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Executive summary

1. The management of rivers for flood prevention and maintenance of ecological health
will need to accommodate potential future increases in the size and frequency of floods.

2. Strategies being adopted internationally to improve outcomes for river health and flood
management include allowing the river more room to move under high flow conditions.
This has the multiple benefits of reducing positive feed-back loops of river engineering,
reducing flood risk and improving ecological health of the river and riparian surrounds.
As a result there are financial, recreational, cultural and social benefits for tangata
whenua and society in general.

3. The natural character, biological communities and water quality are all likely to benefit
from a more natural geomorphological form.

4. Diverse and wide planted riparian buffers, in association with a more natural floodway
will add to the above benefits.

5. There is the potential that some river sections may require continued and/or increased
engineering work as the river adjusts from its current constrains to a more natural form.
An adaptive monitoring and management strategy will be important to support this as
the river evolves and avoid false assertions that giving the river more room is not
working.

6. There is the potential for minor short term disruption but this should be weighed against
the long term major benefits.

7. Riparian buffer planting alone may offer short term benefits, but it is not seen as a viable

long term solution if the river channel is not also given more room.



Introduction

Climate change is altering global patterns of precipitation and temperature (IPCC, 2013), and
is predicted to modify the occurrence of extreme climatic events, such as heavy rainfall and
floods (Grantham, Merenlender & Resh, 2010; Aldous et al., 2011; IPCC, 2013). In some
regions, climate change is expected to increase the frequency, intensity, spatial extent and
duration of large floods (Aldous et al., 2011; Dankers et al., 2014). The ability for
engineering protection and remediation to cope with these more frequent and larger floods is
increasingly being challenged (Klijn, Asselman & Wagenaar, 2018). In some regions, such as
Europe and USA, river hydromorphology is now being naturalised to mitigate these flood
effects and restore ecosystems (Hart et al., 2002; Feld et al., 2011; Klijn, Asselman &
Wagenaar, 2018). New Zealand is just beginning to grapple with the competing demands of
safeguarding people and infrastructure, whilst maintaining healthy river ecosystems in the

context of the increasing frequency and severity of floods.

River engineers are beginning to consider softer approaches to protecting people and property
that allow more natural river behaviour, maintaining and/or restoring connection with the
flood plain and in some cases actually restoring river flood plains (Gostner et al., 2013;
Urbanic, 2014). Often however pressure from the public, politicians and insurance
companies, and the large number of dwellings that are still built in active floodplains
(Macklin & Harrison, 2012) mean the protection of biodiversity is given little or no
consideration, even when both people and animals could be protected with a more forward-
looking approach. In some regions of the world policies such as the EU Water Framework
Directive (European Commission, 2000) are focused on improving riverine biological
communities through more natural hydromorphology. The Foresight Report (Evans et al.,
2004; Evans et al., 2008) and consequent policy changes in the UK and mainland Europe
also stress working with natural riverine processes to mitigate for extreme flooding, but also
to protect, restore and conserve riverine biological communities. This involves modifying
riparian areas and floodplains, allowing for natural channel adjustment and encouraging large

wood in some headwater streams (Sear & Arnell, 2006).

This report addresses current knowledge on a series of questions raised in considering a
wider “room to move” strategy for managing flood risk and river ecosystem health in the

Flood Management Plan, Te Kauru, for the Upper Ruamahanga.



Principally the report seeks to provide evidence or strategy to determine if the draft Te Kauru
Upper Ruamahanga Floodplain Management Plan (Te Kauru) will improve the listed

characteristics below:
e Natural character
e Agquatic life
e Water quality
e Erosion and sediment reduction
e Nutrient and phosphorus run-off reduction

e Contribution to social, economic and cultural wellbeing. There are some limitations

that must be considered, such as:
e The location of existing assets such as bridges, roads and houses

e Balancing the environmental and cultural values with the costs of potential loss of

productive land.

Current Floodplain Management

The Greater Wellington Regional Council have developed Floodplain Management Plans
(FMPs) to manage flood risk from the Wellington Region’s rivers and streams. The approach
is to understand the processes affecting a river/stream and its floodplain within a wider
catchment, and to provide a coordinated response through a FMP to reduce the impact of

flooding and erosion. FMPs also aim to ensure any future development considers flood risk.

The outcome of a floodplain management plan process is a document that guides how the

floodplain and catchment should be managed to:
e Minimise risks to life, health and safety
e Reduce severity of flood damage
e Promote sustainable use of flood and erosion prone land

e Promote sustainable development of the wider catchment



e Use planning and community preparedness to ensure sustainable land use

o Identify options to manage the flood risk

Te Kauru - Upper Ruamahanga Floodplain Management Plan

Te Kauru is being developed as a long-term approach to floodplain management within the
Upper Ruamahanga River to the Waiohine confluence, and includes the Waipoua,
Waingawa, Kopuranga, Whangaehu, and Taueru rivers from their headwaters within the
Tararua Ranges and Eastern Hills to their confluences with the Ruamahanga River. The

catchment has a total area of approximately 1,560km.

The FMP incorporates environmental, cultural, and recreational values the community holds
in relation to the catchment, and how floodplain management can seek to maintain or

improve these values.
There are five main aims for the Te Kauru Floodplain Management:
1. To work together to develop a sustainable floodplain management plan.
2. To support sustainable economic development
3. To protect and improve the cultural values of rivers
4. To recognize local community needs and build resilient communities

5. To protect and enhance our natural spaces.

Current river management approach

The current river management approach is to keep the rivers within their inner management
line (Figure 1). When a river erodes into the buffer, river management works are undertaken
to shift the river back into the inner management line as soon as is practicable. These river

management works often consist of machinery in the river channel.
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Figure 1: River management envelope

The draft Te Kauru Upper Ruamahanga FMP proposes to give the rivers more room. This
will mean that the rivers would be allowed to move within the buffer area and consideration
will be made whether land outside the buffer is at risk prior to undertaking river management

works to shift the river back to the inner management line.

The intent of allowing the rivers more room is to give them more space to carry out their

natural processes.

This shift in approach will mean there will be less frequent intervention, meaning machinery

will be in the river less often. However, more large interventions may be required as a result.

Buffers

Buffers are an envelope of land beyond the river channel that are maintained as areas for

erosion control and for protection.



In the Wairarapa, the planting of willow trees within buffers for river and erosion

management has been a practice for more than 30 years. Greater Wellington believe that
vegetated buffers have assisted to reduce erosion and sedimentation as well as providing
cover and habitat for wildlife. GW also believe that nutrient and pathogen runoff has also
been reduced as a result of the vegetated buffers. However, further investigations are needed

to confirm if this is in fact the case or even likely.

A significant portion of buffers are currently not planted and in some cases landowners are
grazing their livestock up to the river’s edge. Some buffer areas have high banks and erodible
cliffs. These areas will not be able to be planted as their root zone will be too high above the
river to have any effect on slowing erosion. In this instance, the FMP proposes to allow
partial or full erosion of the cliff so that a vegetated buffer can be established at river level.

Within Te Kauru planting is proposed for all buffers where appropriate. Planting is proposed
to consist of hybrid willows along the front edge of the buffer, as these are fast growing
robust trees and dense root mass that binds the bank edge soils together. A selection of
natives are proposed behind the willows to improve biodiversity, enhance visual amenity,
improve water quality and further stabilising stream and river beds. Different plant types
could also be explored that may create a benefit for the adjacent landowners by providing
some form of fodder for stock (once harvested from the buffer — cut and carry), nutrient

uptake or honey production.

DairyNZ are currently undertaking research along with NIWA looking at options for farmers

with regards to riparian planting that will benefit the environment but at the same time



produce fodder for stock, food for people or even pharmaceuticals.

https://www.dairynz.co.nz/news/latest- news/research-into-productive-riparian-buffers/////

The river management design lines are in place throughout the western rivers: Ruamahanga,
Waingawa and Waipoua. There are no design lines on the eastern rivers: Kopuaranga, Taueru
and Whangaehu. Vegetated buffers are not proposed on these rivers, but riparian planting

may still be appropriate.

The buffer areas in the western rivers vary in width. To view the buffer lines please refer to

the GIS mapping on www.tekauru.co.nz.

River dynamics

The upper Wairarapa valley rivers are connected and therefore when there is a rainfall event
it will generally affect all of the rivers. The western rivers are gravel based, wide rivers,
whereas the eastern rivers are narrow soft, silt based. Below is a brief summary of each rivers

characteristics.

Western rivers:

Ruamahanga River

The Ruamahanga River is well known for its flood events.

The bed of the river had previously been badly choked by willows, restricting flood flows,


http://www.dairynz.co.nz/news/latest-
http://www.tekauru.co.nz/

and the channel was of inadequate size for the floodwater volumes and of irregular

alignment.

Various river management schemes were subsequently implemented to provide river
alignment stabilisation, bank edge protection, and improved stopbanks to reduce the

incidence of flooding to adjacent floodplain along many sections of the river.

Waingawa River

The Waingawa River is very steep and powerful, and exists in an entrenched fairly tight,
naturally confined floodplain.

Flooding risk from the Waingawa is limited due to its entrenched form, but erosion is
significant. Due to steepness the river runs fast and during a flood event will reshape its

channel.

Waipoua River

The Waipoua River is a potential flood risk to Masterton.



The flood risk from the Waipoua can be compounded by the backwater effects of flooding in
the Ruamahanga River. Due to this the Waipoua was substantially modified and straightened

in the 1930s and 1940s along with establishment of stopbanks.

Eastern rivers:

The Kopuaranga, Taueru and Whangaehu Rivers have all experienced significant flood




events.

During the 1960s and 1970s crack willow was planted to manage flood hazards. However,
these willows eventually led to significant erosion and chocking of the river channel. In some
instances the river channels migrated to adjoining areas and as a result caused an increase in

sedimentation which in turn further constricted the channel.

Specific Questions

1. How does the river benefit from more room?

a. Natural Character
Natural character is the natural condition of the river before any modification has occurred.

Natural character is referenced within section 6 of the Resource Management Act. Section 6
(a) states ‘In achieving the purpose of this Act, all persons exercising functions and powers
under it, in relation to managing the use, development, and protection of natural and
physical resources, shall recognise and provide for the following matters of national
importance...the preservation of the natural character of the coastal environment (including
the coastal marine area), wetlands, and lakes and rivers and their margins, and the

protection of them from inappropriate subdivision, use, and development .

Natural Character (NC) is not natural state or naturalness (Figure 2) but rather “is that
dimension of its character which is an expression of nature, and also may include
anthropogenic values including cultural, aesthetic etc.”, and includes the extent to which
natural elements, patterns and processes occur. This distinction may seem rather arbitrary, but
can be extremely important. If you define natural character as naturalness people
automatically decide that modified systems have limited or no natural character, and so
potentially have reduced value and or limited opportunity for restoration or enhancement,
unless you put the catchment back into native forest, or similar that was present in the 1800s
(which also may be short sighted temporally)? If the term natural character is defined as
meaning naturalness, this limits the meaning of Natural Character in the RMA. When you

define natural character as “that dimension of its character which is an expression of nature”,



then you find you can have natural character in modified systems, and that you can maintain
Natural Character in managed systems e.g. it can be used as a tool to inform better river

management practices and protect ecological integrity.

This definition is more in line with decisions from the Environment Court law. The
ecological description of natural character was identified and protected in the Ministry of
Works and Development v Marlborough Sounds Planning Authority judgment where
ecological processes were considered as being part of the area’s natural character. However,
judicial protection has not just extended to natural character of unmodified landscapes. In the
Southland Airport case the character of the modified or cultural landscape was deemed to
have value and deserve protection, and the judge declined the application in favor of the
appellant’s amenity and enjoyment values including tranquility. In Brook Weatherwell
Johnson v Tasman District Council the judge ruled that a modified hill overlooking Motupipi

estuary had natural character worthy of protection.

Rivers are not static systems they are dynamic, changing temporally and spatially, in
response to changes in catchment and climatic characteristics, as such the components of
natural character change. Each river comprises a unique assemblage of morphological
components (bars, riffles, pools, runs), reflecting the unique flow regime conditioned by
runoff from the catchment; unique sediment supply, both in terms of volume and calibre
(size); and unique channel boundary conditions, notably bank composition and channel
gradient. The precise morphology and character of a reach reflects the unique combination of
these variables. River channels which have adjusted to an equilibrium form within their
framework of sediment and flow regime within the boundary conditions of a catchment
should not be considered to be absolutely stable. Stability is relative and natural systems are
dynamic, responding to discrete flood events in particular. Well-adjusted river systems are
best understood as operating within a dynamic equilibrium. River morphology adjusts to
subtle changes in flow and sediment supplied to the system from the catchment. Whilst
boundary conditions (gradient and bank composition) could be considered as being relatively
constant, discharge and sediment supplied to a river is highly variable, responding to discrete
natural events (e.g. storms, landslides). Rivers are therefore naturally dynamic and responsive
systems, adjusting their form in response to changes in key channel forming variables on an

event basis. The natural character of rivers is dynamic.

Gary Williams writes that “the natural character of a river reach, in its physical expression,



depends on the intensity of the flow forces, the supply of sediments to the reach, and the
resistance of the channel bed and banks. It is more a matter of the processes at work than a
specific state of channel condition. The channel dynamic and form will be different, but the
difference will be the same as occurs along rivers naturally, as the formative influences
change in strength or intensity”. That is catchments vary throughout New Zealand, and over
time, and rivers adjust to maintain a state of dynamic stability for example a river which was
once glacial and then becomes temperate forested and free flowing over time has the same
degree of natural character, even if its characteristics have altered. Likewise human
modification may change a rivers natural character by managing the river channel but this
does not necessarily mean that the river has lost all natural character if the river maintains its

dynamic state and its processes continue to support ecological integrity.



Figure 2. lllustrative examples of rivers with high (left) and low (right) natural character.




Where the equilibrium form of the river is wider, giving more room for the river allows for
the natural equilibrium channel to develop (Biron et al., 2014; Buffin-Belanger et al., 2015;
Fuller & Death, 2018; Fuller & Death, in press). River corridors that are over-narrow restrict
development of these natural equilibrium forms and the resulting river morphology will
reduce diversity. This requires a spiraling need for more and more engineering to force the
river into its “preferred” channel (Biron et al., 2014). In the worst case scenario the river may
even avulse from the original channel. When the channel is constrained sediment builds up
aggrading the river up to, and potentially over stopbanks (Sinha, 2009). This may have
catastrophic effects on human life and property. The Kosi River in eastern India avulsed in
August 2008 killing up to 150 people and displacing a further 30 million (Sinha, 2009).
Engineered avulsions in the Yellow River, China, in 1931 are believed to have killed up to 3
million people (Zhuang & Kidder, 2014).

The equilibrium form of the river adjusts to catchment boundary conditions (slope, geology,
climate, vegetation, sediment supply, discharge), where these conditions change, or are
changed, e.g. by forest clearance, the natural form of the river adjusts to the new variables
and the channel changes in response. Geomorphological effects of future climate on rivers
remain difficult to ascertain (Kiss & Blanka, 2012), but it seems clear that sediment transport
dynamics will be altered (Radoane et al., 2013). Where discharge and sediment supply
increases, as is the case in response to land clearance, the river channel will naturally widen;
trying to maintain a narrowed corridor works against these processes and reduces the

diversity in morphology that natural processes would tend to develop.

Allowing river processes to occur over a greater width effectively provides greater potential
for natural ecogeomorphic processes (= natural character). (Biron et al., 2014) found that a
minimum space of approximately 1.7 times the channel width was appropriate for
accommodating smaller floods in three Canadian rivers but wider channels were needed for
larger floods. This potentially allows reestablishment of vegetated boundaries (as would have
existed prior to European colonization) in a manner that is currently being suppressed by

recurrent spraying and removal of woody vegetation from bars and floodplains.

River banks are often protected with concrete and channels straightened, decreasing
complexity in geomorphic structure, with limited consideration of the interactions between

channel morphology and sediment transfer (Darby & Thorne, 1995; Fuller et al., 2011).



Where the natural behaviour of the reach or system being managed is not properly
understood, engineering failure may occur as the river channel adjusts to remove or work
around its imposed engineered ‘straightjacket’. Hardening banks and constraining what
would otherwise be laterally active channels, tends to result in bed scour. This results from
excess stream power and deepens the channel. The process is self-perpetuating as the channel
deepens, flows become further confined within-channel and armoured banks, further
increasing scour. In containing larger floods and concentrating flows, entrenched channels
generate higher transport capacities, resulting in the mobilisation of large volumes of bedload
and further bed degradation (Fryirs & Brierley, 2001).

Such degradation is commonly observed in laterally constrained rivers (Gilvear &
Winterbottom, 1992; Wishart, Warburton & Bracken, 2008) and these types of channels are
frequently engineered, which further reduces geomorphic diversity. In the Rangitikei River in
New Zealand, channel straightening to protect urban areas and bridges has channelized a
formerly braided river (Fuller et al., 2012), which is now undermining the banks as the
channel degrades requiring further engineering works. Engineered reaches thus remain
unstable, often with different dimensions from their natural counterparts.

Allowing the river channel to adopt a more natural form will probably result in the river
adjusting considerably over the short term. However, in the longer term, it will allow for
more sediment transport and less risk of high flows breaching the wider river corridor into
people’s houses and farms. The more natural the channel flood plain the less the avulsion risk
and the greater the potential for the river to look after itself. The changes could be monitored
with drone mapping, cross-section profiling and/or measuring the Habitat Quality Index
(HQI) at key locations (Death, Fuller & Death, in prep).

b. Aquatic life

The importance of both instream and flood-plain habitat in affecting riverine biological
communities has always been widely understood, and integral to interpreting most stream
ecology research (Hynes, 1970; Hynes, 1975). The river ecosystem does not end at the
water’s edge but is intimately linked to the wider flood plain. The influence of the channel
shape in determining river ecosystem structure and function often forms the underlying
framework for many hypotheses in stream ecology such as the River Continuum Concept
(Vannote et al., 1980), Network Dynamics Hypothesis (Benda et al., 2004) and the Riverine



Ecosystem Synthesis (Thorp, Thoms & Delong, 2006; Thorp, Thoms & Delong, 2008). At
the individual species level the habitat and geomorphological requirements of salmonids have
probably received the most attention (e.g., (Kondolf, 2000; Fukushima, 2001; Sear &
DeVries, 2008; Wheaton et al., 2010). However, the habitat requirements for other
freshwater fish and invertebrates have also received considerable attention highlighting their
critical importance (Death, 2000; Helfman, 2007; Barnes, Vaughan & Ormerod, 2013;
Gorski et al., 2013; Koehn & Kennard, 2013). Although different species and/or life stages
have particular habitat requirements the more diverse and natural the river channel the

healthier and more natural the biological community.

The link between geomorphological changes in river morphology and how they impact on the
associated river biota has been widely considered in the literature (Newson & Newson, 2000;
Stallins, 2006; Vaughan et al., 2009; Brierley et al., 2010; Darby, 2010; Poole, 2010;
Rice, Lancaster & Kemp, 2010). If river morphology is altered then so too is the habitat for
the animals and plants living within that river. Although there are surprisingly few studies
that specifically quantify the linkages between river morphology and the organisms that
inhabit those rivers (Vaughan & Ormerod, 2010; Gorski et al., 2013; Gostner et al., 2013).
(Elosegi, Diez & Mutz, 2010; Elosegi & Sabater, 2013) in their review of the effects of
human modification of riverine geomorphological character on biodiversity and ecosystem
function concluded this lack of research was a result of the highly variable nature of
geomorphology depending on climate, geology, catchment position, land use and flow

regulation.

Floods are critical structuring forces for stream invertebrate populations and communities
(Resh et al., 1988; Lake, 2000; Death, 2008). This has even led a number of ecologists to
advocate the return of natural flood regimes (the natural flow paradigm) to regulated rivers as
one mechanism for maintaining the ecological integrity of downstream reaches (Poff et al.,
1997). However, floods are projected to increase in size and frequency (Death, Fuller &
Macklin, 2015). The effects of these larger floods on riverine biological communities will be
exacerbated by river engineering to protect the increasing threat to human life and
infrastructure (Wilby, Beven & Reynard, 2008; Jongman et al., 2014). River management
for flood protection has tended to focus on maintaining a ‘stable’ channel form to maximize
flood conveyance, which has not usually benefited biota (Darby & Thorne, 1995; Harvey &
Wallerstein, 2009). There are few species that occupy the fast deep channels created by such

engineering. River banks are often protected with concrete and channels straightened, with



geomorphic diversity and complexity removed (Darby & Thorne, 1995; Fuller et al., 2011).
Undercut banks, instream wood and overhanging vegetation are removed to facilitate the
rapid removal of water during floods. These all provide habitats for a wide range of biota
permanently or during floods. Native galaxiid fish in New Zealand repeatedly seek refuge
under particular large boulders during floods despite spending the rest of their time some
distance away along the stream reach (McEwan & Joy, 2013). Some fish move away from
the main channel and some invertebrates may similarly be capable of sensing substratum
movement and escape to side channels to avoid being washed away (Gibbins et al., 2005;
Death, 2008; McEwan & Joy, 2013). However, if channelization and/or fragmentation have

removed their escape routes, survival may be impossible.

Riparian areas are also critical habitat for many species and the exposed dry area of river
beds created by floods are used by a wide range of birds, reptiles, plants and invertebrates
(Baxter, Fausch & Saunders, 2005; Keedwell, 2005; Steward et al., 2011).

(Buffin-Belanger et al., 2015) calculated the economic value of ecosystem services provided
by riparian wetlands and increased buffer zones within a wider flood plain of three Canadian
rivers. They found enhanced value ranging fromCDN$0.7 to $3.7 million for the three rivers,
with ratios of benefits over costs ranging between 1.5:1 and 4.8:1 over a 50-year period.

c. Water quality

Although many perceive channelized floodways as a rapid vehicle for removing nutrients and
other chemical contaminates. These chemicals inevitably end up in the coastal marine
ecosystems where they can have an equally detrimental impact. If the river is provided with a
more natural flood plain this can benefit water quality by allowing for great denitrification.
Historically wetlands and flood plains would serve as areas where water ponded and allowed
bacterial communities to denitrify many of the nutrients from the water column (Hill, Vidon
& Langat, 2004; Greenwood et al., 2012). In fact, artificial flood plains, termed two-stage
ditches, are being adopted in agricultural streams as a mitigation strategy to reduce nutrients
(Davis et al., 2015; Mahl et al., 2015; Roley et al., 2016; Faust et al., 2017).

In mid- to downstream reaches, there is some potential for increases in floodplain vegetation

to attenuate pollutants e.g., Manuka is believed to filter nitrogen. The greatest effect would



however be where adopted width increases result in channel dynamics (i.e. periodic
abandonment) that produce off-channel wetlands which could provide filtration benefits

along the margins.

Deposited and suspended sediment is the other major potential contributor to declines in
water quality. The effect of channel widening on sediment transport (see above) is complex.
There will clearly be some increases as the channel adapts and accommodates to the new
morphology, however increased sediment transport is an unavoidable consequence of
anthropogenic changes in land use. If the channel is too constrained this sediment will
aggrade and potentially result in channel avulsion, or at least require expensive human
intervention to prevent it. Increased deposited and suspended sediment is not ideal but
allowing a greater diversity and complexity in the channel form will hopefully allow for areas
of both scouring and deposition more characteristic of a natural river. In turn these sediment
dynamics are what most of the highly mobile river biota are used to and will allow them to

respond as they have been for millennia.

d. Water quantity

In general water quantity is unlikely to be affected by giving the river more room, although it
is possible that in its widened corridor, flow is distributed across multiple channels, with

some channels being of an ephemeral nature

The collective increase in floodplain roughness (e.g. from vegetation) as well as channel form
-roughness (e.g. from increased hydraulic complexity) might be expected to increase

downstream lag times. This has some potential to attenuate flow peaks, but to what degree is
unknown. If the creation or linkage with wetlands is included this attenuation ability could be

greatly increased.

e. Cultural values

Allowing the river more room re-connects the river with its corridor and adjacent floodplain.
This may have significant cultural value, since iwi value the catchment as a whole and with

its parts functioning connections (slopes-channels-floodplains).

Potentially, greater opportunities for edible and medicinal plants to become established and



persist. Increased potential for off-channel, secondary channel, and/or wetland habitats to

form and persist (e.g. that would benefit eels).

2. How does the river benefit from a planted riparian buffer?

Introduction

Riparian strips are vegetated areas that extend along streams, usually forested, which help
shade and partially protect the waterway from the impact of adjacent land uses. The riparian
zone forms a natural buffer between the surrounding land and waterways. The protection and
management of the riparian zone may have important implications for channel form, water
quality and biodiversity (Renouf & Harding, 2015). Riparian zones are the interface between
the aquatic and the terrestrial ecosystems which connect and affect the ecological functions of
both systems (Gregory et al., 1991; Naiman & Decamps, 1997; Naiman, Decamps &
MccClain, 2005). Riparian zones contribute with valuable biodiversity and ecosystem services,
which are important for regulating flow and nutrient transport in waterways. Riparian buffer
strips play a key role in improving water quality in associated waterways, and are widely
promoted as a “best management practice” by agricultural agencies, environmental groups and

regional councils.

What are riparian buffer strips?

Riparian buffer strips (RBS) encompass the vegetated strips of land that extends along streams
and rivers (Quinn, Cooper & Williamson, 1993; Martin et al., 1999). This can range from a
single strip of vegetation (grass filter strips) from which livestock or other agricultural
activities are excluded, to a completely vegetated native forest riparian strip (Parkyn, 2004)
(Figure 3.).
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Figure 3 The riparian zone is the land beside the stream that interacts with runoff from

hillslopes and stream water when this overflows into the floodplain.

Riparian functions

Riparian buffer zones are often advocated as environmental management tools for reducing
impacts of land use activities on water quality (Parkyn et al., 2003; Parkyn, 2004; Yuan,
Bingner & Locke, 2009a; Weller, Baker & Jordan, 2011). As the interface between terrestrial
and aquatic environments, they have an extremely large influence on stream water quality
relative to stream size (Quinn, Suren & Meurk, 2003; Boothroyd et al., 2004; Harding, 2009).
Importantly, they sustain water quality by sequestering nutrients and faecal contaminants
(Fennessy & Cronk, 1997; Quinn, Suren & Meurk, 2003; Collins et al., 2004; Parkyn, 2004;
Aye et al., 2006; Collins et al., 2007; Yuan, Bingner & Locke, 2009a; Weller, Baker &
Jordan, 2011; Roberts, Stutter & Haygarth, 2012), regulate instream and forest temperature
(Collier et al., 1995; Davies-Colley, Payne & Van Elswijk, 2000; Meleason & Quinn, 2004;
DeWalle, 2010), limit soil erosion (Weller, Correll & Jordan, 1994; Abu-Zreig, Rudra &
Whiteley, 2001; Gharabaghi et al., 2002; Mankin et al., 2007; Helmers et al., 2012; Mayer
et al., 2014; Sweeney & Newbold, 2014a) and maintain instream biodiversity (Barling &
Moore, 1994; Collier et al., 1995; Davies-Colley, Payne & Van Elswijk, 2000; Corbacho,
Sanchez & Costillo, 2003; Parkyn et al., 2003; Boothroyd et al., 2004; Meleason & Quinn,
2004; Parkyn, 2004).

An understanding of how riparian zones function is very important when designing riparian



management strategies. Riparian functions are expanded on in Table 1

Key Riparian Functions

Explanatory notes

Geomorphic and hydraulic characteristics

Stream bank stability

The root systems of trees and grasses strengthen
streambanks, whilst groundcover reduces surface erosion and

undercutting

Downstream flood control

Well-developed riparian zones increase the roughness of
stream margins, slowing down flood flows; reducing peak

flows downstream

Habitats

Habitats for aquatic

invertebrates

Well-developed riparian zones provide suitable habitats and
food sources for both the adult (terrestrial) and juvenile (in-

stream) phases of stream insects

Instream habitats for native

fish and trout

The overhanging branches, tree roots and woody debris
enhance habitat diversity and create spawning grounds for
native fish (such as Inanga), trout and crayfish

Links riparian and terrestrial

vegetation

Riparian zones provide ecological corridors for birds and
terrestrial wildlife, although the spread of weed species can

also be facilitated this way

Improves aesthetic and

landscape values

Provides recreational opportunities and values

Wat

er quality and habitat characteristics

Shade for stream temperature

Riparian buffer zones maintain lower summer maximum
temperatures. Removal of shade can result in summer
temperatures that can be lethal to some invertebrates (most
invertebrates have an upper threshold for survival which can
be comparatively low e.g. 19C for stoneflies), or winter

temperatures that are too warm for successful trout fishing




Shade for periphyton control High light levels can exacerbate periphyton growth, leading
to increases in instream primary production, reduced DO, and

changes the invertebrate community composition

Woody debris and leaf litter Riparian trees supply food to stream invertebrates and fish in
input the form of leaf litter, insects and microorganisms
Improves fish passage Overhanging vegetation protects migrating fish from

predators and light

Contaminant buffer

Filtering surface flow Grassy vegetation reduces the velocity of surface flow,
enhancing settling and infiltration of particles. Filtering and

nutrient uptake by plants and microbes follows

Plant nutrient uptake from The roots of riparian plants intercept groundwater, reducing
groundwater nutrient input to streams
Denitrification N control Denitrifying bacteria in riparian soils can remove substantial

quantities of dissolved nitrate from groundwater, expelling
this to the atmosphere as nitrogen gases

Control of direct animal Preventing direct access of stock to waterways prevents
waste input compaction and erosion damage to streambanks, as well as
direct input of nutrients and faecal pathogens in the form of

dung and urine

a. Natural character

Vegetation is an essential element of the river’s “natural character”. Increased lateral channel
migration may be expected during an initial transition period, meaning plant stock installed
by humans will need to be overplanted. Depending on the river and reach in question, it is
possible that recovery of more stable channel forms may not occur without supplemental
treatments. Such treatments would need to increase local resistance to facilitate more stable
non-channel units where vegetation will be able to establish and persist. An initial wait-and-

see period would be appropriate, but, again depends on the reach in question.

The natural character of the river will be improved where the river corridor is (a) widened



and (b) has a buffer planted with native vegetation. But planting should not proceed until an
equilibrium width has been attained or determined, because the river will widen via bank
erosion, thus removing any plantings in this zone. Once a suitable width has been attained,
planting of the buffer will provide a potential wood source for recruitment, which will add

diversity to the river morphology and form. Some erosion of this buffer should be expected.

b. Aquatic life

As with the expansion of the river corridor, riparian zones increase habitat diversity and
connectivity with other habitats. The greatest improvements in habitat diversity are likely to
occur when riparian management involves planted trees or remnant forest rather than simply
a grass strip (Parkyn & Smith, 2011).

The principal effect of the riparian buffer is to act as a barrier to nutrients, sediment,
pathogens and other potential contaminants running off the land and to prevent it entering the
waterway (see below). It will also stabilise stream banks and limit erosion and undercutting.
The reduced inputs of fine suspended sediment following bank stabilisation may also
improve conditions for migrating fish such as the banded kokopu, whose juvenile migrations
are adversely affected when turbidity increases (Death & Joy, 2015; Holmes et al., 2016).
The vegetation can also take up some of the nutrients. If a forested riparian zone exists this
can also serve to limit light reaching the stream bed, preventing excessive periphyton growth.
Water temperatures may also be are reduced if sufficient lengths of upstream shade exist,
leading to improvements in invertebrate communities (Parkyn & Smith, 2011; Feld et al.,
2018). This can be important as many New Zealand stream invertebrates such as mayflies
and stoneflies, are sensitive to water temperatures over 20°C, temperatures which are often

exceeded in open pastures (Quinn et al., 1994).

The riparian buffer zone can also provide suitable habitat for the adult stages of many aquatic
invertebrates (the in water life stage of many aquatic animals is the juvenile form with
winged adults emerging from the water to mate and reproduce) (Collier & Scarsbrook, 2000;
Collier & Winterbourn, 2000; Smith et al., 2002; Smith & Collier, 2005). Furthermore, the
air temperatures and humidity are lowered with riparian plantings, and wind exposure is
reduced in the riparian zone where some invertebrates spend the adult stage of their lives and
some native fish such as the banded kokopu and short-jawed kokopu lay their eggs (Collier &

Smith, 2000; Davies-Colley, Payne & Van Elswijk, 2000). Terrestrial insects and mammals



from riparian zones often form a major component of the diet for many native and sport fish
at certain times of the year (Main, 1988; McDowall, 1990).

Riparian buffer zones, particularly those with forested vegetation, are also important for
providing instream habitat for native fish and trout by enhancing habitat diversity (e.g.,
overhanging branches, bank under cutting), creating pools and areas of day time and flood
refuge. Grassy or forested river banks also provide spawning habitat for Inanga and other

Galaxias species, respectively.

Riparian planting influences instream biodiversity by providing woody debris as tress fall
into streams, providing habitat diversity and cover for aquatic invertebrates, fish and
freshwater crayfish (Martin et al., 1999; Parkyn et al., 2003; Parkyn, 2004; Hawes &
Smith, 2005; Sweeney & Newbold, 2014a). Riparian plantings also increase the shade and
food sources (such as leaves) (Collier & Smith, 2000).

Thus riparian buffer zones also serve to maintain the proper ecological functioning of instream

ecosystems.

c. Water quality

One of the most important functions of riparian buffers is enhanced infiltration of surface
runoff (Abu-Zreig, Rudra & Whiteley, 2001; Gharabaghi et al., 2002; Hawes & Smith,
2005; Mankin et al., 2007; Collins et al., 2011; Helmers et al., 2012; Sweeney & Newbold,
2014a). Buffer zones, particularly grass filter strips, can reduce diffuse pollutant transport by
providing flow resistance which reduces the flow velocity and thus the sediment transport
capacity of surface runoff. This leads to enhanced deposition of sediment and sediment
associated pollutants (particulate P and N). These slower flows also regulate the volume of
water entering rivers and streams, thereby minimizing flood events and scouring of the
streambed (Hawes & Smith, 2005).

Increased infiltration can occur in buffer zones due to the change in soil structure associated
with the change in vegetation type. If stock is excluded from the zone, infiltration capacity is

also increased due to lack of compaction by trampling (Collier et al., 1995).

There are several mechanisms for the removal of soluble nutrients — largely N - from

subsurface flow. Chemical processes such as denitrification remove dissolved nitrates in the



form of N gases, a process that is particularly effective in carbon rich soils, such as in riparian
zones (Weller, Correll & Jordan, 1994; Neilen et al., 2017). Plant uptake also removes
soluble nutrients, and eventually returns nitrogen to the system as the plants die and
decompose (Weller, Correll & Jordan, 1994). Furthermore, the longer the effluent resides in
the soil's active root zone, the greater the opportunity for microbial bacteria to die off
(Houlbrooke et al., 2004; Collins et al., 2010).

There is an issue with microbe and nutrient removal from subsurface flow in agricultural
systems however. Subsurface artificial drains often underlie dairy pastures where soils have
poor natural drainage. Although these drains effectively reduce soil saturation and the
generation of surface runoff, they also rapidly transport both microbes and nutrients straight
to the waterways, bypassing the riparian zone and any chance for uptake (Hawes & Smith,
2005; Collins et al., 2007). In addition, on soils with a high degree of preferential flow
(water flows through soil cracks, large pores and worm channels rather than through the fine
pores of the soil matrix), soil-water contact is minimal (Collins et al., 2007). This provides
little opportunity for the filtration of adsorption of microbes or nutrients. Pollutants can
therefore be easily transported to subsurface drains (and subsequently waterways or
groundwater) (Collins et al., 2007).

d. Cultural values

As above, a planted riparian buffer, particularly one with native vegetation will make for a
healthier awa that is valued by most Tangata whenua. A healthier river can also provide for
more abundant and healthier mahinga kai (Death et al., 2017b) provided that access to that

kai is not limited by engineering and planting works.

e. Help stabilize the buffers and assist with maintenance

A widened channel with more room to move would be expected to put less pressure on banks,
so the buffer zones are likely to be retained, if the equilibrium channel develops. However,
there will always be a tendency for lateral shift. It should be easier to keep the river with a

much wider corridor than it is a narrow one.

Without resistant elements (e.g. mature vegetation or wood jams), it is possible that localized

aggradation may occur at some reaches/sub-reaches if sufficient depth does not develop to



maintain sediment transport. This is a potential risk in transitioning management schemes. It
may thus still be necessary for some intervention (e.g. gravel extraction) if this occurs to prevent

avulsion. There is the potential with this of a premature declaration that a room-to-move approach is

too risky as the river adjusts to its new morphology.

f.  Opportunities for riparian plants to be used for food, stock food and pharmaceuticals.

Many native riparian plants have been used historically for cooking (e.g., Horopito, kawakawa),
textiles (flax) and traditional medicine (e.g. kawakawa). Furthermore, many of these same plants are
being utilised more and more in modern commercialised ventures (e.g. Manuka honey). Judicious
planting and maintenance of diversity may provide additional returns over and above those of river

management.

3. How could we assess effectiveness of the room-to-move management

Giving the river more room has the potential to become the template for future management
of rivers. So | would recommend expending some time and effort in assessing how effective
the strategy is, to investigate not only its potential in the Ruahmahanga, but also the potential
benefits for other rivers in the region. From this perspective it might be useful for the
Innovative River Solutions team at Massey to become more directly involved. Irrespective of
whether funding is available for student research we could develop potential graduate and
undergraduate studies around what is in essence a large experiment. In fact it would also be
very interesting to also incorporate the social and cultural aspects of the project with other

areas of expertise at Massey that we work with.

The challenge is that allowing the river channel to adopt a more natural form will probably
result in the river adjusting considerably over the short term. But, in the longer term, it will
allow for more sediment transport and less risk of high flows breaching the wider river
corridor into people’s houses and farms. The more natural the channel flood plain the less the

avulsion risk and the greater the potential for the river to look after itself.

It would be sensible to measure channel morphology over time, perhaps using drone or aerial
photography and to report those changes using the Habitat Quality Index (HQI) (Death,
Fuller & Death, in prep). Other potential monitoring could include river cross-sections, depth



distributions, bank vegetation canopy and the caliber of floodplain trees.

Assessing the biological response to giving the river more room will also be very
challenging. Many other factors, such has high nutrient levels, are likely to be having an
equally powerful effect on the river biota. Although fish are the organisms most likely to
benefit directly from the morphological changes, however, they are also the organisms most
limited by other activities in the catchment such as access (Death et al., 2017a). Again the
native fish HQI might be the best way to assess the potential improvements in fish habitat.
Invertebrates are probably less likely to respond as directly to habitat changes but are
considerably easier to measure and link with local changes in the environment. So while | do
not recommend reporting the usual water quality biological metrics from invertebrate
monitoring (e.g. MCI, QMCI) reporting invertebrate indicators such as EPT and
geomorphological indicator species (e.g., elmid beetle larvae that we are developing at

Massey). Monitoring once a year at key locations should be more than adequate.

An assessment of cultural health by the local Tangata whenua would also be very useful and

may assist with them being incorporated into the project as real partners.

4. What would be the perceived risks of the proposal to plant the buffers? How might

we quantify these risks?

As mentioned earlier there will be considerable adjustment to the river morphology as the
channel moves from a more constrained position to one with more room. Clearly this will
depend on an array of complex reach specific criteria e.g. how constrained the current
channel is, how much more room is provided for the river, current sediment levels and
supply. There is definitely the potential that increased roughness, sediment migration and
channel realignment may cause unexpected deform of active channels and potentially
overtopping or avulsion. Buffers may also be eroded with lateral channel shift. The balance
between giving the river more room for its natural hydromorphology and the constraints of
current infrastructure and channel form will be difficult, hence the adaptive monitoring
mentioned above. An assessment of current floodplain morphology and the proposed “new”
river form is probably best assessed with channel and river corridor surveys using LIDAR

and/or drones. This could potentially be worked into a risk assessment map of flood potential.



5. If we allow the river to erode into the buffers and then undertake larger scale river

works, will this have more of an effect than if we did smaller river works more often?

This is an extremely difficult question to answer. Clearly more works will be required as the
channel adjusts to its new form. Ideally, the wider the corridor the less the need for
intervention, so smaller works could be used to keep the river in this widened form.
However, this will again depend on the specific reaches. Is the river allowed the full channel
capacity or is it simply a little more room? Careful planning mentioned above and monitoring

of how the channel adjusts will be needed, at least initially.

Rapid colonization of exposed gravel by weeds may result in a re-narrowing of the active
channel, which heightens the risk of unpredictable channel switching / avulsion within the
corridor. Clearing of weeds in the widened channel corridor will still be required, to maintain

a mobile channel and bar configuration.

From the perspective of the river biota smaller more frequent intervention is probably
preferable (although there is no research on this to the best of my knowledge). The organisms
are well adapted to severe disturbances from floods (Death, 2008) and provided they have
suitable upstream colonization pathways they should recover relatively quickly to disturbance
of smaller river reaches (Death & Death, 2014).

6. How will giving the river more room impact on sediment supply from potential

bank erosion?

This question implies that room-to-move will result in more bank erosion than presently
occurs. This seems unlikely. There are many places where there are already accelerated rates
of bank erosion from current regime that strips vegetation. In my view, the primary benefit of
room-to-move is having a wider corridor where natural resisting elements (bar forms, bed
armor, and vegetation) are allowed to exist while still accommodating current design floods.
Once those stabilizing elements are in-place, erosion rates are likely to decrease from those at
present. As noted above, the critical consideration is the transition period and recognition that
not all reaches will respond the same way. Any potential short term increase in sediment will

hopefully be nullified by the longer term decreases.



7. Does the width of the buffer area dictate the overall benefits? For example, a wider

buffer is more beneficial than a narrow buffer?

The width of a buffer will determine its benefit (Parkyn, Shaw & Eades, 2000; Hickey &
Doran, 2004; Lee, Smyth & Boutin, 2004; Yuan, Bingner & Locke, 2009b; Shan et al.,
2014; Sweeney & Newbold, 2014b). In general the wider the buffer the greater the range and
quantile of benefit. Several studies have shown that efficient buffer widths can range from 5
m for bank stabilization and stream shading, to 20 m for self-sustaining buffers, to over 50 m
for biodiversity gains. Several meta-analyses have indicated that 30 m buffer strips are
needed to protect stream health (Zhang et al., 2010; Sweeney & Newbold, 2014a), while
others have recommended a 50 m buffer strip (Mayer et al., 2007). Although overall benefit
increases, the rate of increase declines as width increases (Yuan, Bingner & Locke, 2009b).

Ultimately, the width of a riparian buffer depends on the management objective.

Widths for effective sediment removal vary from one metre in relatively well drained flat
areas to as much as 60 m in steeper areas with more impermeable soils. On average, almost
70% of sediment can be removed by 5 m wide buffer. Gharabaghi et al. (2002) found that
almost all course sediment particles were captured in the first 5 m of a filter strip but 90%
could be removed with 16-20 m strips. Such high removal efficiencies can be achieved at this
width because fine sediments are able to infiltrate into the soil (Gharabaghi et al., 2002).
Sediment trapping efficiency did not vary by vegetation type; grass buffers and forest buffers

had similar sediment trapping efficiency.

The studies above focused on sediment trapping from overland flow the effectiveness of
riparian buffer strips for reducing stream bank erosion are less well studied, especially in
New Zealand. A review by Hughes (2016) found that the exclusion of livestock from riparian
areas was generally the principal factor in the measured improvements, rather than buffer
width or vegetation type. Furthermore, the establishment of riparian vegetation in pastoral
catchments may in some circumstances result in channel widening and hence increased
sediment input, at least during the phase needed for ‘adjustment’ to the new forest-like
conditions (Hughes, 2016).

To maximize biodiversity (Davies-Colley, Payne & Van Elswijk, 2000) found that at least a
40 m buffer is required to achieve comparable air temperatures to native forest. However,

Meleason and Quinn (2004) found that 5 m strips could reduce daily maximum temperature



from 30°C to 25°C in pasture. Riparian air temperature is equally important to instream
temperature for freshwater invertebrates as 50% of adult female stoneflies die at air
temperatures of 22-23°C (Collier & Smith, 2000). Collier et al. (1995) suggested that a single
line of fully grown trees can provide about 80% of shade for small streams and Meleason and
Quinn (2004) found even narrow buffers supported healthy stream invertebrate communities

in mature plantation Coromandel forest.

Daigneault, Eppink and Lee (2017) suggest that biodiversity gains may only begin at 20 -50
m buffer widths, while Sweeney and Newbold (2014a) meta-analysis concluded that riparian

areas should be at least 30 m wide to protect key aspects of forested small stream ecosystems.

The length of the riparian buffer may be more important than the width. (Parkyn et al., 2003)
found improvement in invertebrate communities only occurred with temperature decreases
associated with full canopy closure Furthermore, patches of remnant forest are often refuges
for recolonising stream invertebrate species, meaning that only when riparian buffers and
forest patches are connected through riparian corridors (Parkyn et al., 2003). Thus, planting

entire stream reaches from the headwaters to the mouth would be the best solution.

The benefits from a given buffer width will also vary with the surrounding land use, soil type,
bank slope, type and density of riparian vegetation.

As slope increases, the speed at which water flows over and through the buffer increases.
Therefore, the steeper the land within the buffer, the wider it needs to be to have time to slow
the flow of water and absorb the pollutants and sediments within it (Hawes & Smith, 2005).
In both the USA (Wenger, 1999) and Australia (Barling & Moore, 1994), recommended

buffer widths include slope as an integral factor
Buffer width = 15.2 + 0.61 per 1% of slope (m) (Wenger, 1999)
Buffer width = 8 + 0.65 x slope (m) (Barling & Moore, 1994)

(Collier et al., 1995) presented a table to relate land slope, drainage and proportion of soil as
clay to the efficiency of buffer strip widths. Generally, buffer widths will have to widen as
the slope length, angle, and clay content of the adjacent land increase and as soil drainage

decreases.

Similarly soil type affects how quickly water can be absorbed. Soils that are high in clay are



less permeable have greater runoff. Conversely, soils that are largely made up of sand may
drain water so rapidly into the groundwater that roots are not able to effectively trap
pollutants (Hawes & Smith, 2005; Allaire et al., 2015).

Structurally diverse riparian buffers, i.e. those that contain a mix of trees, shrubs and grasses,
are much more effective riparian buffers than solely trees or grass (Hawes & Smith, 2005).
For example, removal efficiencies range from 61% of the nitrate, 72% of the total
phosphorous and 44% of the orthophosphates from grass buffers to 92% of the nitrate 93% of
the total phosphorous and 85% of the orthophosphates from combined grass and woody
buffers (Jontos, 2004).

Multi-tiered systems are the most popular form of riparian management recommended by
regional councils throughout New Zealand. These consist of a combination of buffers, where
native trees may be used beside the stream to enhance ecological function and biodiversity, a
buffer of production trees may occur outside of that, and a grass filter strip may occur on the
outermost edge. The combination of vegetation types (trees, grass and shrubs) helps
maximize the efficiency and diversity of benefits that the buffer provides (Borin et al., 2005;
Hawes & Smith, 2005; Blanco-Canqui, Gantzer & Anderson, 2006; Balestrini et al., 2011;
Aguiar Jr et al., 2015)

8. Will planting up the buffers but keeping the rivers within the inner management

line have the same effect?

It is highly unlikely. If constrained the river will continue to erode the planted buffer. It will
slow the process but ultimately the river will try to move where it wants to. Furthermore the
root depth of many riparian plants is quite shallow and erosion may even undermine below
the root line (Fig. 1).



Figure 4 Undercut banks below root zone (Photo A Neverman Landcare)
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