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Executive summary
The Lyell Creek/Waikōau catchment is composed of a series of small, spring fed lowland streams on
the Kaikōura flats, which drain a former large natural wetland complex. The water quality within Lyell
Creek/Waikōau and the surrounding catchment is considered to be poor quality, due to the historic
extensive land drainage and subsequent intensive farming.
The Kaikōura Plains Recovery Project (KPRP), a farmer-led project with a Governance Group made up
of local farmers, community representatives and a Rūnanga representative, has requested a “whole
catchment recovery plan”. The desired long-term outcomes of the plan are:
▪

Water quality in Lyell Creek/Waikōau can be reclassified as acceptable under
Environment Canterbury’s Land and Water Regional Plan.

▪

In-stream ecosystem health is improved to allow for safe mahinga kai and recreational
use of the Lyell Creek/Waikōau catchment.

Analysis and reporting for the Catchment Recovery Plan is divided into two steps. The first step
involved identification of the key issues facing the catchment, based on assessment and analysis of
data collected recently by Environment Canterbury staff walking the length of the stream network, as
well as information from Environment Canterbury’s water quality monitoring, a site visit by the
authors and discussions with local stakeholders and members of the KPRP Governance Group. That
work was presented in Storey & Tanner (2018). This report presents the second step, which involves
identification of appropriate options for improving water quality and physical habitat quality,
including an analysis of costs, benefits and feasibility, and a prioritisation based on greatest impact
on improving water quality and in-stream ecosystem health. This report should be read in
conjunction with Storey & Tanner (2018).
A catchment recovery plan for Lyell Creek should be regarded as a community-wide collaborative
effort, centred around Love the Lyell Community Group, as described by the Kaikōura Water Zone
Committee (2016). Catchment recovery should begin by building consensus around the need for the
recovery plan, the overall strategy and the steps for implementing it. Throughout the
implementation of the plan, we recommend continued effort to develop community awareness and
support and to maintain consensus around the plan.
We recommend the following practical steps to improve water and habitat quality, restore aquatic
fauna and reconnect people with the creek. Many of these steps can (and should) be done in parallel,
but could be prioritised broadly as follows:
1. Conduct baseline monitoring to identify potential additional issues and determine specific
locations of known issues:
a. E. coli and suspended sediment (water clarity) at multiple sites across the stream
network to focus remedial action at locations of main contaminant inputs.
b. Nutrient concentrations in upwelling groundwater at new springs.
c. Dissolved oxygen, temperature and pH in dense macrophyte beds to determine if
these represent water quality issues.
d. Fish abundance and diversity at multiple locations, particularly upper reaches, and an
assessment of potential instream migration barriers (especially culverts).
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2. Deal with critical source areas
a. Stock access points.
b. Points with most significant bank slumping.
c. Leaks from sewage system.
d. Overland flow paths that are bringing greatest loads of sediment, e.g., because
connected to boggy new springs, or beside raceways.
3. Gradually plant riparian areas, beginning with places most visible to community, with
greatest habitat value for native fish, and where greatest willingness by landowners and
volunteers. Start in lower reaches and gradually work to headwaters. Leave short sections
unplanted, allowing dense macrophytes to act as sediment traps. Consider also enhancing
appropriate spawning habitats for native fish such as whitebait species.
4. Construct walkways and access points.
5. Removal or remediation of migration barriers for native fish (if barriers are present).
6. Enhance instream habitats for native fish and aquatic macroinvertebrates.
7. Mechanically remove legacy sediments.
8. Gradually replace willows with native trees (prioritising trees that are impeding stream flow
by roots or fallen branches).
We also recommend ongoing monitoring by the community (supported by Environment Canterbury),
to monitor implementation, demonstrate stream recovery, inform adaptive management and
develop understanding of the stream ecosystem. Monitoring should include:
1. Stream walks, recording fencing, planting and critical source areas.
2. Water quality sampling (E. coli, clarity, dissolved nutrients, dissolved oxygen, water
temperature) at multiple locations.
3. Assessments of aquatic fauna (fish, aquatic macroinvertebrates and instream plants) at
multiple locations.
This report provides economic costings of most of the remedial actions recommended, so that the
community can prioritise and schedule actions as budgets allow, and apply for funding where
appropriate.
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Background

The Lyell Creek/Waikōau catchment is composed of a series of small, spring fed lowland streams on
the Kaikōura flats, which drain a former large natural wetland complex. The water quality within Lyell
Creek/Waikōau and the surrounding catchment is considered to be poor quality, due to the historic
extensive land drainage and subsequent intensive farming. Environment Canterbury has identified
the water quality in Lyell Creek/Waikōau and the surrounding plains area as “unacceptable” in the
Land and Water Regional Plan.
The Kaikōura Plains Recovery Project (KPRP) was set up by the Kaikōura farming community on
receiving three years’ funding from MPI’s earthquake recovery fund. The project is using the funds to
obtain technical advice and expertise to give clarity, support and provide direction to enable farmers
and landowners to make informed decisions around the land management issues they are facing.
The project has five concurrent work streams, one of which, addressed in this report, is “whole
catchment recovery”. In the current work stream, KPRP is seeking a long-term restoration plan for
the whole Lyell Creek/Waikōau catchment, including a set of recommendations to inform a strategic,
coordinated approach to ongoing catchment recovery and improvements to water quality and instream ecosystem health.
Analysis and reporting for the Catchment Recovery Plan is divided into two steps. The first step
involved identification of the key issues facing the catchment, based on assessment and analysis of
data collected recently from walking the length of the stream network, as well as information from
Environment Canterbury’s water quality monitoring, a site visit and discussions with local
stakeholders and members of the KPRP Governance Group. That step was presented in our first
report (Storey & Tanner 2018). This report presents the second step, which involves identification of
appropriate options for improving water quality and physical habitat quality, including an analysis of
costs, benefits and feasibility, and a prioritisation based on greatest impact on improving water
quality and in-stream ecosystem health. This report should be read in conjunction with Storey &
Tanner (2018).
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Scope

The catchment recovery plan presented in this report fulfils one of five concurrent work streams
being developed by the Kaikōura Plains Recovery Project (KPRP). The five include:
1.

Measuring ground-level change via LiDAR.

2.

Assessing new drainage issues.

3.

Assessing earthquake-related changes to groundwater and surface water quality and quantity.

4.

Whole catchment recovery.

5.

Renewing of farming infrastructure to improve farming in wet conditions.

Some aspects of farming and repair of earthquake damage relevant to whole catchment recovery are
not included in this report because it is assumed they will be covered in other work streams. For
example, management of effluent irrigation to minimise nutrient loading to Lyell Creek/Waikōau is
assumed to be covered under workstream 5.

Lyell Creek/Waikoau catchment recovery plan
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3

Site description

The Lyell Creek/Waikōau catchment is located on the Kaikōura flats on the east coast of the South
Island. Is it bounded to the west by the Seaward Kaikōura Range, to the east by the Pacific Ocean, to
the south by the fourth-order Kowhai River and to the north by the fourth-order Middle Creek
(Figure 1). The Kowhai River and Middle Creek both drain the Kaikōura Ranges.
The Kaikōura flats drained by Lyell Creek/Waikōau were formed by outwash gravels brought by the
rivers draining the Kaikōura Ranges (Brown 1988). The geology beneath the plains is composed of
coarse gravels and cobbles, overlain by layers of clay and mud. Prior to human settlement, the plains
were covered by a large wetland complex created by springs emerging beneath the plains. Shallow
soils and sediments in the area are largely composed of wetland deposits, high in organic matter.
Several streams draining the mountains lose water at the western edge of the flats. This downwelling
water (as well as water downwelling from the Kowhai River) travels through the subsurface gravels
and becomes confined beneath the clay layers of the plains. Pressure builds along this flow path, and
the groundwater becomes artesian beneath parts of the plains. Where confining layers under the
plains are breached, the groundwater emerges at the surface in springs. Some of these springs form
the channels of Lyell Creek/Waikōau. Other springs have been intercepted and their flow diverted to
the main channels of Lyell Creek/Waikōau via subsurface drains dug by early settlers.
For management purposes, four sections of the Lyell Creek/Waikōau network were defined by the
Kaikōura Water Zone Committee (2016). As shown in Figure 1, these are:
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1.

Mouth: from the ocean to the i-Site visitor centre in Kaikōura town centre.

2.

West End: from the visitor centre to where State Highway 1 (SH1) crosses Lyell
Creek/Waikōau.

3.

Esplanade: from SH1 behind Beach Road (parallel to the sea) to Mill Road.

4.

Spring Heads: all stream reaches and tributaries upstream of the Esplanade, including
Warren Creek and the two branches of Lyell Creek/Waikōau.

Lyell Creek/Waikoau catchment recovery plan

Name of
stream section
Mouth
West End
Esplanade
Spring Heads

Sourced from the LINZ Data Service and licensed for re-use under the Creative

Figure 1:
Boundaries of the Lyell Creek/Waikōau catchment, and stream reaches surveyed in the 2018
stream walks classified into the sections defined by the Kaikōura Water Zone Committee (2016).
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Outline of main values

Situated at the coast, and flowing through both a rural agricultural landscape and an urban
community in a location with a long history of Maori settlement and a modern tourist industry, Lyell
Creek/Waikōau is valued for many different reasons.
Ngāti Kurī, a hapū of Ngāi Tahu, hold manawhenua in Kaikōura (Norton 2014). Historically, Ngāti Kurī
have valued Lyell Creek/Waikōau for its provision of freshwater foods including tuna (eels), kōura
(freshwater crayfish), kanakana (lamprey), pātiki (black flounder) and watercress. In addition,
harakeke and raupō were gathered from large stands on riparian margins for making baskets, piupiu
(skirts), poi and other items. The Esplanade reaches provided popular swimming holes, while the
creek mouth (which historically had formed a lagoon known as Te Wai o Matamata) was believed to
be home to a taniwha, and important legends are associated with this taniwha. The water quality of
Lyell Creek/Waikōau was also important for the gathering of kai moana, particularly lobster and
paua, along the coast near the creek mouth. Since water quality deteriorated due to various
discharges from Kaikōura town centre, food gathering near the creek mouth has not been practised
(Norton 2014).
Many others in the local community also value Lyell Creek/Waikōau for food gathering and
recreation. Brown trout, a popular recreational fishing species, is common in the creek, and an active
whitebait fishery continues near the creek mouth. Swimming holes at the creek mouth, West End
and Esplanade have been popular in the past as water quality has allowed, and the community is
keen to see the creek water quality restored to allow swimming again. As the creek flows alongside
the residential area on Beach Road and directly through the town centre, it also provides amenity
value and a “sense of place” for residents and tourists. Residents have been concerned enough about
water quality to complain to Environment Canterbury when they felt water quality was unacceptable
(Kaikōura Water Zone Committee 2016).
In the rural upper reaches, Lyell Creek/Waikōau is valued as a source of irrigation water, stock
drinking water, and in at least one place, for household drinking water.
Lyell Creek/Waikōau also presents some threat to the local community. The Kowhai River, which
normally discharges to the sea south of the Kaikōura Peninsula, has occasionally shifted its course
during high flows and joined the headwaters of Warren Creek, flowing through Kaikōura town centre
before discharging through the mouth of Lyell Creek/Waikōau. Floods of this nature have occurred
15 times in the last 140 years, including a major flood in 1993 which prompted the building of flood
protection works through the town centre reach of Lyell Creek/Waikōau. The upper reaches of Lyell
Creek/Waikōau are largely spring fed, and therefore less dynamic than other streams with
comparable catchment areas. However, the high groundwater table means that flooding on the
Kaikōura Plains is not unusual.
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Summary of main impacts

The main impacts on Lyell Creek/Waikōau water quality and ecosystem health (shown or predicted) resulting from human activities in the catchment are
summarised in Table 1. These impacts and the pressures or management issues that are likely to have caused them, are discussed in Storey & Tanner
(2018).
Table 1:

Summary of main impacts (from Storey & Tanner 2018).

Impact

Likely sources or causes

Pathways

Other exacerbating factors

Stream
section where
issues
originate

Values affected

Stream
sections
where values
affected

fine sediment

stock access to streams, bank
slumping, drain clearing, stock
movement on farm paddocks
and raceways

overland flow paths
from paddocks and
raceways

lack of riparian vegetation
with deep roots

esplanade,
spring heads

aesthetics;
ecosystem
health;
fisheries;
swimming

all

elevated E. coli

stock access to streams, faecal
material on farm paddocks and
raceways, leaks from septic
tanks, sewers and stormwater

overland flow paths
from paddocks and
raceways, stormwater
pipes

water or effluent irrigation:
over-supply or during wet
conditions

all

swimming; kai
moana

mouth, West
End,
esplanade

elevated dissolved
N and P

stock access to streams, urine
and fertiliser on farm paddocks
and raceways, leaks from septic
tanks, sewers and stormwater,
possibly groundwater

overland flow paths
from paddocks and
raceways, stormwater
pipes, groundwater
springs

water or effluent irrigation:
over-supply or during wet
conditions; lack of
interception by riparian
vegetation; low instream
denitrification rates

esplanade,
spring heads

ecosystem
health; fisheries

esplanade,
spring heads

excessive growth
of macrophytes
and periphyton

lack of riparian shading; high
nutrients in water and/or
sediment

esplanade,
spring heads

aesthetics;
ecosystem
health;
fisheries;
swimming

esplanade,
spring heads

Lyell Creek/Waikoau catchment recovery plan
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Impact

Likely sources or causes

Pathways

Other exacerbating factors

Stream
section where
issues
originate

Values affected

Stream
sections
where values
affected

habitat
degradation for
fish and
invertebrates

excessive growth of
macrophytes and periphyton;
lack of riparian tree cover

all

ecosystem
health; fisheries

all

low dissolved
oxygen?

excessive growth of
macrophytes and periphyton

esplanade,
spring heads

ecosystem
health; fisheries

esplanade,
spring heads

ammonia toxicity?

nutrient input plus high pH
from excessive growth of
macrophytes and periphyton

esplanade,
spring heads

ecosystem
health; fisheries

all

toxic
contaminants?

roads/vehicles

West End,
esplanade

ecosystem
health;
fisheries;
mahinga kai; kai
moana

mouth, West
End,
esplanade

14
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Previous stream remediation programmes and current plans

In early 2000, concerns about water quality in Lyell Creek/Waikōau prompted the formation of the
Lyell Creek Streamcare Group (later the Living Streams programme), a community initiative that
included farmers, runanga members from the Takahanga Marae, Forest and Bird, Fish and Game,
Department of Conservation, Kaikōura District Council, Environment Canterbury and community
members (Gerard, 2007). A Water Users Group was also formed to work with the Streamcare Group
in a participatory approach to stream remediation. The Streamcare Group undertook water clarity
and E. coli monitoring at each property boundary to locate the main sources of water quality
problems, and conducted a stream walk in 2002. The group then initiated a whole-catchment
riparian fencing programme which continued for about 10 years and ultimately resulted in about
90% of stream banks being fenced (Kaikōura Zone Committee, 2016). A report by the Streamcare
Group in 2009 reported that stock access to streams had been greatly reduced, significant
improvements in water clarity had been measured, reductions in E. coli were not as evident as hoped
for, and foul smells generated during river mouth opening were reduced. In addition, various
partnerships were formed with sectors of the local community including businesses, schools and a
study-abroad programme called Creation Care Studies Programme, while funding to support riparian
planting was mobilised through Environment Canterbury’s Environmental Enhancement Fund. The
Streamcare Group intended to continue monitoring Lyell Creek/Waikōau, identify and put pressure
on landowners who had not fenced their streams, promote further riparian planting and stream
clean-ups, and celebrate successes through local media (Hewson 2009). However, the departure of a
key leader meant that much of the group’s momentum was lost.
In 2012 the Kaikōura Water Zone Committee made cleaning up the Waikōau/Lyell Creek a priority.
The Zone Committee recognised the progress made by the Living Streams programme, and built on
its collaborative approach in forming the Love the Lyell Community Group in 2013, and in its strategy
document called Restoring Lyell Creek/Waikōau (Kaikōura Zone Committee 2016). This document
states:
“a big part of the work of improving water quality is getting people involved and interested in improving
the condition of the creek. Cleaning up the Lyell Creek/Waikōau needs the support of the local council,
Environment Canterbury, local schools and the wider local community, including people living along the
banks of the creek and all the farmers in the area. Activities to help all these people learn about the creek
and what affects its health are important for building local support. Leaders in the area also need to learn
what the creek means to people, and how they can help landowners along the banks of the river with what
they are doing.”

The strategy document outlined a 20-year vision with goals for each of the four sections of Lyell
Creek/Waikōau. For the Mouth, the main goal was to remove the “No swimming” sign and restore a
popular swimming hole. For the West End, the main goal was to involve the whole community,
especially local businesses, in keeping this reach free of rubbish and planting appropriate plants
among the flood-control boulders. For the Esplanade, the main goals were to plant the riparian zone
and construct track/cycle way connecting Mill Road with the town centre, as contiguous parcels of
land could be obtained as District Council reserve. For the Spring Heads section, the main goals were
to work with land owners to encourage native plantings on riparian buffers and develop and
implement farm environmental plans to improve water quality. Implementation includes education
and regulation.

Lyell Creek/Waikoau catchment recovery plan
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Overall approach

In this report we aim to build on progress made through previous initiatives and recommend specific
actions that fit within the strategy outlined by the Kaikōura Water Zone Committee (2016).
We recognise the importance of a community-wide collaborative approach to improving the health
of Lyell Creek/Waikōau, centred around the Love the Lyell Community Group. This approach requires
considerable groundwork and ongoing effort to develop positive perceptions of the creek, reestablish previous partnerships and commitments among various organisations and businesses, and
encourage commitment from sectors that previously have been less involved.
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Solutions to specific issues

8.1

Before starting: information needed to target solutions

This report includes a number of recommendations to improve water and habitat quality and
encourage return of desired flow and fauna. Most of the recommendations could be applied at many
points or over long reaches of Lyell Creek/Waikōau. In order to prioritise the various management
actions and to focus those actions in locations where they will produce the greatest improvement,
information is required to answer several key questions.

8.1.1 Water quality
1. What are the dissolved nitrogen (ammonium, nitrate and nitrite) concentrations in the
groundwater emerging at springs compared with concentrations in surface streams?
2. Is the dissolved nitrogen in emergent springs natural (originating from buried organic matter)
or does it originate from agriculture in the upper catchment?
Water samples from boreholes across the Kaikōura Plains have shown that at some times and places,
dissolved nitrogen (nitrate and/or ammonium) concentrations can be somewhat elevated. However,
it is not clear whether it is the same water that is emerging in springs across the Lyell Creek/Waikōau
catchment. The answer to the first question will determine what improvement in dissolved nitrogen
concentrations can be expected from intercepting new springs before they emerge in paddocks
(Section 8.2.7). This question may be answered by measuring dissolved N concentrations in water
samples from various springs at points of active upwelling, and/or from nearby groundwater wells.
The answer to the second question will show whether reducing nitrogen concentrations in Lyell
Creek/Waikōau requires management of nitrogen inputs in farms of the upper catchment (closer to
the foot of Mount Fyffe where surface water infiltrates to the subsurface). Answering this question
may require knowledge of groundwater flow paths, or could be answered by stable isotope analysis
of dissolved nitrogen.
3. Where are the current critical source areas for E. coli and sediment?
Water quality monitoring by the Lyell Creek Streamcare Group was effective in pinpointing where
sediment and E. coli were entering Lyell Creek/Waikōau. This knowledge allowed the group to focus
remedial actions at the locations where problems were occurring. We recommend another campaign
of water quality monitoring (specifically E. coli and suspended sediment) at multiple locations (e.g.,
at all locations where streams intersect roads) to understand where most E. coli and suspended
sediment are entering the system. In order to compare samples accurately, all points should be
monitored at the same time (or as close as possible). This may require a combined effort by
members of the community. Since most sediment and E. coli probably enters the stream during high
flows, monitoring should be done at more than one state of flow, including at least one high flow
event.
4. Is stormwater bringing toxic contaminants, E. coli and/or sediment?
The Lyell Creek/Waikōau Restoration Plan (Kaikōura Water Zone Committee 2016) notes a concern
about contaminants potentially brought by stormwater inflows. Potential contaminants in
stormwater that may affect values in Lyell Creek/Waikōau include toxic chemicals (specifically
polyaromatic hydrocarbons derived from oil, and heavy metals such as cooper and zinc from roofs
and vehicles), E. coli and sediment. Monitoring water and instream sediment upstream and
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downstream of known stormwater inflows will reveal whether stormwater pipes are introducing any
of these contaminants in significant concentrations.
5. Do instream plants cause large diurnal fluctuations in oxygen and pH?
One of the main potential impacts of dense instream plant growth on stream ecosystems is its effect
on dissolved oxygen and pH (e.g., Wilcock et al. 1995), which may be harmful to aquatic biota. Critical
levels of dissolved oxygen and pH usually occur during the night when plants respire, therefore they
are best measured using continuous loggers at key locations. Loggers are affordable and are likely
available from Environment Canterbury. If critical levels of oxygen and pH are being reached, this
provides another reason to manage dense growths of aquatic plants.
6. Do water temperatures cause stress to aquatic fauna in Lyell Creek/Waikōau?
Water temperature data for Lyell Creek/Waikōau were unavailable at the time of writing. Although
the spring water feeding Lyell Creek/Waikōau is presumably cool, water temperatures may increase
to stressful levels in the creek as channels are shallow and unshaded and flow velocities are low. If
water temperatures are reaching stressful levels (e.g., above 22° C) in summer, this provides more
reason to increase shading through riparian planting. Peak water temperatures are best measured by
deploying temperature loggers (which cost less than $100 each) at several locations over the three
months of summer. Peak water temperature can also be estimated by measuring manually between
1 pm and 3pm on sunny days in summer.

8.1.2 Deposited sediment
7. Does deposited sediment represent mainly current inputs (active erosion) or accumulations
from past inputs?
The answer to this question may affect how much effort is directed to reducing current inputs vs.
removing accumulated sediment deposits from the stream bed. However, this may be a difficult
question to answer, and in any case it is probably wise to manage both current inputs and “legacy”
sediment deposits.

8.1.3 Fish
1. Do instream structures (e.g. culverts) on the Lyell Creek/Waikōau network present barriers
to fish migration?
2. Are there galaxiid fishes in the upper reaches of Lyell Creek/Waikōau and Warren Creek?
These questions can be answered by assessing each structure using the new fish passage assessment
protocol (due for release in September 2018). A guide to features that create fish migration barriers
can be found in the New Zealand Fish Passage Guidelines (Franklin et al. 2018). In addition, surveying
fish diversity and abundance in the upper reaches of the streams will also give an indication of
whether instream migration barriers could be present in the catchment. Since records for Lyell
Creek/Waikōau in the NZ Freshwater Fish Database seem incomplete (e.g., only one record of an
inanga (Galaxias maculatus) in the entire Lyell Creek/Waikōau network) we recommend a thorough
survey of fish at several locations throughout the network using both fyke nets and electric fishing as
these methods will provide a good assessment of native fish diversity at each site. Such a survey
would provide insights into the presence and location of fish migration barriers and also a current
assessment of the fish fauna of Lyell Creek/Waikōau and baseline data from which to measure future
improvements.
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8.2

Reducing contaminants from critical source areas

8.2.1 Stock access points
Where it occurs, stock access is the most likely source of fine sediment, E. coli and elevated nutrients.
Most of the Lyell Creek/Waikōau network has been fenced, thanks to a co-ordinated campaign led by
the Lyell Creek Streamcare Group between 2002-2012 that resulted in the proportion of stream
length fenced increasing from 35% to 90% over this period (Kaikōura Zone Committee 2016).
However, the January 2018 stream walk dataset records a number of fences that are damaged or
inadequate such that they no longer restrict stock access to streams. In addition, some cases of bank
slumping have allowed new stock access (e.g., Figure 2). According to this dataset, stock still have
access to about 10% of stream bank length, and 15 records of bank damage were attributed to stock.
Among all the options to reduce inputs of sediment and E. coli, fencing these areas would likely
produce the greatest reduction and is relatively inexpensive. Therefore, repairing damaged fences
and adding fences to the remaining unfenced banks (where adjacent land use suggests stock may
have access now or in the future) is recommended as the first priority in the catchment recovery
plan.
Among the stock access points, three stock crossings were recorded. Managing these to keep stock
away from direct contact with the stream is also considered high priority. If stock crossing at these
points is not required, we recommend removing stock access by fencing. If it is required, we
recommend installing culverts or bridges at these crossing points, according to industry best practice
(see www.dairynz.co.nz/environment/waterways/crossings/).
Figure 3 shows locations where we recommend fences to be built, repaired or moved, and stock
crossings built, in order to prevent stock access to streams.

Lyell Creek/Waikoau catchment recovery plan

19

Figure 2:
In some cases bank slumping beneath fences has created new stock access points and
preferential flow paths for surface runoff.
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New fence
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Move fence
Stock crossing point
New/repair/move fence
Sourced from the LINZ Data Service and licensed for re-use under the Creative

Figure 3:
streams.

Locations on Lyell Creek/Waikōau where fencing is recommended to prevent stock access to

8.2.2 Overland flow paths – widen fenced area
Overland flow paths are low points adjacent to streams where runoff from paddocks to streams may
be concentrated (e.g., Figure 4). In the 2018 stream walks, 104 overland flow paths were identified
(Storey & Tanner 2018). Because of the concentration of flow and the higher flux of contaminants
through these areas, they require greater filtering capacity than other parts of the riparian zone that
receive less (more diffuse) runoff (Figure 5). We recommend widening the riparian buffer strip
around overland flow paths to increase the flow path length through the buffer, and hence the
capacity to remove contaminants, in these areas of concentrated flow (Figure 5). Because the main
function of these widened areas is filtering of runoff, the vegetation in the widened area should be
grass or sedges even where the main riparian buffer is taller plants. This is because grasses and
sedges have high stem density at ground level, which confers greater filtering ability.
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Figure 4:

Example of an overland flow path likely to carry contaminants to the adjacent stream.

stream
grass or tree buffer
extra grass buffer
fence
land contour
overland flow path
new fence post

Figure 5:
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Widening of grass buffer around overland flow path to increase filtering capacity locally.
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We recommend that riparian buffers are widened to 5-10 m around each of the overland flow paths
identified in the stream walks (Figure 6), with wider buffers recommended where the catchment of
the overland flow path (and hence the amount of flow through it) are greater. Widening the riparian
buffer involves installing a new fence post at the vertex of the widened area and adding extra fencing
wire to enclose this area.
In the headwaters of Lyell Creek/Waikōau Left Branch (red circled area, Figure 6), the overland flow
paths are close together (average 15 m between them). In this area it may be easier to widen the
riparian buffer uniformly to a width of at least 5 m rather than widening around each individual
overland flow path.
The “humping and hollowing” in two paddocks near the headwaters of Warren Creek will cause
greater runoff at the base of the hollows than occurs in other overland flow paths. In these
paddocks, where the hollows meet streams or drains, the grass or sedge buffer should be extended
to 10-20 m from the streambank (Chagué-Goff et al. 2009).

Sourced from the LINZ Data Service and licensed for re-use under the Creative

Figure 6:
Locations of overland flow paths where widening of the riparian buffer is recommended. Red
circled area indicates where it may be easier to widen the buffer uniformly, as overland flow paths are closely
spaced.

8.2.3 Bank slumping where no stock access
Bank slumping, another common issue in the Lyell Creek/Waikōau network, may be a major source
of fine sediment. In the 2018 stream walk database, 39 recorded cases of bank slumping are not
associated with stock trampling, and therefore are believed to be due to unstable soils and/or steep
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bank angles. Some of the bank collapses were assessed as having occurred during the November
2016 earthquake.
It should be noted that bank erosion is a natural process, and some amount is expected in any
stream. Higher rates of bank erosion are expected in streams that have been straightened, as the
streams attempt to dissipate the energy of flowing water by re-establishing meanders. We assume
that, due to change of land use from wetland to pasture and particularly because of the November
2016 earthquake, the amount of bank erosion recorded in the stream walks is greater than would be
expected naturally. Therefore, we recommend some work to reduce the amount of bank erosion and
the resulting input of fine sediment.
To reduce input of fine sediment from bank slumping, banks must be stabilised. The two main
options are bank rebattering (grading back the banks until a bank slope of less than 30° is achieved)
and planting the riparian zone with deep-rooted trees. These options are not exclusive, and can be
done in combination (in fact, bank rebattering requires that the exposed soils are planted so they do
not erode further).
In most places we recommend stabilising banks by riparian tree planting because of the additional
benefits that riparian trees provide (see Section 8.4.1). Most banks in the Lyell Creek/Waikōau
network should be low enough to be stabilised by riparian tree planting alone (though data on bank
height is not available in the stream walk dataset). Marden et al. (2005) suggest that native trees,
planted at high density, can usually stabilise banks less than 2 m high, except where bank angles are
very steep.
However, root networks that can stabilise banks up to 2 m high take time to establish. In one study
(Marden et al. 2005), 12 native tree species commonly used in riparian plantings, showed an average
rooting depth of 0.3 m after five years. Data on rooting depths of older trees are hard to find, though
the tap root of cabbage trees Cordyline australis has been measured at 1.75-2.0 m after 25 years
(Czernin & Phillips 2005). In contrast, faster-growing poplars and willows extended roots to between
0.5 and 1 m deep after one year (Phillips et al. 2014). Locations where the banks are particularly
steep (>60°) and where active bank slumping has been observed (particularly where there is severe
earthquake damage and/or the ground is dangerous for stock) may require immediate remediation.
In these places we recommend rebattering to reduce the bank angle to less than 30°. The locations
where these conditions occur are shown in Figure 7.
Bank rebattering involves removal of upper bank material with a digger, then planting of the graded
slopes. We recommend planting the lower slopes mainly with sedges, as these have high filtering
ability, and lie flat during high flow events (see DairyNZ riparian management guide for “top of the
south” accompanying this report; https://www.dairynz.co.nz/environment/waterways/plantingwaterways/#guides). The upper slopes can be planted with a mixture of sedges (for their filtering
ability) and tree species that have deep roots able to stabilise the banks against further erosion and
intercept dissolved nutrients (particularly nitrate) approaching the stream via subsurface flow paths.
Note that bank rebattering to create a uniform bank gradient and a trapezoidal cross section (Figure
8 top) does not create good habitat conditions for native fish, because overhead cover (provided by
overhanging banks and vegetation) is reduced and the uniformly-shaped channel may have few
refuges from high flow velocities. However, rebattering can be used to create potential spawning
habitat for galaxiids. Galaxiid spawning habitat requires a nearly-flat slope (<10°) that is inundated
several times per year by high flows and covered by vegetation with high stem density such as long
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grasses or sedges. Therefore, rebattering the bank with a flat “bench” partway up (creating a twostage ditch; Figure 8 bottom) and planting the bench with dense -stemmed vegetation may enhance
galaxiid spawning. A two-stage ditch may also produce lower flow velocities, resulting in less risk of
fish being washed out in high flow events.
In many places, bank rebattering will require increasing the fence setback. Where bank height is 1 m
above the stream bed, the top of the bank must be 1.7 m back from the channel edge to achieve a
bank angle of 30°. Where bank height is 1.5 m, the top of the bank must be 2.6 m back from the
channel edge.
The costs associated with rebattering banks are presented in Section 10.2.2.

Key
Locations for
rebattering
Sourced from the LINZ Data Service and licensed for re-use under the Creative

Figure 7:
Locations potentially suitable for rebattering left and/or right banks. Locations are where
active erosion or bank slumping has been noted on steep (>60°) banks.
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Trapezoidal channel

1
2

Two-stage channel

Figure 8:
Traditional rebattering produces a trapezoidal channel (top). A two-stage ditch (bottom) has
benefits for native fish and reducing flood flow velocities.

8.2.4 Inadequate riparian fencing
Apart from places where inadequate fencing is currently allowing stock access to streams (described
in Section 8.2.1), there is about 4.2 km of bank (11% of total bank length) where fences are currently
either lacking or in need of repair and the adjacent land use is farming or lifestyle blocks (Table 2,
Figure 9). We recommend that fences be built or repaired along all of this length as a medium-high
priority.
In addition, of all the bank length fenced in the Lyell Creek/Waikōau network, about 37% has a
setback of less than 2 m from the top of the bank, and an additional 27% has a setback of 2-3 m
(Table 2, Figure 9). A narrow riparian buffer zone has reduced ability to filter contaminants in
overland runoff, and increased risk of allowing stock access if banks collapse beneath the fence (this
has been noted in five stream reaches totalling about 400 m of bank). In line with dairy industry
standards (see DairyNZ riparian planting guide) we recommend a setback of at least 3 m and
preferably closer to 5 m. Where riparian buffers are narrower than this, we recommend widening to
improve filtering of sediment, sediment-bound nutrients and E. coli.
We also recommend replacing single-wire or 2-wire electric fencing (recorded as “temporary fence”
in the 2018 stream walks) with 4-wire electric (light-weight dairy) or 8-wire (standard sheep)
permanent fencing wherever possible, and ensuring good levels of fence maintenance along the
stream margins.
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8.2.5 Fencing summary
Figure 9 shows all the locations where we recommend fences to be built, repaired or moved for the
reasons described above. Locations where stock are currently gaining access to streams because of
inadequate fencing are highlighted with red symbols, while others are shown with orange symbols.
Total lengths of fencing required for these different reasons are shown in Table 2. Costs of fencing
are provided in Section 10.2.1.
Key
H M L
New fence
Repair fence
Move fence
Stock crossing
New/repair/
move fence
OFLP

Sourced from the LINZ Data Service and licensed for re-use under the Creative

Figure 9:
Locations where we recommend fences to be built, repaired or moved (to widen the riparian
buffer) in order to reduce contaminants entering streams. Abbreviations: H = high priority (due to stock
access), M = medium priority, L = lower priority. OFLP = overland flow path.
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Table 2:
Total amounts of fencing recommended for Lyell Creek/Waikōau. Prioritised by purpose and
potential for stock exclusion. Abbreviations: CSA = “critical source area” point records; Ecoline = line records in
2018 stream walk database; <2 m widen = fence currently with setback of <2 m, needs widening; 2-3m widen =
fence currently with setback of 2-3m, needs widening; OFLP = overland flow path.
Fencing
purpose

Stock access
at present?

CSA count

stock crossing

Y

2

new fence

Y

11

15

895

H

repair fence

Y

2

1

73

H

repair & widen

Y

3

241

H

<2m widen

Y

3

170

H

2-3m widen

Y

2

262

H

new fence

N

39

3601

M-H

repair fence

N

1

91

M-H

repair & widen

N

6

470

M-H

<2m widen

N

137

12899

M-H

2-3m widen

N

62

6964

M

OLFP

N

wetlands

NA

Total

8

1

27

Ecoline count

Ecoline total
length (m)

H

96

M-H
689

147

Priority

269

H

26355

8.2.6 Races draining to streams
In a number of places, farm races for stock and vehicle movement are close to streams. The fine
sediment mobilised by hooves and tyres on these races and accumulated animal dung can be carried
to streams during rainfall events. Wherever possible road and track runoff should be diverted away
at frequent intervals into infiltration areas instead of flowing directly to streams.
At low points where an overland flow path crosses a race (Figure 10) we recommend installing a
small culvert with the capacity to carry overland runoff during heavy rain. The culvert should run
under the race and the bed of the culvert should be back-filled with gravel to reduce mud on the
adjacent race. On the riparian side of the culvert runoff should be directed through a grass- or sedgefilled filter area (see section 8.2.2 above) before it enters the stream.
Occurrences of this type were not recorded systematically in the stream walks, but could be
identified by overlaying records of overland flow paths on an aerial photo showing farm races. In this
report we provide only the costs of remediating each occurrence. These costs are outlined in Section
10.2.3.
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Figure 10:
A farm race muddied by stock and vehicle movement. Mobilised fine sediment can be
transported to streams if runoff flows across it and into an adjacent stream.

8.2.7 New springs
The Kaikōura Plains is underlain by deep artesian aquifers as well as a shallow unconfined aquifer.
Historically groundwater from these aquifers has emerged in springs at various places across the
plains, but has been intercepted and diverted to streams via subsurface drains dug during initial
agricultural development of the area. The land movements during the November 2016 earthquake
created some new springs that currently emerge in paddocks creating saturated areas that drain via
surface runoff to the nearest stream or drain. Many of these areas are accessible to stock leading to
pugging damage and mobilisation of contaminants (nutrients, sediment and E. coli) via overland flow
paths to streams.
To reduce contamination of streams, we recommend one of two approaches. The first is to create a
wetland around each new spring by fencing off both the spring and its overland flow path to the
nearest stream. Wetland plant species could be planted within the fenced area if desired for
accelerating increases in the native biodiversity values of the wetland. This may significantly impact
on stock access and farming activities, particularly where spring emergence has occurred in the
middle of existing paddocks. The second approach is to intercept the upwelling water before it
reaches the ground surface, and divert the flow directly to streams via subsurface drains. This
involves intercepting the spring below ground and draining it to the nearest stream or surface drain.
This will commonly involve normal subsurface drainage techniques using perforated plastic
subsurface drainage pipe set in gravel. In some cases, it may require construction of a gravel-filled
collection gallery at the spring head to intercept the spring flow. The cost (Section 10.2.4) will
depend on the technique required at the spring head and its distance from the nearest stream.
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The full number of new springs that require intercepting in this way has not been determined. Some
springs and boggy/wetland areas that may be springs have been recorded in the steam walks (Figure
11. However, since new springs may have appeared anywhere on the plains, there may be others not
recorded in the stream walk dataset. It may be possible to locate these using the high-resolution
aerial photos collected during post-earthquake LiDAR surveys (see
https://gisimagery.ecan.govt.nz/arcgis/rest/services/Imagery). In this report, we provide the costs of
intercepting and draining an individual spring (see Section 10.2.4).

Sourced from the LINZ Data Service and licensed for re-use under the Creative

Figure 11:

Locations of springs and boggy areas that may be springs, recorded in the 2018 stream walks.

8.2.8 Sewage and stormwater
As described by Storey & Tanner (2018), it is likely that leakage from sewer pipes and septic tanks,
and/or stormwater drainage from paved surfaces (carried by stormwater pipes) are a significant
source of E. coli to the lower reaches of Lyell Creek/Waikōau. Fixing any such leaks, ensuring that
sewage cannot overflow into the stormwater system and treating stormwater before it enters Lyell
Creek/Waikōau will reduce concentrations of E. coli as well as toxic contaminants (e.g., oil derivatives
and heavy metals), if present, from roads and vehicles. These reductions will contribute towards
achieving desired goals for Lyell Creek/Waikōau (swimmability, mahinga kai). Auditing and upgrading
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the design and integrity of sewage and stormwater systems is recommended as part of the Lyell
Creek/Waikōau catchment recovery plan, but is outside the scope of this report.

8.3

Removing legacy sediment from stream channels

Because Lyell Creek/Waikōau has a low gradient (about 0.7%, or 7 m fall per 1 km of stream length)
and is mostly spring-fed, it has relatively low power to shift fine sediment that has deposited on the
stream bed. For this reason, reducing sources of new sediment from stream banks and paddocks may
not be sufficient to restore a “clean” gravel or cobble stream bed. Legacy deposits of fine sediment
originating from sources that have been repaired may take years or decades to migrate out of the
stream network. To accelerate the return of clean gravel or cobble stream beds, we recommend
investigating the feasibility of mechanically removing fine sediment from key locations where natural
removal processes are least effective. Though faster than natural removal, mechanical removal may
still require many years, since sediment inputs may take years to reduce after critical source areas
are managed, and legacy sediment may also take years to move into designated removal areas. In
reaches where riparian zones are planted with tall trees, there may in fact be an increase in sediment
input for several years as channels widen in response to increased shading (Parkyn et al. 2010). A
strategy of gradual removal is recommended also because it is likely to be less damaging to the
stream ecosystem than attempts to rapidly remove sediment from the many areas where it has
accumulated.
Stream reaches with dense macrophyte growth can be considered as sediment traps. Clearing
macrophytes and accumulated fine sediment periodically (e.g., once per year) from the bed with a
hydraulic digger can be an effective way of removing fine sediment from the stream network. This is
recommended mainly in the upper reaches of the stream network where natural movement of fine
sediment out of the stream system is more difficult because the stream power is less and the path
length to the stream mouth is longer. In addition, it appears from limited data that fish are less
abundant in the upper reaches than in the Esplanade and other downstream reaches, therefore
there is less potential for harming the fish fauna. When clearing the stream beds, we recommend
following the guidelines of Ballantine & Hughes (2012) to minimise disturbance to the wider stream
ecosystem. In particular, the bed should be cleared in short sections at a time, ensuring that
(whenever possible) a reach with dense macrophyte growth is downstream of the reach being
cleared so that disturbed sediment is trapped before it can travel further downstream.
In places where macrophytes have been shaded by planted riparian vegetation, in-channel sediment
traps may be required to remove sediment deposits. These can be short (e.g., 20 m long) unshaded
sections where macrophytes are allowed to grow (managed as described above), or pools 5-10 m
long and up to 0.75 m deep excavated with a hydraulic digger (Catherine Febria, University of
Canterbury Carex Project, pers. comm.). Because these pools are deeper than the adjacent stream
reaches, they have slower current velocity, which allows suspended sediments to settle out of the
water column. Deposited sediments moving slowly downstream as bedload also settle there.
Accumulated fine sediment is removed once per year by a hydraulic digger and spread over adjacent
paddocks, far enough from the stream channels that it will not be washed back into the channel by
heavy rain. Depending on how much sediment has been deposited in the stream network,
mechanical removal of fine sediment from sediment traps may need to be repeated for only a few
years or for many years before a gravel or cobble stream bed is restored.
Note that excavation of sediment traps disrupts stream beds and mobilises fine sediment that can
then smother downstream reaches, as for the clearing of macrophyte beds. Therefore, the best
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practice guidelines of Ballantine & Hughes (2012) should be applied to creation and maintenance of
sediment traps also.
Mechanical removal of sediment, from either macrophyte beds or excavated sediment traps, is
required most where thick sediment deposits have been recorded in the 2018 stream walks.
Assuming that all reaches of Lyell Creek/Waikōau are naturally gravel- or cobble-bed, the priority
reaches for locating mechanical removal sites are the red and orange reaches in Figure 12.

% streambed cover
by fine sediment
0-20%
20-40%
40-60%
60-80%
80-100%

Sourced from the LINZ Data Service and licensed for re-use under the Creative

Figure 12:

8.4

Reaches of Lyell Creek/Waikōau classified by percent streambed cover of fine sediment.

Enhancing habitat and reducing instream plants

8.4.1 Riparian planting
Although most of the bank length of Lyell Creek/Waikōau has been fenced, very little of the riparian
zone has tall vegetation (Table 3, Figure 13). Many reaches have very low shading (Figure 14) and
13% of reaches have bare ground along a significant proportion (10% or more) of their banks.
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Table 3:
Riparian vegetation types in canopy, understorey and groundcover layers across Lyell
Creek/Waikōau.
Canopy

Canopy

Understorey

Understorey

Groundcover

Groundcover

Vegetation type Bank length (m) bank length (% bank length (m) bank length (% bank length (m) bank length (%
of total)
of total)
of total)
None

25631

70%

15714

43%

196

1%

Exotic

7087

19%

15043

41%

26746

73%

Mixed

2053

6%

3536

10%

7508

21%

Native

1637

4%

2115

6%

1959

5%

Vegetation type
exotic
mixed
native
none
Sourced from the LINZ Data Service and licensed for re-use under the Creative

Figure 13:

Canopy vegetation types on left and right banks of the Lyell Creek/Waikōau network.
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% shade by canopy
vegetation
0-10%
10-25%
25-50%
50-75%
75-100%
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Figure 14:

Reaches of Lyell Creek/Waikōau with different amounts of riparian shading.

Planting riparian zones with native trees and shrubs will provide multiple benefits to enhance the
ecosystem health of Lyell Creek/Waikōau. These benefits (which will be conferred to a greater or
lesser extent depending on the characteristics of the stream and riparian vegetation at each location)
include stabilisation of stream banks, interception and uptake of nutrients in subsurface flow paths
by roots, shade (reducing water temperature and suppressing instream plant growth), input of leaf
litter and wood (providing habitat and food for invertebrates and a variety of micro-organisms, and
possibly enhancing instream processing of nutrients), overhead cover for fish and habitat for adult
aquatic invertebrates and terrestrial animals such as insects and birds. When groundcover plants
with high stem density are added, then further benefits include filtering of overland runoff and
enhancing spawning habitat for galaxiid fish such as the kokopu species. In addition to these benefits,
planted riparian zones can enhance the visual appeal of streams, although they can also create a
barrier to seeing or accessing the stream (therefore, where a visual connection or access to the
stream is desired (e.g., along a streamside walkway), gaps in the riparian vegetation may be
appropriate).
An appropriate long-term goal is to plant riparian zones along the entire stream network with a mix
of trees and groundcover plants. However, in the medium-term, we recommend that riparian
planting is focused on the lower reaches as shown in Figure 15. These reaches are prioritised because
they are seen and accessed more often by people, and because the stream channel is wider, hence
more habitat for aquatic fauna is enhanced per length of stream bank planted. In addition,
maintaining dense growth of macrophytes in the upper reaches of the stream network may be
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valuable for trapping fine sediment and sediment-bound contaminants in these reaches, particularly
while critical source areas of fine sediment are being remediated. In addition, the dense macrophyte
beds may slow water flows during floods, reducing the flood peaks at downstream reaches where
they could cause damage to property, infrastructure and new riparian planting. If and when these
upper reaches are planted, sediment traps should be maintained for a period of time (as described in
Section 8.2.6 above) so that accumulated sediment is not released into the restored lower reaches.
Key
Planting
recommended
Other stream
reaches

Sourced from the LINZ Data Service and licensed for re-use under the Creative

Figure 15:

Recommended extent of riparian planting.

Figure 15 is a general guide, indicating that in general we recommend more riparian planting in the
lower reaches. Among the lower reaches highlighted in Figure 15, but not restricted to these (e.g., in
the case of low oxygen), we recommend identifying priority locations where planting is done first.
These are locations which:
1.

Have the greatest impact in enhancing aesthetic, amenity and/or cultural values.

2.

Have supportive adjacent landowners.

3.

Have the highest habitat value for aquatic fauna (e.g. highest recorded abundances of
valued native fish species, greatest area and complexity of habitat per unit stream
length).

4.

More readily attract funding (and/or volunteer efforts) for the works.

5.

Do not involve prohibitive implementation costs.
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6.

Frequently experience very low dissolved oxygen levels.

7.

Have low flows that cannot be increased to achieve oxygen targets.

8.

Have a channel that is narrow enough or orientated in such a way that sufficient shade
can be created (upstream of the West End, Lyell Creek/Waikōau is narrow enough that
this factor probably only needs to be considered where low stature plantings are
planned).

9.

Will not significantly impede flood control (this may include maintaining access for
diggers to clear channels of weeds and debris, though weed growth should decrease as
riparian shading increases).

10. Are contiguous with other riparian buffers planned or already planted.
Prioritising specific reaches for riparian planting is best done by the Love the Lyell Community Group
in discussion with the whole community. However, particularly for reasons 1-4 above, we anticipate
that in general it would be best to concentrate on the Esplanade reaches first. In regard to the
Esplanade, we note that residents may object to planting of tall riparian trees, as these may block
their view of the plains and mountains. This will need to be negotiated with residents, but if
maintaining views is important, then a suitable solution would be to plant low-growing shrubs, which
will provide some of the benefits of riparian trees.

Guidelines for riparian planting
Helpful planting guidelines are provided by DairyNZ’s Riparian Management Guides fact sheets
(https://www.dairynz.co.nz/environment/waterways/planting-waterways/#guides). As described
there, planted riparian zones need to be at least 5 m wide to allow for a 1 m space between trees
and the fenceline, and for planting on the lower and upper banks. Lower banks that experience
frequent flooding should be planted with small, flexible plants such as Carex spp. That can tolerate
floods and provide little resistance to flood flows. Taller tree species with rigid trunks should be
located on the upper banks. The space between trees and the fenceline can be left with long grass
that will filter contaminants in overland runoff.
Where stabilising stream banks is a key goal, trees should be planted more densely and species
chosen that have greatest rooting depth and spread, and quickest canopy closure and root
development (Marden et al. 2005; Phillips et al. 2001). In places where rapid bank stabilisation is
required, poplars and/or willows (avoiding invasive species) may be appropriate as their roots
develop rapidly (Phillips et al. 2014), but in general, a mix of native species should effectively stabilise
banks (Marden et al. 2005) and are preferred for their biodiversity values and evergreen foliage.
Sufficient shading for temperature and nuisance instream plant control, and sufficient inputs of
leaves and wood, can likely be achieved with a relatively narrow riparian planted buffer (i.e., 5 to 10
m) but interception, trapping and transformation of surface runoff and shallow groundwater is likely
to be more effective with a wider buffer (i.e., 10 to 20 m or more) (Matheson et al. 2017). Selecting
appropriate species will also determine how effectively riparian buffers reduce nuisance instream
plants and remove dissolved nutrients. Including a variety of plant species may make the most of
plant traits which maximise nitrogen removal through different pathways (such as root interception,
biomass acquisition, rhizosphere soil denitrification), but in particular, monocots (e.g., flax, cabbage
trees and Carex sedges) appear to be more effective than woody dicots in taking up nitrogen
(Franklin et al. 2015).
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To reduce abundance of aquatic plants, canopy spread and height of riparian species should be
considered, as these determine channel shading. At least 50% shading is recommended to reduce
emergent and sprawling plants and periphyton, at least 70% is likely to reduce total macrophyte
cover (including submerged species) to intermediate levels, and >90% shading may be required to
reduce the abundance of some low light adapted submerged species (Matheson et al. 2017 and
references therein). Note, that habitat diversity and biological diversity are maximised when there is
some in-stream plant growth. Therefore, we recommend that some places be planted so that
shading reaches 50-90% and some shade-tolerant species (which tend to be native) are able to grow
there.
The costs associated with riparian planting are presented in Section 10.2.6.

8.4.2 Increasing habitat complexity
In addition to adequate water quality, a clean gravel or cobble streambed and riparian cover, a
diverse fish community requires a complex instream habitat that includes a variety of flow types
(pools, riffles, etc.,) and refuges provided by structures such as boulders and large wood. A diverse
instream habitat also favours a diverse aquatic invertebrate community. Adding large wood to a
stream channel can be an effective means of increasing habitat complexity. The wood pieces
themselves can provide habitat for invertebrates, instream cover for fish and spawning habitat for
bullies (fish in the genus Gobiomorphus). Addition of large wood must be carefully planned and
executed, as wood can cause scouring of stream banks or create hazards during high flows,
particularly if pieces are dislodged. Useful guidance for planning and placing large wood is provided
by the Design guideline for the reintroduction of wood into Australian streams (Brooks et al. 2006).

8.4.3 Additional remediation works for fish
One of the greatest impediments to recovery of fish populations in restored streams is the presence
of barriers to fish migration. In a rural setting such as Lyell Creek/Waikōau, the most common barrier
is likely to be culverts under roads or farm laneways. Fish passage through culverts may be impeded
by a number of factors related to culvert design or current state, in particular if the culvert outlet is
perched above the water level of the stream (Figure 16). We recommend assessing all culverts where
there is potential fish habitat upstream and remediating those that are currently impeding fish
passage. Useful guidelines for assessing and remediating fish migration barriers are provided by the
New Zealand Fish Passage Guidelines (Franklin et al. 2018).
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Figure 16:
Examples of culverts with outlets perched above the stream, creating a drop that prevents fish
movement upstream.

Lyell Creek/Waikōau is valued for its whitebait fishery, and inanga have been observed during the
2018 stream walks up to the lower reaches of Warren Creek. According to the Restoring Lyell
Creek/Waikōau Management Plan (Kaikōura Water Zone Committee 2016):
“No known inanga spawning sites have been recorded in Lyell Creek/Waikōau, however recent modelling
has shown potential inanga spawning habitat to be present from the mouth of the creek up to 57a Beach
Road. Currently, the riparian vegetation upstream of the State Highway One Bridge is suitable for inanga
spawning due to the dense cluster of exotic pasture grasses which dominate the riparian zone. However,
in the lower reaches of the creek (below the state highway one bridge) there is minimal native vegetation
present. This is due to the large boulders installed by the river engineers, which does not provide
appropriate spawning habitat.”

There may be potential for enhancing inanga spawning habitat in the Mouth, West End and lower
reaches of the Esplanade sections. Whitebait also includes four other species of galaxiids, termed the
‘large galaxiids’ (banded kokopu (G. fasciatus), giant kokopu (G. argenteus), shortjaw kokopu (G.
postvectis) and koaro (G. brevipinnis)). Although t there are no confirmed records of these species in
Lyell Creek/Waikōau in the NZ Freshwater Fish Database, giant and banded kokopu are present in
neighbouring catchments. Therefore, both of these kokopu species could be present in the Lyell
Creek/Waikōau or could be attracted into the system should suitable habitats be provided. These
large galaxiid species spawn throughout stream networks. To spawn they require low gradient
stream banks with thick vegetation (sedges, rushes and exotic grasses provide suitable habitat, as
well as dense leaf litter) in the zone that is inundated by most floods or elevated flows. Ensuring that
these conditions are met in riparian plantings at key locations may lead to higher numbers of these
whitebait species in Lyell Creek/Waikōau.

8.5

Restoring remnant wetlands

In some places in the Lyell Creek/Waikōau catchment, the land has never been effectively drained
and the soils remain waterlogged and wetland vegetation such as rushes dominate. Three remnant
wetlands were noted in the 2018 stream walks (Figure 17), the largest of which was visited by the
authors on 8 May 2018. As noted by Storey & Tanner (2018), these wetlands, in their current state,
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are useful neither as grazing for cattle nor habitat for wetland flora and fauna. Therefore, we
recommend fencing them from stock so that they can regain value as wetland habitat with diverse
wetland flora and fauna. It is likely that diverse wetland vegetation will self-establish, but if there is
interest from land owners and/or the community, appropriate wetland species could be planted
among the existing rushes.
The costs associated with restoring (fencing) remnant wetlands are described in Sections 10.2.1 and
10.2.5.

Sourced from the LINZ Data Service and licensed for re-use under the Creative

Figure 17:

8.6

Locations of remnant wetlands (light blue polygons) in Lyell Creek/Waikōau catchment.

Removing problem willows

According to stream walk data, 25% of total bank length (left and right banks combined) has a
canopy of exotic (or mixed exotic and native) vegetation (Table 3, Figure 13). Photos indicate that a
significant proportion (possibly most) of the exotic vegetation is willows. In three places on the
stream walks, fallen trees were noted as hazards (Storey & Tanner 2018). During the site visit (8 May
2018), willows growing in the channel were noted by the authors on one farm.
Although willows provide many of the same benefits as native trees in riparian zones (e.g., shading of
the channel, input of leaf litter, etc.,) they can also create problems. Willows growing in the channel
may impede high flows and cause localised flooding. Even those growing on the stream banks may
impede flows as their extensive root networks may intrude into the channel. When over-mature,
willows can fall into or across the channel, which may also cause localised flooding. For these
reasons, and because native vegetation provides greater biodiversity values, we recommend
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gradually replacing willows with native species, beginning with those that are causing identifiable
problems. Willow removal should be done according to best practice guidelines so as not to damage
stream banks by mechanical removal or leave banks bare of vegetation (see Wagenhoff & Young
2013 and references therein).

8.7

Restoring connections between people and the stream

Since Lyell Creek/Waikōau is valued for recreation and aesthetics, and since catchment recovery can
only succeed with support from the entire community (see Section 7), an important goal in a
catchment recovery plan is to restore connections between people and the stream. This can be done
in a variety of ways, many of which require infrastructure planning that is beyond the scope of this
report. However, we recommend work to repair and extend the walkway alongside the Esplanade
section of Lyell Creek/Waikōau. To extend this walkway as far as possible will require continuing the
Kaikōura District Council’s programme to acquire reserve land from landowners adjacent to the
Esplanade.
We recommend community consultation and engagement of a landscape architect to explore
options to naturalise and beautify the West End and Mouth sections of Lyell Creek/Waikōau that are
highly visible from the town centre and have great potential to become an attractive asset for the
town.
Finally, we recommend investing in communications to raise community awareness and appreciation
of the creek and the work that is being done to restore it. This may involve media releases, social
media stories and more signage in key locations where the public access the creek (e.g., Figure 18).
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Figure 18:
Sign at the footbridge near Kaikōura town centre describing Lyell Creek/Waikōau and
restoration work being done.

8.8

A note about flood risk

Causes and consequences of flooding must be considered in implementing any of the above
solutions. When investing effort or expense to improve stream or riparian habitat, e.g., through
fencing, planting or excavating, the risks of damage by floods must be considered. Risks of flood
damage may be different in different parts of the stream network, and may be a factor in choosing
where to begin implementing solutions. In addition, some of the recommended works (e.g., removal
of willows, clearing or shading of macrophytes), may alter the risks of flooding locally and
downstream. Generally, structures or growths that slow stream flow will increase flood risk locally
but reduce it in downstream reaches, and removing these structures will reverse this pattern.
Changes to the spatial pattern flood risk across the stream network caused by implementing the
recommendations above should be considered when scheduling the various recommendations.

Lyell Creek/Waikoau catchment recovery plan

41

9

Monitoring

Monitoring water quality, habitat quality and aquatic and riparian fauna and flora is essential for
managing Lyell Creek/Waikōau and assessing stream responses to remedial actions. Results can be
used to demonstrate success in order to gain continued funding and build community support, or (if
results do not show the expected improvements) recognise ineffective strategies and adapt
management to include more effective actions.
Environment Canterbury regularly monitors surface water quality at four locations and aquatic
macroinvertebrates at one location (see Storey & Tanner 2018). ECan staff also conducted a stream
walk in early 2018 that recorded a wide variety of characteristics of the stream channel and riparian
zone, through visual estimates or simple measurements. In addition, ECan regularly monitors
groundwater quality and water levels at one location and occasionally at others, and an ECan flow
gauge records stream discharge at one location.
Environment Canterbury monitoring provides very valuable data for managing and restoring Lyell
Creek/Waikōau, and will form the core of an ongoing monitoring programme. However, we
recommend augmenting ECan’s routine monitoring with the following:
▪

Repeat stream walks every 3-5 years using the same protocols as in 2018. The main
purposes are to reassess stock access, extent of fencing, extent of riparian planting and
growth of planted riparian vegetation, effective management of critical source areas
(e.g., new springs, bank slumping/erosion), and stream responses including
macrophyte cover and fine sediment deposits and changes in channel morphology. A
rich store of valuable information can be gathered by following the stream walk
protocols, and professional assistance with analysis would maximise the value of the
data collection.

▪

Fish surveys every 3-5 years using the same sites and methods at each site. Sites
should be located where significant remedial work has been carried out and the
appropriate methods will depend on site characteristics. We also recommend
volunteer monitoring at additional locations and/or times using volunteer-friendly
methods such as spotlighting or Gee-minnow traps. However, training would be
necessary to enable correct identification of fish, especially distinguishing between the
whitebait species.

▪

Surveys of aquatic macroinvertebrates, particularly mahinga kai species such as kōura
(freshwater crayfish) and kākahi (freshwater mussels) at locations where significant
remedial work has (e.g., riparian planting) been carried out.

▪

Regular water quality monitoring at the locations chosen for a baseline survey (Section
8.1.1). Water quality variables should include dissolved nutrients (nitrate and
phosphate), conductivity, water clarity (using black disc method to measure clarity >1
m), E. coli, water temperature, dissolved oxygen and pH (the latter three measured
continuously using loggers, if possible).

We recommend that this additional monitoring be conducted, as much as possible, by members of
the community, specifically including iwi where possible. Involving the community in monitoring
increases their engagement with, and understanding of, the stream and its ecology. It can also help
raise community champions who will communicate the restoration work with the wider community
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and increase community support. In addition, community involvement enables more monitoring
than can be achieved by ECan staff alone. Equipment, protocols and other resources for community
monitoring are available in NIWA’s Stream Health Monitoring and Assessment Kit (SHMAK). This kit
includes methods for coarse measurements of dissolved nutrients and E. coli. If more accurate
measurements are desired, then volunteers could send collected samples to an accredited
laboratory.
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Economic costings

10.1 General approach and assumptions
When considering catchment recovery options, relative costs should be considered alongside
effectiveness and feasibility. The costs presented in this report are indicative and exact costs will be
site specific. However, understanding the potential relative economic impacts will help the Kaikōura
Plains Recovery Project prioritise restoration activities. This report and Storey & Tanner (2018) have
identified areas for improvement in the Lyell Creek/Waikōau catchment, as well as potential
solutions. This section presents some indicative economic costs to help inform decision making and
prioritisation of solutions.
The costs considered as part of this report can be considered separately or some can be combined,
to indicate the price of the main solutions discussed in this report. For example, fencing and riparian
planting are priced separately, but can also be combined. Most of the costs considered relate to the
capital cost of implementing specific solutions (section 10.2), i.e., fencing. However, annual costs, in
particular, loss of productive land and maintenance costs, are also considered (section 10.2.5).
This section is supported by an accompanying spreadsheet (Lyell Creek Waikōau Catchment Recovery
Plan Cost Analysis). Given the variability in prices for some of these solutions, and the individual site
characteristics, this spreadsheet allows some of the costs to be tailored. This allows some sensitivity
analysis to be carried out on key assumptions, such as desired plant spacing in riparian areas. Where
the spreadsheet can be altered is indicated in the sections below.
The costs included in this report have been obtained from multiple sources, such as the Ministry for
Primary Industries report on stock exclusion (TAG, 2016), the Lincoln Farm Budget Manual (Askin &
Askin, 2012; 2016) and price lists. All sources have been adjusted for inflation and where multiple
sources are available these have been combined based on reliability and relevance.

10.1.1 Assumptions
Specific assumptions for each set of prices are included in the relevant sections below. However,
there were some general assumptions made:

44

▪

All prices are 2018 New Zealand Dollars (NZD) and are GST (goods and services tax) exclusive.

▪

To adjust all values to 2018 NZD, the Farm Expenses Price Index (FEPI) was used. Specifically,
the FEPI- All Farms Excluding Livestock index. Prices were adjusted to 2018 quarter 1, which
is the most recently available data point. Where the data sources did not specify what dollar
values they were using, quarter 1 of the year the study was published was assumed, this
provides some minimisation of seasonal differences.

▪

Prices represent an indicative cost per unit, they are likely to vary based on specific site
conditions.

▪

Prices include labour unless otherwise stated. Some people may have the skills and time to
do this work themselves, thereby making the cash cost lower, however the true cost is the
same when pricing that labour cost at a market equivalent. Where costs exclude labour, this
is to demonstrate the cash costs of these options, i.e., how much money will change hands.
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▪

These prices assume that solutions are implemented using best practices. For example, when
fencing in flood prone areas best practices are followed such as, putting fence wires on the
paddock and/or downstream side of posts so they pop their staples and drop rather than
breaking and using un-barbed staples so wires can pop more easily. This will minimise
maintenance costs. These types of best management practices are generally available from
sources such as regional councils, and industry bodies.

▪

No additional costs have been included in the cost figures, including interest costs if the
capital investment is funded through debt, or the opportunity cost of capital.

10.2 Specific costs
10.2.1 Fencing
Fencing waterways has been identified as an option to improve catchment water quality (Section
8.2.5), however, most waterways are already fenced. Fencing prices have been included as the costs
for new fencing are likely to be similar to those for moving fencing to provide larger setback areas.
Fencing can be an option to improve water quality on its own, or as part of other solutions such as
riparian planting. Table 4 shows the indicative capital cost of new fencing per meter for a variety of
fence types.
Table 4: Fencing costs per unit.
Type of fencing

Price per meter*

Cattle electric 2-wire
Sheep/cattle non-electric 8-wire
Sheep/cattle electric 4-wire
Sheep/cattle non-electric netting
Deer non-electric netting
*Price includes new materials and labour

$3.80
$14.00
$6.00
$12.00
$16.50

The fencing costs included in Table 4 are based on new fencing. Some of the potential options to
improve catchment water quality presented include alterations to existing fencing. As part of this,
some materials may be able to be reused, however with reusing materials can come a salvage cost.
The proportion of materials that can be salvaged and the time it takes to do this will vary by site.
Table 5 includes some examples of fencing costs when including the ability to salvage 20% of
materials, and an increase in labour of 25% for extracting these reusable materials. These
proportions are estimates, however, in the accompanying spreadsheet these can be altered.
Table 5: Fencing costs per unit with reused materials.
Type of fencing

Price per meter with 20% reused materials and a 25% higher
labour cost to salvage materials

Cattle electric 2-wire
Sheep/cattle non-electric 8-wire
Sheep/cattle electric 4-wire
Sheep/cattle non-electric netting
Deer non-electric netting
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$3.72
$13.23
$6.15
$11.85
$15.68
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The fencing costs included in this report are based on the following assumptions, in addition to the
assumptions provided in section 10.1.1.
▪

The fence costs are based on the costs associated with a 1 kilometre fence with 9 angle
assemblies and 1 gateway assembly (at one end of the fence).

▪

Where possible, fence posts are spaced at 4 metres for non-electric fences and 10 metres for
electric fences.

▪

Fence costs are for flat to rolling contour where a post driver can be used.

▪

Fencing costs are based on reasonable ground conditions, anything on rocky, swampy or
extremely heavy clay soils may increase costs.

▪

There is no inclusion of additional stock water reticulation costs as the majority of waterways
are already fenced.

▪

It has been indicated that in some areas it is desirable to maintain access for drain cleaning in
which case options include, removable wooden rails, an electric fence that can be removed
or dropped or strategically placed gateways. The costs included in Table 4 and Table 5 reflect
the cost of one gateway per 1 kilometre, if more are required, or if another option is chosen,
then the costs may increase relative to what is included here.

▪

These costs are construction costs, they should be considered in conjunction with
maintenance costs and possibly planting costs.

The total costs for constructing new fence lines for a variety of fencing types and lengths is able to be
calculated in Section 1: Fencing Costs in the accompanying spreadsheet. To do this select the
required length, in metres, for each of the five fencing types. The total cost will then be calculated. In
this same section, total costs can also be calculated for modifying or moving existing fence lines. This
includes selecting the proportion of materials that can be reused and selecting the proportional
increase in time taken to salvage materials, versus purchasing new materials.

10.2.2 Stream bank rebattering and in-stream sediment traps
In Section 8.2.3 stream rebattering is described as a possible solution to improve bank stability and
thereby reduce slumping of banks into waterways. In Section 8.3 excavated in-stream sediment traps
are described as possible solution help reduce legacy fine sediment deposits. Table 6 shows the
indicative costs digger work, which forms the basis of both of these possible solutions.
Table 6: Costs of stream bank rebattering and in-stream sediment traps.
Cost component
Cost per hour ($/hour)*
Cartage ($)

Price – stream bank rebattering**
$125
$300

Hours required
8
Total cost
$1,300
*Based on an 8 tonne digger, with driver
**Based on 500m of stream (1 side) (approximately 1.5 hours per 100m)
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Price – in-stream sediment traps
$125
$300
10
$1,550
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The costs of rebattering a stream bank and constructing an in-stream sediment trap are based on the
following assumptions, in addition to the assumptions provided in section 10.1.1.
▪

The costs exclude any possible consent, engineering and consulting costs.

▪

These costs, through the hours required, will increase for more complicated jobs, such as
working around, or removing existing vegetation (e.g., willow trees), and if fences do not
allow for required access.

▪

Stream bank rebattering should be priced in conjunction with planting and possibly refencing
if fences are required to be moved.

▪

For stream bank rebattering it has been assumed that riparian planting is enough to stabilise
banks, and options such as geotextile fibres and/or riprap (rock) lining is not required.

▪

The larger the digger, the faster it is likely to be able to do the job, a smaller digger may be
cheaper but may also take longer.

Given the variability in the cost of this job, Section 6: Stream Bank Rebattering and In-stream
Sediment Traps in the accompanying spreadsheet allows some of the cost variables to be altered in
order to ascertain a more site specific cost.

10.2.3 Drains under farm tracks
Section 8.2.6 discusses critical source areas where farm races have become muddied and are
becoming transport pathways for sediment to waterbodies. One suggestion to remedy this is to
provide an alternative flow path for the water. Installing a culvert under these sections of farm races
provides a pathway for water to flow under the race. This would include digging up the section of
farm race and installing a drain underneath, this should be backfilled with gravel and then an
appropriate surface. The drain should be large enough to carry water in periods of high overland flow
and the outlet for the drain should be directed to a filter area, not direct into a waterway. As part of
the earthworks, the farm race can be re-cambered to further mitigate the potential for additional
critical source areas to develop. Table 7 shows the indicative costs for inserting a drain under a farm
track. Some of the cost variables can be altered in Section 5: Drains/ Culverts Under Farm Races in
the accompanying spreadsheet in order to ascertain a more site-specific cost in.
Table 7: Costs of installing a drain under a farm race.
Cost component
Cost per hour ($/hour) *
Cartage ($)

Price
$125
$300

Culvert pipe**
$340
Gravel backfill
$20
Hours required
3
Total cost
$1,015
*Based on an 8 tonne digger, with driver
**Based on a 6m (length) 300mm (width) polypropylene, twin wall, smooth bore, corrugated pipe

The price of installing a drain under the farm race are based on the following assumptions, in
addition to the assumptions provided in section 10.1.1.
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▪

The costs exclude any possible consent, engineering and consulting costs.

▪

These costs will depend significantly on the size of the area that is required to be excavated,
it may be larger than just the pipe size, and how much backfill and track surface material is
required.

▪

The larger the digger, the faster it is likely to be able to do the job, a smaller digger may be
cheaper but may also take longer.

▪

These costs exclude any additional earthworks that may be required as part of the inflow or
outflow of the pipe, however, these costs can be combined with fencing and planting a
suitable filter zone for the water to run through before reaching a waterbody.

10.2.4 Draining new springs
A number of springs have appeared since the Kaikōura earthquake in the Lyell Creek/Waikōau
catchment (Section 8.2.7). This section looks at the costs associated with two options for drainage of
these springs, draining the area around the spring with subsurface drainage, or installing a drainage
line direct from the spring to a waterway. The costs of these options are incredibly variable, largely
depending on the flow characteristics of the spring as well as the soil characteristics.
Table 8 shows the indicative costs for draining the areas around the new springs using mole drainage.
The costs are presented for a few scenarios as not all paddocks will be the same to drain. These costs
are provided for a hectare, however, the cost could be adjusted for the desired area in Section 4:
Draining new Springs in the accompanying spreadsheet.
Table 8: Costs of draining are around new springs.
Type of drainage system
Heavy soils that will hold moles well, includes mole ploughing, 100m spacings.
Heavy soils that will hold moles well, including mole ploughing, 50m spacings.
Difficult sites with poor outlet conditions on flat country with intensive (20 to 25mm
drainage coefficient) systems, with metal backfill, including mole ploughing (spacing not
specified).

Price per hectare
$2,000
$3,600

$5,900

The second potential mitigation option for these new springs is to excavate the spring, and provide a
gravel collecting chamber (can be grassed on top) with a pipe that carries the spring water to a
suitable waterbody. As with the mole drainage, these costs can be highly variable depending on the
characteristics of each spring, including the soil conditions around it, amount of fill required and the
distance to a suitable waterbody to direct the water into. The cost of this mitigation option is largely
a function of the time taken to excavate and backfill the spring. An example of the price of this
mitigation option is included in Table 9, these costs can be adjusted in the accompanying
spreadsheet in Section 4: Draining new Springs.
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Table 9: Costs of installing a subsurface drain direct from spring to waterway.
Cost component
Cost per hour ($/hour) *
Cartage ($)
Culvert pipe**

Price
$125
$300
$1960

Gravel backfill***
$503
Hours required
20
Total cost
$4,760
*Based on an 8 tonne digger, with driver
**Based on 12m (length) 450mm (width) polypropylene, twin wall, smooth bore, corrugated pipe
***Based on a gravel chamber of 3m (length) by 3m (width) by 3m (depth) and gravel fill over a 12m
pipe, 0.5m (deep) and 0.5m (wide)

The price of piping and draining new springs included in this report are based on the following
assumptions, in addition to the assumptions provided in section 10.1.1.
▪

For mole drainage the cost is heavily influenced by the space between the drains which can
range significantly, from 40 metres on flats to 200 metres on land with good gradient and soil
that will hold a mole.

▪

The cost is heavily influenced by the characteristics of the spring and the surrounding soil,
including how much earth must be excavated.

▪

The costs exclude any possible consent, engineering and consulting costs.

▪

The cost will also be influenced by if any underground services e.g., irrigation pipes,
telephone cable, power, stock water, are present, the type of pipe chosen, smooth bore pipe
moves more water but is more expensive, and the location of the backfill source and
therefore cartage.

▪

These costs exclude if any additional costs such as regressing are incurred.

10.2.5 Wetlands
The following costs are relevant where new springs are managed by converting them into a
constructed wetland. Wetlands are a challenging mitigation to price as they are incredibly context
specific, largely depending on the amount of earthworks that are required. Because of this, costs are
presented as a range. Two key types of wetlands are priced, facilitated wetlands and constructed
wetlands. In this context facilitated wetlands represent restoring areas that are old wetlands or are
partially acting as wetland areas already, these require minimal earthworks to construct. Constructed
wetlands are included as these could provide an option for areas where new springs have formed
following the Kaikōura earthquake, these require more earthworks than facilitated wetland areas.
Table 10 shows the indicative cost of facilitated and constructed wetlands for wetlands up to 1
hectare. Wetlands larger than 1 hectare are priced based on the base cost (wetlands up to 1 hectare)
and the relationship described in Kadlec & Wallace (2009), reference price x area0.69. Wetlands larger
than 1 hectare can be priced in Section 3: Wetlands in the accompanying spreadsheet.
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Table 10: Wetland cost.
Wetland types
Minimum - Facilitated wetlands (surface and shallow
subsurface runoff)
Average- Facilitated wetlands (surface and shallow
subsurface runoff)
Maximum- Facilitated wetlands (surface and shallow
subsurface runoff)
Minimum - Constructed wetlands (surface drainage)
Average- Constructed wetlands (surface drainage)
Maximum- Constructed wetlands (surface drainage)

Price per meter2

Price for 1 hectare

$6.60

$66,000

$8.00

$80,000

$10.15

$101,500

$13.15
$15.55
$20.20

$131,500
$155,500
$202,000

The price of constructed and facilitated wetlands included in this report are based on the following
assumptions, in addition to the assumptions provided in section 10.1.1.
▪

These wetland construction cost estimates include fencing and planting. They also include a
range of engineering and excavation costs, hence the range presented. The costs exclude any
consent costs, if applicable.

▪

The land used for wetland areas may be productive farm land, thought the productivity of
the land in question may not be the same as the rest of the farm land. If productive land is
lost, these costs should be read in conjunction with the costs in section 10.3.1.

▪

The costs included in Table 10 reflect one-off construction costs, they should be considered
in conjunction with maintenance costs.

10.2.6 Riparian planting
Table 11 shows the indicative cost of riparian planting. The results presented are a selection of costs
for various sized areas and planting densities, which can be varied in Section 2: Riparian Planting
Costs in the accompanying spreadsheet in order to derive a more site-specific cost. The costs
indicated below can also be considered as the cost of different areas within the same riparian buffer,
for example, in a 10 metre buffer from fence to stream bank, and want to include half flaxes and
sedges which can be planted closer together, and the remainder of the riparian buffer width may be
planted in larger plant varieties which are spaced further apart.
The costs in Table 11 show a total cost that includes the cost of plants, ground preparation and
labour, as well as a total cost including and excluding labour. Often labour can be carried out by
community groups and volunteers, thereby reducing the total cash cost per plant. However,
removing the labour cost does not necessarily change the true economic cost, there is just no cash
exchanging hands for labour. Supervision costs may increase if volunteers are used, however often
this is done by someone also volunteering their time, such as a farmer or an experienced land
manager from a catchment group or regional council.
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Table 11: Riparian planting costs.
Planting
width

Planting
length

Area (square
metres)

Number of
plants
required

Total plant
cost * (incl.
labour)

Total plant
cost ** (excl.
labour)

1

Desired
plant
spacing
(metres)
1.5

1

1

0.7

S: $3.67
M: $4.17
L: $6.40

S: $2.33
M: $2.83
L: $5.07

5

1

5

1.5

3.3

10

1

10

1.5

6.7

S: $18.33
M: $20.83
L: $32.00
S: $36.67
M: $41.67
L: $64.00

S: $11.67
M: $14.17
L: $25.33
S: $23.33
M: $28.33
L: $50.67

5

1

5

1.8

2.8

5

1

5

2.0

2.5

S: $15.28
M: $17.36
L: $26.67
S: $13.75
M: $15.63
L: $24.00

S: $9.72
M: $11.82
L: $21.11
S: $8.75
M: $10.63
L: $19.00

*Cost per plant is based off various pot sizes; S= 90mm pots ($5.50), M= 1 litre pots ($6.25), L= 2 litre pots
($9.60) and includes labour, ground preparation and plants.
**Cost per plant is based off various pot sizes; S= 90mm pots ($3.50), M= 1 litre pots ($4.25), L= 2 litre pots
($7.60) and includes ground preparation and plants, but excludes labour costs.

The riparian plantings costs included in this report are based on the following assumptions, in
addition to the assumptions provided in section 10.1.1.
▪

The number of plants has not been rounded to a whole number as it is likely that the area
being planted is longer than 1 metre and therefore the rounding of the number of plants
required should be done once the total area is known.

▪

Further advice on how to prioritise planting and what to plant where on a property can be
obtained from regional councils and industry bodies, for example, DairyNZ’s Riparian Planner
(https://riparian-planner.dairynz.co.nz/) and the DairyNZ riparian management guide
accompanying this report.

▪

Costs are provided for a varying sizes of plant pots. In addition, spacing can provide a relative
cost difference between types of plants, with small plant varieties planted closer together
than larger varieties. For example, for lower bank zone, spacing is often 1-1.5 m between
plants e.g., Carex secta, while for the upper bank zone spacing is more likely to be 1.5-2 m
between plants e.g., Cabbage tree. Costs will also be significantly lower if the riparian area
has a grass buffer rather than planting.

▪

Prices are based on literature, and local suppliers such as DOC Motukarara, and for suppliers
such as DOC the rate for approved restoration projects is used, which is lower than the
general retail rate.
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▪

These costs are based on the capital cost of planting, excludes any replacements of plants
who die in first year.

▪

Costs per plant include the cost of plants and ground preparation and are priced using mostly
native plants as a base. Additional costs such as plant protection guards are not included.

▪

The costs included in Table 11 reflect one-off construction costs, they should be considered
in conjunction with maintenance costs and likely fencing.

Planting costs are able to adjusted in Section 2: Riparian Planting Costs in the accompanying
spreadsheet in order to derive a total cost for planting with varying width, length, spacings and plant
pot sizes. Costs can be calculated including and excluding labour costs.

10.3 Additional cost considerations
10.3.1 Productive land
If buffer strips or wetland areas remove productive farm land from effective land area this can result
in reduced income for a farm. There is wide ranging debate in the literature as to how productive
those areas are relative to the rest of the farm, with estimates ranging for 0% of the productive
potential to 100%. This will be very context specific including factors such as plant species in the
relevant areas, e.g., rushes in the remnant wetland areas, and soil moisture.
Table 12 uses the average dairy farm income per hectare for the last four years and looks at the loss
in income at different productive potential for the land being retired. Alternative annual profitability
can be included in Section 7: productive Land in the accompanying spreadsheet to calculate the
annual loss of the productive land from actual farm businesses, dairy or other enterprises. It is most
likely that land retired for improving existing wetland areas has a lower productive potential than the
average paddock on the farm due to plant species such as rushes and land retired for constructing
new wetland areas has a lower productive potential than the average paddock on the farm due to
the wet soil conditions from the new springs.
Table 12: Loss of annual income.
Relative productivity of land
retired

Annual profit average dairy farm
(per hectare)

Lost annual earnings (per
hectare)

100%
75%
50%
25%
0%

$1,576
$1,576
$1,576
$1,576
$1,576

$1,576
$1,182
$788
$394

10.3.2 Maintenance costs
Maintenance costs per year will vary based on factors such as floods, success of establishment of
riparian plants and other relative maintenance requirements. While these costs are not a factor
immediately, they are important to consider in order to ensure the continued environmental effects
of these proposed options as part of a catchment recovery plan. Table 13 includes the on-going
annual maintenance costs for fencing, riparian planting, wetland, mole drainage and sediment traps.
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This section includes these maintenance costs as estimates are obtainable, other catchment recovery
options may have maintenance costs, however these were not available to be included.
Total maintenance costs can be calculated in Section 8: Maintenance Costs in the accompanying
spreadsheet based on the number of riparian plants used, meters of fencing, hectares of wetlands or
mole drainage systems and per whole sediment trap.
Table 13: Annual maintenance estimates.

Minimum
Median
Maximum

Riparian planting
(per plant)
$1.50
$2.20
$2.80

Fencing
(per meter)
$0.05
$0.20
$0.50

Lyell Creek/Waikoau catchment recovery plan

Wetlands
(per hectare)
$50
$200
$300

Piping systems
(per hectare)

Sediment trap
(per trap)

$90

$1,000
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Conclusions

Lyell Creek/Waikōau is valued by the local community for a wide range of reasons, but is currently
not supporting those values to the level it could. In our assessment, a variety of interacting factors,
shown in Figure 19 are currently limiting the potential of Lyell Creek/Waikōau to support community
values.
Our recommended approach to rehabilitating Lyell Creek/Waikōau involves the following
components:
1. Reducing sources of key contaminants (particularly fine sediment and E. coli) from farming,
sewerage and (possibly) stormwater, addressing both the sources and the pathways by
which they are entering streams.
2. Removing “legacy” contaminants (mainly fine sediments and associated phosphorus) that
have entered the stream network in the past but may take many years to be removed
naturally.
3. Enhancing instream, riparian and remnant wetland habitat, including removing migration
barriers to fish.
4. Replacing exotic vegetation with native plants, particularly excessive growths of invasive
species degrading aquatic habitat, and/or contributing to flooding or erosion problems.
5. Restoring connections between people and the stream network.
Alongside implementation of the rehabilitation work, we recommend a carefully planned programme
of monitoring, beginning before rehabilitation begins (to help target rehabilitation efforts) and
continuing afterwards (to assess implementation and stream responses).
Fundamentally, rehabilitating a degraded ecosystem involves a change in the relationship between
the community and the ecosystem. For this reason, successful and enduring rehabilitation requires
that the community is involved at all stages of planning and implementation. We recommend
building on past community-based initiatives and operating within the current community-based
framework (Kaikōura Water Zone Committee 2016). Because we recommend involving the
community in planning, we do not prescribe a fixed order for implementing the components outlined
above. In general, the different components can be implemented in parallel. It is probably best to
begin where there is greatest willingness and interest from the community and build momentum
from early successes. The main exceptions are that current sources of contaminants should be
reduced before investments are made to reduce legacy contaminants, and consideration should be
given to the effects of remedial actions on flood flows, which may damage work done in other parts
of the stream network.
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Figure 19:
Linkage diagram showing cause-effect relationships between pressures, "state" variables and impacts on values in Lyell Creek/Waikōau catchment.
highlighting key pathways.
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