI
e T i : (VA/IREN
Measuring the atmosphere using a gas detector The GoPro video camera setup

Figure 2 Examples of manhole lifting exercise methodology.
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2.2.3 Final Site Selection

Six sites were selected for detailed ecological survey: three in Pae Kawakawa Stream catchment (Island Bay), two in
Miramar Stream (Miramar), and one in Waipapa Stream (Hataitai) (Figure 3). The Pae Kawakawa Stream and
Miramar Stream sites were all vertical entries down manholes, while Waipapa Stream involved entry via the ocean
outlet at low tide. It was originally planned to have a site in the Waitangi Stream catchment, however the only suitable
site was deemed too dangerous to enter without using breathing apparatus, for which additional specialist training

would have been required. One of the three Pae Kawakawa Stream sites was a substitute for this site.

Wellington Harbour

Miramar, =
catchment &

““Walpaba»
catchment ==,

Legend
Piped/open stream study sites
@ Open stream sites (GWRC)
@ Piped stream sites (EOS Ecology)
Stormwater pipes
Open waterways

Piped stream study catchment
boundaries

==

1 Kilometers

Source: Map produced by EOS Ecology June, 2019.

Piped stream study sites - EOS Ecology, 2019. Open stream
sites monitored by Greater Wellington Regional Council.
Stormwater pipes, catchment boundaries and open waterways
- WWL, 2016; Aerial imagery - LINZ 2012-13.

Figure 3 Locations of the six detailed survey sites and the two GWRC open stream sites in the Pae Kawakawa, Miramar and
Waipapa catchments. The GWRC site codes are shown in parentheses.
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2.3 Detailed Ecological Survey

The six sampling sites were visited on two occasions for the detailed survey (Stage 1: 6-7 March 2019 and Stage 2:

20-21 March 2019). Stage 1 involved installation of trail/game cameras, sticky traps, and collection of

macroinvertebrate samples, while Stage 2 consisted of the recovering of cameras and sticky traps and undertaking a

fish survey. In practice, fish were often sighted during Stage 1, so an informal fish survey (consisting of noting if fish

were seen) was also undertaken at that time. Additionally, an equipment mishap required macroinvertebrates at one

site to be collected on the Stage 2 visit. Details of the survey methodology are detailed below:

»

»

»

»

»

»

Trail/game cameras: At each site, a single trail camera was installed near the manhole, with the lens facing
towards the wetted channel in an attempt to obtain images of fish within the piped streams (Figure 4). Cameras
were mounted on existing pipes or reinforcing steel rods where available, otherwise a steel extendable curtain rod
was affixed across the width of the piped stream. Curtain rods were attached using cable ties to any available
protrusions (e.g, ladder rungs, reinforcing steels) and/or appropriate concrete adhesives applied via caulking gun.
Cameras were set to take time-lapse images every 10 minutes for the duration of deployment and also be triggered
to take a photo by movement. The typical movement sensor of such cameras relies on a difference in temperature
between the environment and the animal, hence, is unlikely to be triggered by fish. Where the camera model

allowed (we used three different models), 10-second videos were also recorded every 10 minutes.

Sticky traps: At each site, a single 24.5 cm wide by 40 cm high plastic yellow sticky trap was installed as near the
roof of the piped stream as possible (Figure 4). These were sticky on both the upstream and downstream sides and

installed to existing pipes or reinforcing steels at some sites or to the curtain rod described above at others.

Macroinvertebrates: Twelve Surber samples (0.09 x 0.09 m2) were collected from each site over a 40 to 100 m
length of stream, depending on availability of habitat suitable for Surber sampling and access (Figure 4). Samples
were preserved with isopropyl alcohol (IPA) for later processing. Macroinvertebrate samples were processed

using a full-count method.

Fish survey: At each site, a 200 m (100 m upstream and downstream of the manhole access point) reach was
carefully searched for fish using a spotlight and hand netting technique (Figure 4). The exception was Waipapa
Stream, where we entered via the ocean outlet. At this site, we searched for fish from the entrance all the way
upstream to where the macroinvertebrate survey was undertaken. In practice, in Waipapa Stream, fish were only
observed in the lower 90 m of pipe as above this point water became too shallow and cover lacking for the fish
present. Any obvious fish cover elements (e.g, pieces of wood, brick, and assorted rubbish) were slowly lifted to
determine if fish were underneath. Fish were identified to species, with the exception of those eels that were unable

to be captured. Lengths were visually estimated.

Habitat characterisation: At each Surber sample location (12 at each site), water depth, wetted width, substrate
composition, and organic matter cover (leaves, CPOM, biofilms) was recorded. We recorded the “head” where
water depth was recorded to enable an estimate of water velocity using the ruler methodology (cf. Harding et al.,
2009 - Appendix 3). Biofilm colour and thickness was also recorded. Site photos were taken, including images of
each Surber location prior to sampling (Figure 4). We also made site wide measurements of meso-habitat length
(rapid, run, riffle, pool, fall) and made visual estimates of substrate composition and organic matter cover (leaves,

roots, CPOM, biofilms). Any potential fish barriers were noted.

Water quality: A YSI multiprobe supplied by GWRC was used to collect spot water quality records of temperature,

dissolved oxygen, and conductivity.
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V. \."""\ e

An eel captured via spotlighting and hand netting Example of substrate sampled for macroinvertebrates

Figure 4 Images of detailed survey methodologies.

2.4 Data Analysis

Habitat data were summarised by calculating mean values for those parameters measured at each of the 12 Surber
sampling locations (water depth, wetted width, water velocity, substrate composition, and organic matter cover). Fish
data were summarised by total abundance, taxa richness, the density of fish captured per linear length of pipe sampled,

and relative abundance.

Macroinvertebrate data were summarised by total density, taxa richness, the densities or abundance of the five most
of abundant taxa, and non-metric multidimensional scaling ordination (NMS). Biotic indices calculated were the
number of Ephemeroptera-Plecoptera-Trichoptera taxa (EPT richness), % EPT abundance (i.e,, EPT abundance/total
abundance x100), the Macroinvertebrate Community Index (MCI), and its quantitative derivative (QMCI). The

paragraphs below provide clarification on some of these metrics.

Total density refers to the number of macroinvertebrates in the sampled area for each 0.1 m2 Surber sample. 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. Taxa richness can be used as
an indication of stream health or habitat type, where sites with greater taxa richness are usually healthier and/or have

amore diverse habitat.

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 exceptions to the

rule are hydroptilid caddisflies (e.g, Trichoptera: Hydroptilidae: Oxyethira, Paroxyethira), which are algal piercers and
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often found in high numbers in nutrient enriched waters. Hydroptilids were not found at the piped stream sites, nor
at the GWRC open stream sites. EPT richness and % EPT scores can provide a good indication as to the health of a

particular site. EPT taxa are generally more diverse in non-impacted, “pristine” stream systems.

The MClI score (and its quantitative variant, QMCI) 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 based on
pollution-tolerance values for each macroinvertebrate taxon that range from 1 (very pollution tolerant) to 10
(pollution-sensitive). MCl 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. According to the
interpretative categories of Stark & Maxted (2007), excellent conditions are indicated by a QMCI of >5.99 and an MCI
of >119; good conditions by a QMCI of 5.00-5.99 and an MCI of 100-119; fair conditions by a QMCI of 4.00-4.99 and
an MCI of 80-99; and poor conditions by a QMCI of <4.00 and an MCI of <80. GWRC has classified streams in their
region based on their physical characteristics and developed river class-specific “MCI ecological condition classes”
(Clapcott & Goodwin, 2014). The sampled streams were all classified as “Class 6 — Lowland, small”, which has MCI
classes nearly identical to those of Stark & Maxted (2007) (i.e, <80 = poor, 80-100 = fair, 100-120 = good, and 2120

= excellent).

NMS is non-metric statistical technique that condenses sample data (in this case macroinvertebrate community data)
to a single point in low-dimensional ordination space using some measure of community dissimilarity (Bray-Curtis
metric in this instance). Interpretation is straightforward such that points on an x-y plot that are close together
represent samples that are more similar in community composition than those further apart (Clarke & Gorley, 2006).
Significant differences in macroinvertebrate community composition between sites, catchments, Surber vs. kick net
samples, and piped vs. open streams were tested using the analysis of similarities (ANOSIM) procedure, which is a
non-parametric procedure, applied to the similarity matrix that underlies the NMS ordination. ANOSIM is an
approximate analogue of the standard ANOVA (analysis of variance) and compares the similarity between groups (in
this instance upstream control and downstream impact) using the R test statistic. R=0 where there is no difference in
macroinvertebrate community between groups, while R=1 where the groups have completely different communities.
Where ANOSIM results showed significant or near-significant differences in macroinvertebrate community
compositions, the similarity percentages (SIMPER) procedure was used to determine which taxa where responsible.
NMS, ANOSIM, and SIMPER were all carried out in PRIMER v6.1.5 (Clarke & Gorley, 2006). To determine which of the
measured environmental variables (wetted width, water depth, water velocity, biofilm cover, substrate index) best
explained the macroinvertebrate assemblages observed, the BEST procedure in PRIMER v6.1.5 was used (Clarke &
Gorley, 2006).



3 RESULTS

3.1 Habitat

Water depths were generally very shallow, with only one site (the tidally influenced Waipapa Stream) having an
average water depth greater than 0.1 m (Table 1). Two sites had relatively swift water velocities (The Parade - Dover
St and Waipapa), which were a result of pipe gradient. The other sites had very low water velocity, with the 302 The
Parade and Miramar - Shops sites having no detectable water velocity with the velocity head rod methodology used
(Table 1). Two sites had virtually no mobile substrate, with the streambed being entirely bare concrete (The Parade -
Dover St and ) or bricks (Waipapa) (Table 1, Figure 5). These were also the two sites with the relatively high water
velocities; hence it appears there are minimal depositional areas in these high gradient sections. The 302 The Parade
site was also predominantly concrete but did have some areas of deposited substrate. The three remaining sites had
a significant cover of a range of stony and sandy substrates (Table 1, Figure 5). Biofilms were prominent at all sites,
with the exception of 348 The Parade where none were detected (Table 1). Other organic matter such as leaves and
wood were relatively uncommon. Mesohabitat was predominantly runs, with the only riffle-type habitat present at

348 The Parade. Deeper pool habitat was only present at 302 The Parade and 348 The Parade (Table 1).

Spot water temperatures were in the 16.4-18.5 °C range across the sites, while specific conductivity was very high
(28,440 pS/cm) at the Miramar - Shops site due to the influence of seawater (Table 1). The other five sites had
relatively high specific conductivities (323-481 pS/cm) for freshwater systems. All sites had well oxygenated water,
with only the tidally influenced Miramar - Shops site being less than 80% saturation at the time of measurement
(Table 1).



10 |

April 2020

Table 1
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the entrance manholes (or start of macroinvertebrate sampling reach in Waipapa Stream).

Parameter

Pae Kawakawa Stream

The
Parade —
Dover St

302 The
Parade

348 The
Parade

Waipapa
Stream

Waipapa*

Habitat characteristics measured at each Surber sampling location (n=12 per site), mesohabitat percentages
measured over the length of the macroinvertebrate sampling reaches, and water quality spot measures recorded at

Miramar Stream

Miramar
Park

Miramar —
Shops**

measurement time

Mean wetted width (m) 1.17 0.63 1.14 0.52 1.25 1.38
Mean water depth (m) 0.07 0.05 0.05 0.07 0.04 0.16
Mean water velocity (m/s) 051 0 0.05 0.61 0.02 0
Concrete: 77 | Concrete: 12 Concrete: 25
Cobble: 5
Mean substrate Concrete: Cobble: 2 Cobble: 3 Gravel: 13 Cobble: 5
. 100 Pebble: 3 Pebble: 4 Brick: 100 ' Pebble: 37
composition (%) Pebble: 80
Gravel: 5 Gravel: 40 Sand: 2 Gravel: 31
Sand: 13 Sand: 41 ' Sand: 2
Biofilms: Biofilms:
' Biofilms: 76 _
Mean organic matter cover 100 Wood: 0.2 Wood: 2 Biofilms: 90 925 Biofilms: 60
(%) Leaves: Leaves: 0.7 Leaves: 1 Wood: 0.2
0.1 o Leaves: 0.6
Run: 97 Run: 51 Mesohabitat
Mesohabitat lengths (%) Run: 100 : Riffle: 44 Run: 100 Run: 100 varies with
Pool: 3 .
Pool: 5 tide
Spot temperature 16.4°C 18.5°C 18.2°C 17.4°C 17.7°C 17.8°C
481 28,44
Spot specific conductivity uS?cm 323 pS/em 580 pS/cm 371 uS/em 440 pS/cm p%/crg
Soot dissolved oxvaen 83.6% 93.4% 83.6% 95.2% 84.6% 74.8%
P V9 827mg/l | 886mg/l | 795mg/l | 922mg/l | 816mglL | 649mgl
t wat [it
Spot water quality 10:30am | 415pm 300 pm 12:20 pm 9:00 am 215 pm

*The Waipapa site data presented was collected in the reach where macroinvertebrates were sampled. All fish were observed in
the lower, tidally influenced 90 m of pipe, which had a mostly bare concrete base.

**The Miramar — Shops site was tidally influenced, hence wetted width and depth will vary over tidal cycles.
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348 The Parade - Waipap‘a Stream

Miramar Park Miramar - Shops

Figure 5 Images of each site within the macroinvertebrate sampling reach.
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3.2

Fish were present at five of the six sites that underwent detailed ecological survey, with only The Parade - Dover St
site not having any fish found over the 200 m survey reach (Figure 6). A total of 54 fish were found at the five piped
sites. Fish abundance ranged from 6-14 individuals, with the 348 The Parade site having the highest number of fish
(15 fish) and the 302 The Parade site having the least (six fish) (Figure 6). Species diversity was low with four species
being found across the sites, which were (in order of abundance) longfin eel, shortfin eel, banded kokopu, and inanga
(Figure 6). Longfin and shortfin eels were found at all sites where fish were found, whilst two banded kokopu (a
recently dead adult and a post-whitebait juvenile) and one inanga were only found at one site each (Figure 6, Figure
7). The two kokopu were found at the Miramar Park site. One was a recently dead adult banded kokopu (150 mm
long), which, based on the markings on the body, had been killed by a large eel (Figure 6). One banded kokopu post-

whitebait juvenile (50 mm long) was also found at this site. The single inanga was a young adult (70 mm) found at the

Report No. GRE01-17087-02
April 2020

Fish

tidally influenced Miramar - Shops site (Figure 6, Figure 7).

Taxa Richness

0
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Figure 6
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Fish community metrics and relative abundances from the six piped stream sites surveyed on 20-21 March 2019.
‘UniDed eel’ = unidentified eels, and refers to those eels that were not able to be caught to allow for a definitive
identification. Dark blue bars indicates the Pae Kawakawa catchment, grey bars Waipapa Stream, and light blue bars
the Miramar catchment.
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Post-whitebait juvenile banded kokopu

‘ » 38 ¥
- g
a7 .

/

b 4

Banded kokopu adult (dead)

Figure 7 Fish species found during surveys of the six piped stream sites on 20—21 March 2019.

Recent GWRC fish survey data were available from open stream sites in the Pae Kawakawa (two sites) and Miramar
Stream (one site), allowing for comparison of fish assemblages between remnant open stream sections and piped
stream sections (Figure 8). In the Pae Kawakawa catchment, no fish (or waikoura/freshwater crayfish) were found at
one open and one piped survey site. At sites where fish were found, there was a distinct difference in composition
between open and piped stream sections. Shortfin and longfin eel were found exclusively at the piped sites, while the
one open site with fish had banded kokopu (Figure 8). In the Miramar Stream catchment, eels (shortfin and longfin)
also dominated in the piped sites and longfin eels were only found at piped sites, while the single open stream site
surveyed had mostly banded kokopu (Figure 8). Waikoura were only found in open stream sites in both catchments.
Overall, the addition of the piped stream surveys has increased the known diversity of fish in both catchments by two

species (longfin and shortfin eel for Pae Kawakawa Stream, and inanga and longfin eel for Miramar Stream).
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Site Miramar Stream

Pae Kawakawa Stream

Figure 8 Relative abundance of fish species (including waikoura) at piped and open survey sites in the Pae Kawakawa Stream
and Miramar Stream catchments. Open stream sites were surveyed by GWRC and their site codes are shown in
parentheses.

Eels were also observed in trail camera footage, although it was impossible to determine species (Figure 9). Full

consideration of the use of trail cameras in piped streams is given in Section 4.4.

2019/03/06 19:36:09

Figure 9 Trail camera infrared night vision photo from the 348 The Parade site clearly showing an eel in midframe.



3.3 Benthic Macroinvertebrates — Surber Sampling

A total of 31 invertebrate taxa were recorded from the six sites that underwent detailed ecological survey. The most
diverse groups were the two-winged flies (Diptera: 10 taxa), crustaceans (Crustacea: 5 taxa), molluscs (Mollusca: 4
taxa), caddisflies (Trichoptera: 3 taxa), and polychaete worms (Polychaeta: 2 taxa). Groups represented by one taxon
included springtails (Hexapoda: Collembola), beetles (Coleoptera), mites (Arachnida: Acari), and four groups

collectively called worms (Nematoda, Nemertea, Oligochaeta, Platyhelminthes).

The total number of taxa captured at each site ranged from nine (302 The Parade and Miramar - Shops) to 14 (The
Parade - Dover St). Taxa unique to each site ranged from one (302 The Parade) to six (The Parade - Dover St) (Figure
10). Sites were dominated by non-insect taxa with oligochaete worms and Potamopyrgus snails being particularly
common (most abundant taxa at three and two sites respectively) (Figure 10). Other common non-insect taxa included
collembola, Physa snails, Ferrissia limpets, and mites. The only relatively common insect taxa at some sites were
various Diptera (true flies) taxa (Orthocladiinae and Polypedilum midge larvae, Psychodidae gnat larvae). The only
other relatively common insect were Scirtidae beetle larvae, which were only found at the The Parade - Dover St site
(Figure 10). The Trichoptera captured were single individuals of Hydropsyche (Aoteapsyche), Oeconesus (both at 348
The Parade), and Polyplectropus (at Miramar Park). Based on such rarity, it is likely these individuals had been

transported downstream from open sections upstream.

NMS ordination indicated samples from some sites were far more variable than others. For example, those samples
from the Miramar catchment (Miramar Park and The Parade - Dover St ) clustered fairly tightly together compared to
the large spread of the 302 The Parade and Waipapa Stream sites (Figure 11). ANOSIM comparing sites indicated a
moderately strong (Global R=0.63) and significant (p=0.01) difference among the sampling sites (Figure 11). SIMPER
results showing the main taxa responsible for differences between each site pair are shown in Appendix Table 1.
Between site differences often resulted from differences in the abundance of common, widespread taxa (e.g.,
Oligochaeta worms and Potamopyrgus snails). However, on several occasions taxa that are present in one site, but

absent from another contribute to differences (often Psychodidae gnat larvae, Physa snails, or Scirtidae beetle larvae).

The BEST procedure indicated that of the measured environmental variables, a combination of wetted width and
water velocity was the most correlated with the macroinvertebrate community data, although the correlation was not

strong (0.36) (see Appendix Table 2 for full BEST results).
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Pae Kawakawa Stream

The Parade — Dover

St

Total taxa: 14
Unique taxa: 6

302 The Parade

Total taxa: 9
Unique taxa: 1

348 The Parade

Total taxa: 13
Unique taxa: 4

Waipapa Stream

Waipapa Stream

Total taxa: 10
Unique taxa: 3

Miramar Stream

Miramar Park

Total taxa: 10
Unique taxa: 2

Miramar - Shops

Total taxa: 9
Unique taxa: 4

Oligochaeta worms
(MCI=1; 41%)

Potamop;}rgus snails
(MCl=4; 46%)

Potamap;}rgus snails
(MCI=4; 77%)

Collembola
springtails
(MCI=6; 43%)

Oligochaeta warms
(MCI=T1; 49%)

Oligochaeta warms
(MCI=T1; 48%)

AR  Riae

Psychodidae gnat
larvae (MCI=1; 18%)

Physa snails
(MCI=3; 28%)

Oligochaeta warms
(MCI=T1; 15%)

Oligochaeta warms
(MCI=1; 23%)

Potamop;}rgus snails
(MClI=4; 37%)

Polypedilum midge
larvae (MCI=3; 32%)

Physa snails

Physa snails

e |

= 3

Orthocladiinae | Oligochaeta worms Orthocladiinae Acarina mites
midge larvae (MCI=1; 18%) (MCI=3; 4%) midge larvae (MCI=3; 7%) (MCI=5; 7%)
(MCl=2; 14%) (MCI=2; 9%)
Collembala Ferrissia limpets Ferrissia limpets | Psychodidae gnat | Ferrissia limpets  |Potamopyrgus snails
springtails (MCI=3; 3%) (MCI=3; 2%) larvae (MCI=1; 9) (MCI=3; 3%) (MCl=4; 6%)
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Figure 10  The total number of taxa captured at each site, the number of taxa that were unique to that site, and the five
most abundant taxa at each of the six piped stream sampling sites. The relative abundance percentages and
MCI-hb scores for each taxon are shown in parentheses. All images © EOS Ecology except Ferrissia (A.

Mrkvicka), Polypedilum (Landcare Research), Psychodidae (MAF), and Scirtidae (Landcare Research).

When looking at the catchment scale, there is wide scatter among the samples with the ANOSIM comparing

catchments, indicating a relatively weak (Global R=0.19) but significant difference (Figure 12). SIMPER results

showing the main taxa responsible for differences between each catchment pair are displayed in Appendix Table 3. In

terms of catchment pairs, the Miramar and Waipapa catchments were the most different (R=0.73), while the Pae

Kawakawa and Miramar catchments were the least different (R=0.05), with the lack of Psychodidae gnat larvae in the

Miramar samples being the most notable faunal difference.
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Miramar Park

B ®  Miramar - Shops
10 hd . ® 302 The Parade
® 348 The Parade
o le The Parade - Dover St
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NMS Axis 3
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Figure 11 Non-metric multidimensional scaling (NMS) ordination of macroinvertebrate community data from the six piped
stream sites with data divided by site. Each point represents a single Surber sample. The analysis was based on
abundance data. Also shown is the ANOSIM site comparison result. A stress value of 0.11 is indicative of a fair
ordination that can still correspond to a usable picture.

T T I

2 Miramar
. ® Pae Kawakawa
. Waipapa
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-05
ANOSIM (Catchment): Global R=0.19, p=0.01 Stress=0.11

Figure 12 Non-metric multidimensional scaling (NMS) ordination of macroinvertebrate community data from the six piped
stream sites with data divided by catchment. Each point represents a single Surber sample. The analysis was
based on abundance data. Also shown is the ANOSIM catchment comparison result. A stress value of 0.11 is
indicative of a fair ordination that can still correspond to a usable picture.
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Mean macroinvertebrate densities were much greater at the 348 The Parade site than the other five sites (Figure 13).
In general, macroinvertebrates were at very low densities in piped streams and Surber samples were sometimes
lacking any animals at all (Waipapa Stream: 4 samples; 302 The Parade and Miramar - Shops: 1 sample each). The
Waipapa Stream site had particularly low densities and was also the site with the highest water velocities and only
site with a 100% brick bottom (Table 1, Figure 5). Mean taxa richness was greatest at the The Parade - Dover St site
and least at the Waipapa Stream site (Figure 13). The Parade - Dover St also had the highest number of overall taxa
captured (14), while 302 The Parade and Miramar - Shops had the least (nine taxa each) (Figure 10). Mean MCI tended
to be slightly higher at the three Pae Kawakawa catchment sites (i.e, The Parade sites) but was well within the “poor”

category (Figure 13). Likewise, QMCI scores all indicated “poor” conditions (Figure 13).
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Figure 13 Mean macroinvertebrate community metrics from each of six piped streams sites. Twelve Surber samples were
collected at each site. The interpretive categories of Clapcott & Goodwin (2014) and Stark & Maxted (2007) are
shown on the MCI and QMCI graphs, respectively.

3.4 Macroinvertebrates — Sticky Traps

Several invertebrate taxa were captured on sticky traps hanging vertically at each piped stream site. The most
common and abundant taxon was the fungus gnat family, Mycetophilidae, which were present at all sites, and do not
have aquatic larvae (Table 2). They are commonly found in damp habitats where their preferred host fungi are
abundant. Hence the dark, damp environment of piped streams likely suits the particular Mycetophilidae genera
found. Other terrestrial taxa found included mites, beetles, and ants (Table 2). Along with the various spiders observed

in the pipes, these indicate there is likely a significant terrestrial arthropod community living within piped streams.
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Adults of aquatic taxa included mosquitos (four sites), non-biting Chironomids (two sites), and crane flies (one site)
(Table 2). Larval mosquitos were found in Surber samples at one of the four sites where adult mosquitos were found
indicating, the value of sticky trapping at detecting additional aquatic taxa that may be missed by benthic sampling.
Chironomidae larvae were present at both the sites adult chironomids were found at (Table 2). These results confirm

there are various insect taxa flying around in permanent darkness and terrestrial and aquatic taxa are present.

Table 2 Invertebrates captured on single, double-sided sticky traps installed at each piped stream site for an
approximately two week period. The sticky trap at the Waipapa Stream site was lost. For those taxa with
aquatic larvae, the presence of potential larvae in Surber samples is indicated by “(larvae present)” in
the Larval Habitat column.

Sticky tra
Site name Taxa name Common name Ll Larval Habitat
count
Diptera: Mycetophilidae Fungus gnat 5 Terrestrial
The Parade - Dover St Aguati
Diptera: Culicidae Mosquito 2 quatic
(larvae present)
Diptera: Mycetophilidae Fungus gnat 2 Terrestrial
302 The Parade
Diptera: - Sciariidae Fungus gnat 1 Terrestrial
Aquatic
Diptera: Chironomidae Non-biting midges 1 quet
(larvae present)
348 The Parad
8 The Parade Diptera: Mycetophilidae Fungus gnat 12 Terrestrial
Diptera: Culicidae Mosquito 1 Aguatic
Acari Mites 6 Terrestrial
Diptera: Mycetophilidae Fungus gnat 17 Terrestrial
Coleoptera Beetles 2 Terrestrial
Miramar Park Formicidae Ants 2 Terrestrial
Diptera: Tipulidae Crane flies 1 Possibly Aquatic
Diptera: Culicidae Mosquito 3 Aguatic
Aquati
Diptera: Chironomidae Non-biting midges 1 quatic
(larvae present)
Diptera: Mycetophilidae Fungus gnat 451 Terrestrial
Miramar - Shops
Diptera: Culicidae Mosquito 3 Aguatic
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3.5 Benthic Macroinvertebrates — Surber vs. Kick Net Samples

Surber sampling involved much more sampling effort with a greater area of habitat sampled compared to kick nets
collected from the surface using the long-handled kick net illustrated in Figure 2. This resulted in Surber samples
collecting higher numbers and a greater diversity of benthic macroinvertebrates than the kick nets (Figure 14, Figure
15, Figure 16). Consequently Surber sample data had between three and ten extra taxa per site that were not
encountered by the single kick net sample (Figure 14, Figure 15). However, at three sites the kick net samples also
contained two or three taxa that were not captured in any of the 12 Surber samples collected at each site (Figure 14,
Figure 15). NMS ordination of presence-absence data showed the two methods aligned more closely at some sites than
others. For example, Surber and kick net data plotted relatively close together for the 348 The Parade and Miramar -
Shops sites, compared to the other two sites (Figure 17). ANOSIM comparing the two methods showed no significant

difference.

Despite the disparity in sampling effort, the five most common taxa at each site were generally similar between Surber
and kick net sampling. For the 348 The Parade site the four most abundant taxa, and at the Miramar Park site the two
most abundant taxa, were the same for both sampling methods (Figure 14, Figure 15). Each sampling method was
undertaken at a different time (Surber’s: March 2019; Kick nets: May 2018), which may have played some role in the
macroinvertebrates captured. However, piped streams are a more stable environment compared to open streams in
terms of seasonal variables like temperature and daylight, so any seasonal variation in macroinvertebrate

communities is likely to be minimal.

Overall, site MCI and QMCI scores based on a single sample (kick nets) or twelve pooled samples (Surbers) varied
between the sampling methods. MCI scores for pooled Surbers were higher than those of kick net samples at three of
the four sites, while pooled Surber QMCI was higher than kick net scores for two of the four sites (Figure 16). However,
all scores remained well in the “poor” category, with the exception of the Surber data at the 348 The Parade site, which

»

was slightly above the “poor”-“fair” boundary (Figure 16).
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Collembola springtails
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Figure 14  Pae Kawakawa Stream catchment: The total number of taxa captured at each site with each method (Surbers
and kick net), the number of taxa that were unique to each method at that site, and the five most abundant taxa
of each method and site. The relative abundance percentages and MCI-hb scores for each taxon are shown in
parentheses. All images © EOS Ecology except Ferrissia (A. Mrkvicka), Psychodidae (MAF), and Scirtidae
(Landcare Research).
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Miramar — Shops Kick
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Figure 15

Miramar Stream catchment: The total number of taxa captured at each site with each method (Surbers and kick

net), the number of taxa that were unique to each method at that site, and the five most abundant taxa of each
method and site. The relative abundance percentages and MCI-hb scores for each taxon are shown in
parentheses. All images © EOS Ecology except Ferrissia (A. Mrkvicka), Polypedilum, and Scirtidae (Landcare

Research).

| SCIENCE + ENGAGEMENT




Fresh
water E
colog
Vi .
of Piped Streams i
Pilot s in Welli

Study Finallggtom |
port 23

1400 4
1200 4
1000 4
3
5]
g 0y
3 14 4
=
= 600 A
E™ . 7
400 4
’ 10
2
200 4 g
= 8
é;;?
<
o g 6
Tre P2 a0e- 0% et qutick
Toe parade” Dovel QS
8 The ?arade-‘{(\w 44 7
208T0e Pa(at\e-%um
Wirama’ Paw\«-\(\c‘«
w\l\\(amax\’a‘k-“aum 7]
irarme' vas—Y\\ck
100 4 Wirama® ~$mps-5um
Site 0
e parade Dover S\»Y\\f)ﬂ‘ ¢
80 The patade Dovel qrSu®
213 The ?awaﬁe»ﬁm\(
tsbmm?araﬁe%um
] irama® \’aw»\(\c\
N\\(ama(?MaxK»Sums " T
609 jrama’ NOpS” ek -
= 7_ F 4 iraret © S\wws%um
=] air 0 s
= ite
404 35
0 . s
7_ 30 N
24 Fair
254
2 ’ Poor
g 204
e —
T\\e?a(ade-%\la( S\»\(\c\x‘ ¢ .
Xhz?maﬂe - Dovel Gesud
g e ?a(ade%\:\(
8 The ?a(a(\e»%um 10
M\‘amaﬂ’a‘k»wc‘« 01 i,
Wirame® \’a(‘«»Sum - 7
i~ S\wps»\(\c\( y 5
\\l\\(amaw -Shnps%um 91 /
0.0 /
Xhe‘?axada _povef S\»K\c‘«l b /
Toe P ade " Dove!l Gesud
e The Pawadev\(\n‘«
SL\%Whe?axade»Sum
iamet VB(V\»Y(\DV\
Wirama® \’ar\(»%um -
e~ S\wps»\(m\( -
irame® ” Shnus»%um

Figure '
16 Site
Mean
macroi
was avai inverteb
lab rate
Surbe ilable. Stri communi
rsam ipped b unity metri
ple ars etr
(2007) are sh s have been are Surber ics from the f
own on the Mpomed' The _Samp|eS and O-UI' plped st Site
e QMC! s e S
Cl graphs rescategories °frce| kick net San‘:"here Surber
, respectivel apcot ples. D and ki
y. t & Good . Data fro ick net d
win (201 m the t ata
4) and welve
Stark &
Maxte
d

| SCI
EN
CE + ENGAGEM
ENT



1579 @  Miramar Park - Kicknet
A Miramar Park - Surber
Miramar - Shops - Kicknet
Miramar - Shops - Surber
1.0 1 @ 348 The Parade - Kicknet
A 348The Parade - Surber
The Parade - Dover St - Kicknet
The Parade - Dover St - Surber
o~ 05 '
= A
w
= °
00 T ‘
_05 .
A
10 Stress=0.04  ANOSIM (Method): Global R=-0.09, p=0.66
- T T T T T 1
-15 -1.0 05 0.0 05 1.0 15
NMS Axis 1

Figure 17  Non-metric multidimensional scaling (NMS) ordination of macroinvertebrate community data from the four piped
stream sites where Surber (triangles) and kick net (circles) data was available. Kick nets were single samples
whilst the 12 Surber samples per site were pooled to one sample per site, and all data transformed into
presence-absence. Also shown is the ANOSIM method (Surber or kick net) comparison result. A stress value of
0.04 is indicative of an excellent representation of data with no prospect of misinterpretation.

3.6 Benthic Macroinvertebrates — Piped vs. Open Stream Sites

In the Pae Kawakawa (Island Bay) and Miramar catchments, GWRC had undertaken macroinvertebrate sampling from
sections of remnant open stream in January 2019, with which we could directly compare the piped stream site data.
It was considered the collection of twelve quantitative Surber samples per site would provide a better representation
of the benthic macroinvertebrate community of piped stream sites than would the data obtained from a single, kick
net sample collected down the manhole shaft with a modified, long-handled sampling net. Hence, we have used this
piped stream Surber data for this piped vs. open stream comparison. GWRC sampled one open site in each catchment
(Figure 3). A second open stream site in the Pae Kawakawa Stream catchment was found to be dry when visited. In
the Pae Kawakawa Stream catchment a total of 22 taxa were found across three piped stream sites (7-14 taxa range
at individual sites), while 29 taxa were found at the GWRC open stream site. In the Miramar catchment and total of 19
taxa were found at the two piped stream sites (nine or ten taxa at each site), while 26 taxa were found at the GWRC

open stream site.

The main differences between open and piped sites in the Pae Kawakawa catchment in terms of the most abundant
taxa were the dominance of chironomid midge larvae (Polypedilum and Orthocladiinae) and presence of relatively
pollution-sensitive Hydropsyche (Orthopsyche) larvae at the open stream site (Figure 18). At the piped stream sites,
while midge larvae were also among the more common taxa, oligochaete worms and snails (Potamopyrgus and Physa)
tended to be the most abundant taxa (Figure 18). While also dominated numerically by Potamopyrgus snails, the
macroinvertebrate community of the open stream site in the Miramar catchment differed from those of the two piped
sites by having two pollution-sensitive taxa (Hydropsyche (Orthopsyche) caddisflies and Zephlebia mayflies) as the
second and third most abundant taxa (Figure 19). The sampling of piped streams sites detected an additional ten taxa
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in the Pae Kawakawa catchment and an additional seven taxa in the Miramar catchment to the open stream site

samples taken in each catchment.
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Figure 18

Pae Kawakawa Stream catchment: The number of unique taxa at each site and the five most abundant taxa of

each piped stream site and the single GWRC open stream site. The relative abundance percentages and MCI-hb
scores for each taxon are shown in parentheses. All images © EOS Ecology except Ferrissia (A. Mrkvicka),
Psychodidae (MAF), Polypedilum and Scirtidae (both Landcare Research).
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Figure 19  Miramar Stream catchment: The number of unique taxa at each site and the five most abundant taxa of each
piped stream site and the single GWRC open stream site. The relative abundance percentages and MCI-hb
scores for each taxon are shown in parentheses. All images © EOS Ecology except Ferrissia (A. Mrkvicka) and

Polypedilum, (Landcare Research).
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Macroinvertebrate community metrics were all greater at the open stream sites than the piped stream sites in the Pae
Kawakawa and Miramar catchments (Figure 20). While different sampling methods were used (single composite kick
net at open sites; 12 Surber samples at piped sites), it is clear there were much higher numbers of macroinvertebrates
and taxa at the open stream sites in both catchments. MCI and QMCI were higher at open sites, although only
marginally for QMCI in the Pae Kawakawa catchment (Figure 20). EPT taxa richness and percentage EPT individuals
were substantially higher at the open sites, with three of the five piped stream sites not having any EPT taxa at all
(Figure 20). At those piped sites with EPT taxa, these were just single individuals that may well have been transported

from upstream open sites during floods, rather than being permanent residents.
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Figure 20 Macroinvertebrate community metrics from open and piped stream sites in the Pae Kawakawa (dark blue bars)
and Miramar (light blue bars) catchments. Open stream data were derived from a single composite kick net
sample and piped stream data from pooling 12 Surber samples. Striped bars indicate open stream sites. The
interpretive categories of Clapcott & Goodwin (2014) and Stark & Maxted (2007) are shown on the MCI and
QMCI graphs, respectively.
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NMS ordination showed open stream sites were clearly separated from piped sites along Axis 2, although all sites (both
open and piped sites) were quite separated from one another along Axis 1 (Figure 21). ANOSIM indicated a marginally
significant difference between open and piped sites (p=0.048), while a R value of 0.56 is indicative of moderate
differences in macroinvertebrate composition among site type (open and piped) (Figure 21). SIMPER results
indicating the taxa most responsible for this open-piped difference are shown in Appendix Table 4. Non-insect taxa
(oligochaete worms, Potamopyrgus snails, and Physa snails) tended to have higher relative abundances at piped sites,
while insect taxa (Polypedilum and Orthocladiinae midge larvae and Hydropsyche (Orthopsyche) caddisfly larvae) had
higher relative abundances at the open stream site (Appendix Table 4). Given the analysis is based on relative
abundances, it is important the remember that at the open stream sites benthic macroinvertebrates were generally

more abundant overall (Figure 20).
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Figure 21  Non-metric multidimensional scaling (NMS) ordination of macroinvertebrate community data from open and
piped stream sites in the Pae Kawakawa (dark blue symbols) and Miramar (light blue symbols) catchments.
Open stream data is derived from a single composite kick net sample and piped stream data from pooling 12
Surber samples. Data was converted to relative abundance prior to analysis. Also shown is the ANOSIM open vs.
piped comparison result. A stress value of 0.04 is indicative of an excellent representation of data with no
prospect of misinterpretation.



4 CONCLUSIONS

4.1 Habitat

Zones of cobble and gravel substrate are present within piped streams and provide a stream bed in such areas that at
least appears natural, although it will usually be underlain by concrete or sealed brick. Organic material (leaves, woody
debris, tree roots) were also present. Stony substrates, leaves, and wood debris have presumably been transported
from upstream remnant open stream sections and stormwater inputs. Some sites had minimal or no loose rocky
substrates. It is likely that piped streams have depositional and erosional zones based on gradient and water velocity
as in natural stream channels, with the difference that erosional zones will generally be bare concrete or whatever
material the pipe is constructed from. Water depths at the surveyed sites were generally very shallow (<10 cm) and
deeper pool habitat appeared to be very limited or absent. Brown-orange biofilms were prominent at five of the six
sites and presumably are a food source for some macroinvertebrates. Spot measures of dissolved oxygen indicated

relatively well oxygenated water.

From an ecological perspective, piped stream habitat could be improved from measures that increase water depths,
increase the abundance of pool habitat, slow water velocities, trap natural substrates and organic material, and
provide cover for fish. This is especially the case in higher gradient pipes such as observed at the Waipapa Stream and
The Parade - Dover St sites, where long reaches of continuous high velocities over bare concrete or brick meant there
was very limited habitat for fish and invertebrates (Figure 22). Proven technologies such as flexible plastic baffles are
available to retrofit such zones to improve fish passage and provide slower velocity habitat for resident fish. Such
baffles may also facilitate the retention of natural substrates and organic material, further improving habitat quality,

including habitat for aquatic macroinvertebrates.

In terms of deeper pool habitat, more substantial structures such as leaky rock weirs could be used in appropriate
locations to create such habitat in existing pipes. Some manholes, such as that at the Miramar Park site, were designed
such that below the manhole was a pool-like zone of deeper water compared to the habitat directly upstream and
downstream (Figure 23). There is the potential where pipes are being replaced or new ones laid that special pipe

sections that create deeper pool habitat could be incorporated into the design.



30 Report No. GRE01-17087-02
April 2020

Figure 22  Long, homogenous zones of high water velocities at the Waipapa Stream site (left) and The Parade — Dover St
site in the Pae Kawakawa catchment (right).

Figure 23  Pipe design at the Miramar Park site allowed the development of deeper pool-like habitat.
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4.2 Fish Assemblages

Fish were present at five of the six detailed survey sites, hence appear to be widespread in the piped stream network.
Fish diversity of piped stream sites was low and dominated by eels, with both longfin and shortfin eels present. Inanga
appear to have the ability to live within piped streams. However, in catchments that are piped to the ocean it is highly
unlikely they could ever successfully spawn due to alack of spawning habitat. Additionally, it is highly likely they would
be at low densities, would have limited ability to get beyond velocity and physical barriers due being relatively weak
swimmers, and at high risk of eel predation given the lack of cover. There appears to be clear habitat partitioning of
the fish fauna (and waikoura) in catchments that have extensive piped sections and remnant open headwater sections.
Eels dominate the pipes while banded kokopu (and also waikoura) dominate the open sections, hence even relatively

short sections of remnant open streams are crucial to maintaining catchment fish diversity.

Based on previous open stream fish survey data, it is clear the whitebait of at least banded kokopu and koaro travel
through the piped stream network to reach open sections with suitable habitat. Eels resident in the pipes likely feed
extensively on upstream migrating whitebait and elvers at certain times of the year. The piped stream sites generally
lacked fish cover and it was observed that even in near complete darkness, eels preferred to spend some of their time
hiding under whatever cover was available, including tree roots, rubbish, concrete rubble, fine sediment
accumulations, and woody debris (Figure 24). There is the potential that habitat improvement features could be added
to piped streams to both provide cover for resident fish and improve conditions for migrating whitebait (e.g. fitting
flexible baffles to sections with high velocity, laminar flows; increasing water depths/creating pools using leaky weirs;

installing artificial fish cover elements such as securely attached small lengths of pipe) .

Figure 24  Eel attempting to use tree roots as cover.
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4.3 Benthic Macroinvertebrate Assemblages

Piped stream sites were dominated by oligochaete worms, snails (Potamopyrgus and Physa), and midge larvae
(Orthocladiinae and Polypedilum). Collembola springtails, Psychodidae gnat larvae, mites, and Ferrissia limpets were
prominent at some sites. These are taxa known to be tolerant of or that prefer degraded stream habitats, hence it is no
surprise they are able to persist in piped streams. It is notable that some of these taxa typically graze on algae or plant
material in open streams (e.g. snails and limpets), hence they must be able to survive on the biofilms that grow in near
complete darkness and/or organic material (e.g, leaves) that enter and are retained in the piped streams. There were
some between-site differences in macroinvertebrate communities, often driven by differences in the abundance of the
most common and widespread taxa (e.g. oligochaete worms and Potamopyrgus snails). However, on several occasions
taxa that were present in one site, but absent from another, contributed to differences (often Psychodidae gnat larvae,
Physa snails, or Scirtidae beetle larvae). Of the measured environmental variables, a combination of wetted width and
water velocity showed the strongest correlation with macroinvertebrate data, although this was fairly weak (0.36).
Water velocity appeared to have some effect on the community composition, with the two sites with the highest water
velocities and a general lack of natural substrates (Waipapa Stream and The Parade - Dover St) being the only sites
not to have Potamopyrgus snails among the five most abundant taxa. Additionally, both these sites were also the only
ones to have collembola springtails, Psychodidae gnat larvae, and Orthocladiinae midge larvae among the top five most
abundant taxa. The only other known published aquatic macroinvertebrate data from New Zealand piped streams are
that of Neale & Moffett (2016), who collected samples from two piped sites as they were being removed as part of a
daylighting project in Auckland. One of their sites was strongly dominated by oligochaete worms followed by mollusca
and Diptera larvae, while the other was dominated by Diptera larvae. Three of our six sites were also dominated by
oligochaete worms, however none were by Diptera larvae, although they were present at all sites. Neale & Moffett's
(2016) study catchment had far more open channel length remaining than the catchments of this pilot study, and this

may have some effect on the macroinvertebrate assemblages they encountered.

Mean invertebrate densities and taxa richness were low at all piped stream sites and MCI and QMCI were well within
the “poor” quality class, although it is worth noting MCI was never intended for use in artificially piped streams, hence
scores may not be overly applicable to such environments. It is clear that extensive piping of the stream channel has
resulted in a macroinvertebrate community being limited to those species able to persist in a totally enclosed stream
with near total darkness, no riparian vegetation or benthic algae, and subject to very flashy flow conditions.
Additionally, given the predominantly urban catchment, they are further subjected to the various contaminants that

are common with such a land use (e.g., heavy metals, hydrocarbons, detergents, paint wash water, etc.).

A comparison of macroinvertebrate communities between open and piped stream sites in the same catchments
indicated open stream sites have a greater abundance of macroinvertebrates, greater taxa richness, and more
pollution-sensitive EPT taxa than piped sites. It is likely the more natural conditions of the open sites (e.g. riparian
vegetation, benthic algae, day-night cycle, greater instream habitat variability and likely a more stable habitat under
flood conditions) supports higher densities and a greater diversity of macroinvertebrate taxa. Longitudinal studies
centred on natural cave stream entrances have shown similar results with lower invertebrate richness and diversity
within cave streams (e.g. Watson, 2010). The main macroinvertebrate community differences between open and
piped stream sites in the Pae Kawakawa catchment were Polypedilum and Orthocladiinae midge larvae being the two
most abundant taxa and the relatively pollution-sensitive Hydropsyche (Orthopsyche) being the third most abundant
taxa at the open site. Similarly, the main macroinvertebrate community differences in the Miramar catchment are the
presence of Hydropsyche (Orthopsyche) caddisfly larvae and Zephlebia mayfly larvae as the second and third most
abundant taxa at the open site. The open-piped site comparison in the Miramar catchment is confounded somewhat
as the open site was in a headwater stream in a vegetated reserve with minimal urban inputs, while the piped sites
were further downstream and subject to substantial urban stormwater inputs. This was not the case in the Pae

Kawakawa catchment as the open site was in a short section with pipes upstream and downstream and thus received



urban stormwater runoff. Based on this limited data, it would appear that within extensively piped catchments,
remnant sections of open stream are extremely important in maintaining catchment aquatic macroinvertebrate
diversity. As such, the piping of even short sections of remnant open stream in urban catchments should be resisted.
Additionally, it is evident the daylighting of piped streams, even relatively short sections, could have positive effects

on catchment macroinvertebrate diversity.

For short sections of remnant open stream that have piped sections upstream and downstream (such as the GWRC
Pae Kawakawa Stream site), the source of aquatic insects with flying adults (e.g.,, Hydropsyche (Orthopsyche)) pose
several questions. Do adults fly up or down pipes to reach the site? Do adults fly across the heavily urbanised
catchment to reach the site? Is the population sustained predominantly by emergence and oviposition of local
individuals? Are some larvae transported to the site through the pipe network from upstream open stream habitat?
Additionally, are some macroinvertebrate taxa that prefer open stream habitat able to persist in the pipes for some
distance directly downstream of remnant open sections? This final question could be addressed by finding accessible
pipe sites with open habitat directly upstream so you could collect samples from open habitats and at increasing

distances downstream in the pipe network, utilising a combination of benthic and drift sampling methodologies.

4.4 Sampling Methodologies

For future piped stream macroinvertebrate surveys, the selection of methods would primarily depend on the overall
aim of the study. Collecting a kick net sample from the surface is relatively quick and does not require confined space
entry so many sites could theoretically be done in a single day. We have shown such a method can also yield
macroinvertebrate community data at some sites that is fairly similar to that collected by Surber samples, at least in
terms of presence/absence of more abundant taxa. There was some within-site variation in MCI and QMCI values
between the two sampling techniques, although these were not great enough to change quality class interpretation
with all sites being “poor”, with the exception of MCI at one site (348 The Parade) where the Surber MCI was just above
the “fair” threshold. Additionally, surface kick net sampling can be used at sites that are either too small or deemed
too hazardous for people to enter (i.e., smaller dimension pipes, deep pipes, pipes with inflows from former landfill
sites). Further, improvements to sampling equipment, such as a curved net frame for round pipe sites and a long
handled stiff brush to scrub the stream bed, could improve sampling efficiency. However, the efficiency of sampling
will never match that of standard open stream kick net sampling, such that a single manhole site sampled from the
surface is not directly comparable to a single open stream site. To characterise the piped stream macroinvertebrate

assemblage of a catchment surface kick net samples from several separate manholes would be required.

If a more detailed and accurate representative sample of the macroinvertebrate community is desired, then full pipe
entry to undertake quantitative Surber sampling is recommended. Such sampling is less awkward, enables a larger
area of stream bed and differing habitats/substrates to be sampled, but it is more time consuming/expensive.
However, it is evident piped stream macroinvertebrates are very sparse, so it is recommended a greater area of stream
bed is sampled than this pilot study for any future in-pipe Surber sampling. Twelve samples would still be reasonable,
but samples could be obtained by pooling four standard Surber areas (i.e, sample four locations for each sample),
which would result in four times the area being sampled as the current study. In-pipe Surber sampling also allows

direct access to measure habitat variables and undertake spotlighting fish surveys.

The use of trail cameras to detect fish was trialled. While it did not appear eel movement was sufficient to trigger their
operation, footage obtained through time lapse still and video imagery clearly was able to show eels moving around
in the piped stream, although the species could not be identified (Figure 9). Hence, well installed trail cameras could
be used to detect the presence of eels in piped streams, and could be especially useful in areas where the pipes are too
small to be entered. It would be key to install cameras in such a way that they are well above any likely high flow events

and positioned to provide the best footage possible as the confined space of piped streams can result in overexposed



imagery if the infrared flash is reflected off the walls. There is the potential some kind of rig could be constructed so
that cameras could be installed without the need for confined space entry. However, the use of cameras will not be
sufficient to identify the species of eel, and nor would it be sufficient to see other fish, which would be too small and /or
too cryptic to be seen from the cameras. Concomitantly, observations down manhole shafts without entering the piped
streams can detect the presence of larger eels if they happen to be present at that particular time in the small section
of stream that is visible, but are unlikely to reliably determine the species of eel or detect smaller and more cryptic fish
species (e.g, banded kokopu, inanga). Thus if the aim of the study was to identify/detect all fish that may be found in

a piped network, then accessing the stream to walk the piped channel would be required.

Given that the greatest expense in any pipe survey is the entering of the pipe (as this requires more personnel and
specialist training and certification), then if a pipe was being entered to survey fish, then it would make sense to also

collect invertebrate samples at the same time, or vice versa.

The sticky traps trialled captured relatively small numbers of flying insects, with taxa with terrestrial larvae being the
most commonly trapped taxa at all sites. Despite this, they did capture taxa with an aquatic larval stage that were
additional to those captured in benthic Surber samples (i.e., adult mosquitoes), although these flying adults did not
necessarily originate from the surveyed section of piped stream. If sticky trapping was to be used it is recommended
that several replicate traps are set along a 200 m survey reach. This would, however, require return entry to the sites
after some period of time to retrieve the traps and would not be worthwhile if single-visit fish and macroinvertebrate
sampling visits were being undertaken, given the expense of piped stream entry. It could be possible to design an
active light trapping setup that could be suspended from manholes and thus not require piped stream entry to install

and retrieve. Such a setup would require design and testing.
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4.5 Recognition and Protection

There are various stormwater pipe management and construction practices that could have negative impacts on the

biota that exist there:

» The removal of accumulated sediment and detritus via suction truck will remove habitat and likely lead to fish and

macroinvertebrate mortality.

» Pipe repairs or alterations using mortars and grouts have the potential to negatively impact water quality and harm

biota.

» Locations where pipe diameter changes have the potential to create fish barriers, as observed in Pae Kawakawa

Stream under The Parade in Island Bay (Figure 25).

» The use of smooth, circular pipes may reduce the accumulation of natural gravels and detritus that provide habitat

and cover for piped stream biota compared to older box culvert designs.

The permanent piping of existing remnant open stream sections will permanently alter the ecological function and
fauna of those sections. There can be pressure to allow piping of such sections given that the majority of stream length
in that catchment are already piped. However, this should be resisted from an ecological perspective given that these
open remnant sections represent biodiversity ‘hotspots’ compared to piped sections for fish, macroinvertebrates, and

likely algal species.

Currently, piped streams in Wellington are generally considered part of the stormwater system and managed as such.
The Proposed Natural Resources Plan and the previous Regional Freshwater Plan do not provide any specific
protection of piped stream habitats, the biota that inhabit them, or formally recognise them as migration pathways for
freshwater fish. For example, if a section of piped stream was to be disturbed or replaced, there are no planning rules
that would trigger the consideration of any ecological values or even alert GWRC freshwater scientists that the work
was planned, even if the pipe in question is a fish migration pathway or has a permanent fish community within it. It

would be sensible to work towards having piped stream recognised for their ecological values and be managed as such

in the next iteration of the Natural Resources Plan.
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Figure 25 A change in circular, concrete pipe dimensions in Pae Kawakawa Stream under The Parade in Island Bay in a
high velocity section of piped stream has created a small, undercut drop that may impede fish passage.
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5

RECOMMENDATIONS

5.1 Sampling Methodologies

»

»

Develop a rapid piped stream ecological assessment protocol that can be done from manholes without the need for
a confined space entry. This would allow multiple sites to be covered in a day and sampling of pipes too small

and/or too hazardous for entry. This could include:

- Sampling of macroinvertebrates using a modified, long-handled kick net and multiple manhole entry points

(more entry points will be needed to obtain sufficient representative samples).

- Habitat assessment of visible section of piped stream including measurement or visual estimation of water
depth, wetted width, water velocity, substrate composition, and organic matter type and abundance. This can
be improved by lowering of a GoPro camera or similar on a pole to obtain footage of general habitat upstream

and downstream of the manhole.
- Observation of any eels that happen to be present and visible down manhole shafts.

Undertake detailed surveys that require pipe entry at key locations in main catchments. In practice this would likely
only be in the middle to lower parts of larger catchments due to pipe size constraints. Any future detailed surveys
should increase the area sampled for macroinvertebrates (e.g, collect pooled Surber samples rather than single
samples) and include a fish survey via spotlighting and hand netting of at least 200 m of channel (so that actual fish

species can be determined).

5.2 Habitat Improvements

»

»

»

Investigate the viability of undertaking various in-pipe habitat improvement retrofits including:

- Installation of flexible baffles (or similar) in zones of high velocity, laminar flows to slow water velocities,

increase water depths, and provide resting areas for resident and migrating fish.

- Installation of artificial elements such as small pipes or half pipes securely attached to the pipe base to provide

fish cover for resident and migrating fish.

- Installation of structures to increase water depths, create pool habitat, and increase retention of organic and
stony substrate material. These could take the form of leaky weirs constructed of small boulders at appropriate

locations to create pools and small wood or rock vanes across the low flow channel.

Some locations have in situ materials from which fish cover can be constructed, however such improvised features

are unlikely to withstand high flow events (Figure 26).

Where old pipes are being replaced or new piped sections constructed, investigate integrating in-pipe habitat
features into the design rather than just using the standard, smooth bottomed concrete pipe design. This could
include constructed pools, and designed low flow channels that incorporate fish cover elements and an irregular,

rough pipe bottom to facilitate retention of stony bed substrates and organic matter.



Figure 26  Improvised fish cover feature constructed from rubble found at one piped stream site.
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»

»

»

Undertake a formal programme to identify sections of the stormwater pipe network that can be considered to be
“piped streams” in that they are permanently flowing and close to where a natural, open stream was known to be
or highly likely to have been located historically. This would involve extensive examination of WWL stormwater
pipe GIS layers, waterway GIS layers, historical information on streams and urban development, and institutional
knowledge at WWL, local councils, and the contractors who regularly work with the stormwater pipe network. The

ultimate goal would be to create a detailed and accurate “piped stream” GIS layer.

After an accurate “piped stream” GIS layer has been created, initiate work to populate it with relevant metadata
including presence or absence of permanent fish population, importance as a migratory fish pathway, in-pipe
habitat quality, and macroinvertebrate community metrics. This would require a mix of GIS analyses and field

investigations.

Aim to include provisions around maintaining and improving piped stream ecological values in the next iteration

of the regional plan.



5.4 Further Research

»

»

»

»

»

A more widespread general survey of piped streams in the region, which should include smaller diameter pipes
that would be unsuitable for human entry. This would feed into the recognition and protection recommendations

above.

Initiate research into the length of piping that results in permanent changes to fish and macroinvertebrate
assemblages. Unpublished data held by EOS Ecology from a 220 m pipe in Wellington indicates a
macroinvertebrate and fish community in the pipe largely similar to that of natural open stream habitat upstream
(i.e, abundant EPT taxa and a relatively diverse fish fauna (eels, banded kokopu, kdaro) resident in the pipe). There
could be some pipe length threshold at which there is a shift towards only those fauna that can cope with piped
stream conditions, such as those found in this pilot study. Because of its topography, the greater Wellington region

is a good candidate to find sampleable pipes of different lengths with open channels upstream or downstream.

Initiate research into the importance of remnant open stream channels at maintaining catchment biodiversity,
including the length of open habitat required for a macroinvertebrate and fish assemblage comprised of open
stream habitat preferring taxa to be self-sustaining. This could help inform the minimum length of pipe daylighting
required to attract open habitat preferring taxa. Part of such a study could involve determining how far
downstream open habitat preferring taxa can persist in the pipe network and a comparison with longitudinal

studies of natural cave systems (e.g., Watson, 2010).

A test of the effectiveness of in-pipe habitat improvements at suitable locations. This would include the design and
installation of baffles at some locations and structures to increase water depths at others. Before-after, control-
impact sampling of fish and macroinvertebrates could be used to determine if such features are worthwhile to

install in piped streams.

MEDIA

Ecological work in piped streams has the ability to capture the imagination of journalists as a press release by

GWRC prior to the fieldwork resulted in stories by TVNZ’s One News and Radio New Zealand:

. www.tvnz.co.nz/one-news/new-zealand /whitebait-eels-found-in-wellingtons-stormwater-system

. www.rnz.co.nz/national /programmes/ourchangingworld /audio /2018697287 /the-streams-beneath-the-streets
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9 APPENDICES

9.1 Appendix 1 — SIMPER Results Comparing Sites

Appendix Table 1 SIMPER results showing those taxa that contribute >5% of the differences between stream sites.
Abundances shown are forth root transformed values. Also shown in parentheses are ANOSIM R-values
for each pairwise comparison.

The Parade—Dover St & Waipapa Stream

The Parade—Dover St Waipapa Stream
(R=0.64, p=0.001)
Orthocladiinae midge larvae 1.26 0.19 18.02
Psychodidae gnat larvae 1.25 0.31 16.65
Oligochaeta worms 1.43 0.53 15.39
Collembola springtails 0.73 1.13 12.66
Scirtidae beetle larvae 0.58 0 8.82
Polypedilum midge larvae 0.43 0.14 6.31
Acarina mites 0.33 0.14 5.01

The Parade—Dover St & 302 The Parade
(R=0.82, p=0.001)

The Parade—Dover St 302 The Parade

Psychodidae gnat larvae 1.25 0 15.73
Orthocladiinae midge larvae 1.26 0 15.3
Oligochaeta worms 1.43 0.52 13.05
Potamopyrgus snails 0.17 1.16 12.43
Physa snails 0 0.8 8.53
Collembola springtails 0.73 0.09 8.38
Scirtidae beetle larvae 0.58 0 6.82
Waipapa Stream & 302 The Parade Waipapa Stream 302 The Parade
(R=0.69, p=0.001)

Collembola springtails 1.13 0.09 23

Potamopyrgus snails 0 1.16 21.87
Physa snails 0.14 0.8 13.36
Oligochaeta worms 0.53 0.52 13.11
Psychodidae gnat larvae 0.31 0 5.1

Ferrissia limpets 0 0.29 5.08

The Parade—Dover St & 348 The Parade
(R=0.93, p=0.001)

The Parade—Dover St 348 The Parade

Potamaopyrgus snails 0.17 2.66 21.48
Psychodidae gnat larvae 1.25 0 11.23
Orthocladiinae midge larvae 1.26 0.16 10.66
Ferrissia limpets 0 0.95 8.91
Oligochaeta worms 1.43 1.46 8.75
Physa snails 0 1.05 8.48
Collembola springtails 0.73 0.1 6.18
Scirtidae beetle larvae 0.58 0 5.02

Waipapa Stream & 348 The Parade
(R=0.92, p=0.001)

Waipapa Stream 348 The Parade




Potamopyrgus snails 0 2.66 28.11
Oligochaeta worms 0.53 1.46 12.99
Collembola springtails 1.13 0.1 12.71
Acarina mites 0 0.95 11.79
Physa snails 0.14 1.05 9.91
302 The Parade & 348 The Parade 302 The Parade 348 The Parade
(R=0.27, p=0.002)
Potamopyrgus snails 1.16 2.66 21.21
Oligochaeta worms 0.52 1.46 18.6
Ferrissia limpets 0.29 0.95 14.31
Physa snails 0.8 1.05 12.88
Acarina mites 0.1 0.3 5.86
The Parade—Dover St & Miramar-Shops The Parade—Dover St Miramar-Shaps
(R=0.68, p=0.001)
Psychodidae gnat larvae 1.25 0 16.99
Orthocladiinae midge larvae 1.26 0.27 13.32
Polypedilum midge larvae 0.43 1.07 11.85
Collembola springtails 0.73 0 9.16
Oligochaeta worms 1.43 1.42 8.56
Acarina mites 0.33 0.79 8.54
Scirtidae beetle larvae 0.58 0 7.51
Potamopyrgus snails 0.17 0.53 6.68
Waipapa Stream & Miramar-Shops Waipapa Stream Miramar-Shops
(R=0.74, p=0.001)
Collembola springtails 1.13 0 19.22
Oligochaeta worms 0.53 1.42 17.34
Polypedilum midge larvae 0.14 1.07 15.58
Acarina mites 0.14 0.79 11.03
Potamaopyrgus snails 0 0.53 1.32
Platyhelminthes flatworms 0 0.29 5.61
Orthocladiinae midge larvae 0.19 0.27 5.17
302 The Parade & Miramar-Shops
302 The Parade Miramar-Shops
(R=0.51, p=0.001)
Oligochaeta worms 0.52 1.42 19.04
Polypedilum midge larvae 0.09 1.07 16.64
Potamopyrgus snails 1.16 0.53 14.7
Acarina mites 0.1 0.79 11.86
Physa snails 0.8 0 11.45
Platyhelminthes flatworms 0 0.29 5.89
348 The Parade & Miramar-Shops
(R=0.70, p=0.001) 348 The Parade Miramar-Shops
Potamaopyrgus snails 2.66 0.53 24.3
Polypedilum midge larvae 0 1.07 1157
Oligochaeta worms 1.46 1.42 11.54
Ferrissia limpets 0.95 0 11.47
Physa snails 1.05 0 10.62
Acarina mites 0.3 0.79 1.7




The Parade—Dover St & Miramar Park
(R=0.98, p=0.001)

The Parade—Dover St

Miramar Park

Potamopyrgus snails 0.17 1.4 15.74
Psychodidae gnat larvae 1.25 0 15.63
Orthocladiinae midge larvae 1.26 0 15.28
Physa snails 0 0.73 9.03
Collembola springtails 0.73 0.08 8.45
Scirtidae beetle larvae 0.58 0 6.9
Oligochaeta worms 1.43 1.57 6.65
Waipapa Stream & Miramar Park Waipapa Stream Miramar Park
(R=0.94, p=0.001)
Potamaopyrgus snails 0 1.4 23.19
Oligochaeta worms 0.53 1.57 19.67
Collembola springtails 1.13 0.08 18.73
Physa snails 0.14 0.73 11.64
302 The Parade & Miramar Park 302 The Parade Miramar Park
(R=0.20, p=0.004)
Oligochaeta worms 0.52 1.57 31.38
Physa snails 0.8 0.73 18.9
Potamaopyrgus snails 1.16 1.4 18.26
Ferrissia limpets 0.29 0.28 10.27
348 The Parade & Miramar Park 348 The Parade Miramar Park
(R=0.35, p=0.001)
Potamaopyrgus snails 2.66 1.4 25.42
Oligochaeta worms 1.46 157 16.77
Ferrissia limpets 0.95 0.28 14.99
Physa snails 1.05 0.73 12.01
Sphaeridae pea clams 0.35 0.08 5.44
Acarina mites 0.3 0 5.37
Miramar-Shops & Miramar Park Miramar-Shaps Miramar Park
(R=0.60, p=0.001)
Potamaopyrgus snails 0.53 1.4 179
Polypedilum midge larvae 1.07 0.08 17.18
Physa snails 0 0.73 12.79
Acarina mites 0.79 0 12.66
Oligochaeta worms 1.42 157 9.7
Platyhelminthes flatworms 0.29 0 573
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9.2 Appendix 2 - BEST (Biota and Environment Matching) Results

Appendix Table 2 BEST results from piped stream sites showing those measured habitat parameters that best matched
the observed macroinvertebrate community composition. Habitat variables included in the analysis were
water depth, wetted width, water velocity, biofilm cover, and substrate index.

Variables Correlation

Wetted width, Water velocity 0.356
Water velocity 0.320
Wetted width, Water velocity, Biofilm cover 0.312
Wetted width, Water velocity, Substrate index 0.287
Water velocity, Biofilm cover 0.282
Wetted width, Water velocity, Biofilm cover, Substrate index 0.281
Water velocity, Substrate index 0.2
Water velocity, Biofilm cover, Substrate index 0.256
Water depth, Wetted width, Water velocity 0.248
Water depth, Water velocity 0.233
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93 Appendix 3 — SIMPER Results Comparing Catchments

Appendix Table 3~ SIMPER results showing those taxa that contribute >5% of the differences between catchments (Pae
Kawakawa, Waipapa, and Miramar). Abundances shown are forth root transformed values. Also shown
in parentheses are ANOSIM R-values and significance level for each pairwise comparison.

Pae Kawakawa & Waipapa .
Pae Kawakawa Waipapa Stream

(R=0.35, p=0.001)
Potamopyrgus snails 1.33 0 18.54
Collembola springtails 0.31 1.13 16.19
Oligochaeta worms 1.15 0.53 13.72
Physa snails 0.61 0.14 8.87
Psychodidae gnat larvae 0.43 0.31 1.67
Orthocladiinae midge larvae 0.49 0.19 1.21
Ferrissia limpets 0.42 0 6.13

Pae Kawakawa & Miramar .
Pae Kawakawa Miramar

(R=0.05, p=0.096)
Potamopyrgus snails 1.33 0.99 17.29
Oligochaeta worms 1.15 15 14.74
Physa snails 0.61 0.38 9.96
Polypedilum midge larvae 0.18 0.56 8.68
Orthocladiinae midge 0.49 0.13 717
Ferrissia limpets 0.42 0.14 6.98
Acarina mites 0.25 0.38 6.62
Psychodidae gnat larvae 0.43 0 5.96

Waipapa & Miramar
Waipapa Miramar

(R=0.73, p=0.001)
Collembola springtails 1.13 0.04 18.96
Oligochaeta worms 0.53 15 18.55
Potamopyrgus snails 0 0.99 15.54
Polypedilum midge larvae 0.14 0.56 9.2
Physa snails 0.14 0.38 7.1
Acarina mites 0.14 0.38 6.2
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94 Appendix 4 — SIMPER Results Comparing Open and Piped Stream Sites

Appendix Table 4 SIMPER results showing those taxa that contribute >5% of the differences between open and piped
stream sites in the Pae Kawakawa and Miramar catchments. Abundances shown are relative
abundances. Also shown in parentheses are ANOSIM R-values and significance level.

Taxon Average Abundance Average Abundance % Contribution
Open & Piped
g . Open Piped
(R=0.56, p=0.048)
Oligochaeta worms 4.59 33.92 20.04
Potamopyrgus snails 21.27 33.3 18.38
Polypedilum midge larvae 14.98 122 10.05
Hydropsyche (Orthapsyche) caddisfly larvae 12.42 0.01 8.48
Orthocladiinae midge larvae 13.52 3.38 8.39
Physa snails 0.02 7.65 5.23

EOS ECOLOGY | SCIENCE + ENGAGEMENT



www.eosecology.co.nz
info@eosecology.co.nz

PO Box 4262, Christchurch 8140
P 03 389 0538

PO Box 8054, Palmerston North 4446
P 06 358 9566

SCIENCE + ENGAGEMENT






