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EXECUTIVE SUMMARY

The extent and severity of human impacts upon ecosystems has begun to focus attention upon
conservation and rehabilitation measures that strive to improve environmental condition. To be
effective, a clear and realistic vision, adequately informed by our best available scientific
understanding, must underpin the rehabilitation process. Cross-disciplinary river science that outlines
controls on ecosystem structure and function are increasingly framed in relation to their landscape
setting at the catchment scale. A geomorphic template characterises the physical (landscape)
component of a river system. The River Styles® framework provides a tool by which this template can
be developed for any catchment. It supports an assessment of river character and behaviour, condition,
and recovery potential. These insights can be used to frame management strategies. In this report we
apply this tool in the Twin Streams catchment in West Auckland.
The River Styles® framework provides a generic and open ended set of procedures comprising a
scientifically informed yet flexible sequence of four implementation stages. In Stage One, River
Styles® were classified based on a catchment-wide baseline survey of river character and behaviour.
Controls upon patterns of River Styles® were analysed. In Stage Two, river condition was assessed for
representative reaches of each River Style® in the catchment. Relevant geoindicators for each River
Style® were developed to identify ‘expected’ reference conditions, to which the condition of
representative reaches could be framed in relation to its response to urbanisation in this peri-urban
catchment. In Stage Three, future trajectory of change and geomorphic river recovery potential were
assessed for each River Style® based on historical record analysis and sediment analyses of
representative reaches. Recovery potential was then determined based on reach sensitivity, limiting
factors and pressures operating in this catchment. Stage Four involves the development of
management applications using the information gleaned from the first three stages. Direct involvement
with river managers is required to complete this component of the River Styles® framework.
The Twin Streams catchment comprises 60 km2, with three main tributaries originating from
headwaters in the Waitakere Ranges, draining into the main trunk stream of Henderson Creek.
Waikumete Stream drains into Oratia Stream, which then merges with Opanuku Stream to become
Henderson Creek. Uplands are geologically characterised by sedimentary and volcanic rock while the
lowland plain comprises alluvium. The Auckland region has a temperate climate. Somewhat higher
rainfall in the Waitakere Ranges provides a relatively warm and wet climate, in which streams
typically flow at fairly consistent levels throughout the year. The Waikumete has a relatively flat
longitudinal profile as this subcatchment does not have the characteristically steep headwater section
found along Oratia and Opanuku streams. The catchment was covered in kauri forest when Maori
settled some 600 years ago. Kauri logging was initiated by European settlers in 1849 and all accessible

Executive Summary

i

kauri had been cleared by 1866. Many streams were dammed and logs were floated down to the saw
mills. Today the catchment comprises upper catchment regenerating forests, mid-catchment pasture
and horticulture and urban development throughout the lower catchment and Waikumete subcatchment.
Nine River Styles® were defined in the Twin Streams catchment. Reaches within the Oratia and
Opanuku catchments are dominated by confined and partly confined valley settings. The confined
reaches are all characterised by a single, low sinuosity channel and include the Confined low sinuosity
gravel bed, the Confined low sinuosity mixed bed, and the Steep bedrock confined headwater River
Styles®. Partly confined reaches, comprising a single, low sinuosity channel, and deeply incised
floodplain pockets, include the Partly confined, low sinuosity, bedrock, gravel and cobble bed
(Opanuku and Oratia) and the Partly confined, low sinuosity, fine bed River Styles® (Opanuku and
Waikumete). The unconfined valley setting is largely comprised of the Unconfined low sinuosity with
tidal influence River Style® and is characterised by a continuous floodplain on both sides of the
channel. An Intact Valley Fill, also within a laterally unconfined setting, is only found in one tributary
headwater of the Waikumete sub-catchment, and comprises an intact swamp. Two anthropogenically
forced River Styles® are observed within the Waikumete catchment, classified as Piped and
Channelised River Styles®.
The catchment-wide distribution of River Styles® is presented in Figure 1. There is a general
downstream transition from hard bottom to soft bottom reaches in the Opanuku and Oratia
subcatchments. The Waikumete subcatchment, generally comprising soft bottom upper reaches, drains
into a gravel bed reach of Oratia Stream. All tributaries comprise soft bottom sediments by the time
they converge into Henderson Creek.
Results of the condition assessment for representative reaches of each River Style® are as follows:
• Confined, low sinuosity, gravel-bed: 5 in good condition, 2 in moderate condition, and 1 in poor
condition.
• Confined, low sinuosity, mixed-bed: 1 in good condition and 1 in poor condition
• Steep confined headwater: 1 in good condition.
• Intact Valley Fill: 1 in moderate condition.
• Partly confined, low sinuosity, bedrock, gravel and cobble bed: 3 in good condition, 1 in moderate
condition and 3 in poor condition
• Partly confined, low sinuosity, fine-bed: 2 in good condition and 2 in poor condition
• Unconfined, low sinuosity, tidal influenced: 2 in poor condition
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Figure 1 Twin Streams catchment-wide distribution of River Styles®

The distribution of geomorphic condition is presented in Figure 2. While local scale and catchmentwide variability was observed in the condition of rivers throughout the Twin Streams catchment, subcatchment specific patterns were identified in association with differing longitudinal patterns in
topography, geology, lithology and historical land use changes. Headwater reaches in the Waikumete
sub-catchment were found to be in relatively poor condition, due to the obvious degradation in
morphology associated with the Piped River Style®, loss of buffering wetlands, and the inability of
low stream power to flush excess sediment inputs. Despite poor condition upstream reaches and the
highly urban character of the surrounding land use, mid-catchment sites revealed localised areas that
retain geomorphic features in good condition. Headwaters of the Opanuku and Oratia trunk streams
reside in sediment source zones where regenerated native forests have allowed them to retain ‘good’
condition. Both mid-catchments have pasture and orchards in the top half and urban areas in the lower
section. Reaches follow a downstream degradation from headwaters in good condition, to mid-
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catchment reaches in moderate condition, to lower catchment reaches in poor condition. Poor
condition reaches were observed in all of the lower tributary reaches and in the main trunk of
Henderson Creek. This reflects low stream power, excess fine grained material accumulating in the
system and direct alteration of drainage via piping, channelisation and disconnected floodplains.
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Figure 2 Twin Streams catchment-wide distribution of geomorphic river condition

The geomorphic recovery trajectory for 8 representative reaches was assessed by relating responses to
human disturbance (i.e. movement away from an intact condition) and subsequent adjustments
towards either a restored, created or degraded condition. Assessment of the recovery trajectories in
sampled reaches is summarised as follows:
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• Opanuku-Pipeline Track and Oratia-Otimai Guide Camp (Confined low sinuosity gravel bed):
Despite substantial channel incision and localised channel widening produced by the tripping of
kauri dams, the historical pathway of degradation has not resulted in the breaching of process
thresholds. This reflects the resilience of these reaches. The return of roughness elements, such as
riffles and wood, indicates that these reaches are now moving along a restoration trajectory, and
today resemble their characteristic state prior to European disturbance.
• Oratia-Knock-na-gree (Partly confined low sinuosity bedrock gravel/cobble bed): The flux
boundary conditions under which the reach operates has been altered by the input of fine grain
sediment from upstream. However, regeneration of upstream forests has reduced the sediment flux,
allowing the return of a predominately gravel and cobble bed with a heterogeneous within-channel
geomorphic unit assemblage. This reach is considered to be moving along a restoration trajectory.
• Opanuku-Candia Road (Partly confined low sinuosity bedrock gravel/cobble bed): A deepened and
widened channel and reworked floodplains indicate that a pathway to degradation was initiated by
deforestation and operation of kauri dams. Adjustments continued with the subsequent increase in
sediment supplied via upstream flushing and pastoral and horticultural land use. The reach is now
adjusting towards a restored condition through the formation of new storage units (i.e. benches)
that reduce channel capacity. Instream geomorphic diversity has increased, and is thought to
resemble that of the pre-disturbance condition.
• Waikumete-Kaurilands Domain (Partly confined low sinuosity fine bed): The boundary conditions
under which this reach historically operated have been drastically altered as a consequence of
draining the intact valley fills. Restoration is no longer possible at this site. The stormwater
network now largely controls the hydraulic regime and the channel has adjusted to this altered flux
condition. There is capacity for further adjustment along the creation pathway as the riparian
margins is being restored, and as exotic plants are removed from the channel, but at present this
reach is following a pathway of degradation.
• Waikumete–Glen Eden Picnic Area (Partly confined low sinuosity fine bed): Following the initial
phase of channel expansion, incision and subsequent siltation, this reach has adjusted along a
pathway of restoration, as fine-grained materials have been flushed from the reach and geomorphic
heterogeneity has returned to some extent. However, with a secondary flush of fine-grained
sediment through the reach, the channel began to degrade from this condition. Today, as finegrained sediments are less dominant in the channel, it is inferred that the channel is beginning
along a secondary, pulsed restoration trajectory.
• Opanuku Stream–Cranwell Park (Unconfined low sinuosity with tidal influence) and Opanuku–
Border Road (Partly confined low sinuosity fine bed): Following the initial expansion, incision and
subsequent siltation of the channel in response to forest clearance, these channels followed a path
of degradation. Subsequently, they began on a pathway of creation, as fine-grained materials were
flushed from the reach, and geomorphic heterogeneity returned to some extent. However, with a
secondary flux of fine sediment, these channels began to degrade again. They are now following a
pathway of creation, as they are operating under altered boundary conditions in which the supply of
fine sediment exceeds the capacity of the flow to rework it.

The distribution of geomorphic condition is presented in Figure 3. From a catchment-wide
perspective, multiple phases of response have occurred at different positions in the catchment, as
streams have responded to a layer upon layer sequence of land use changes within a relatively short
period of time. Across much of the catchment, reaches continue to respond to the enlarged channel
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capacity that resulted from incision and lateral erosion following forest clearance. However, in less
resilient reaches and/or those which continue to be subjected to greater land use intensity, phases of
geomorphic recovery have been suppressed by further degradational influences, associated with
agricultural, horticultural and urban land use changes.
This implementation of the River Styles® framework in the Twin Streams catchment provides a
package of geomorphic information with which to develop a ‘plan of attack’ to guide the stream
rehabilitation process. Through application of this framework, interpretations of the spatial and
temporal causes of change provide a means to identify where manipulation is needed to enhance
recovery, facilitating cost-effective and efficient approaches that work towards a coherent catchment
vision.
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Figure 3 Twin Streams catchment-wide distribution of geomorphic river recovery potential
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SECTION 1
INTRODUCTION

“The flow of rivers is part of a greater flow, the planet’s water cycle, which sustains not only the flow
of water but the entire web of life.” Karr and Chu (2000:1)

The extent and severity of human impacts upon ecosystems is no longer a matter of conjecture
(Millennium Ecosystem Assessment, 2005). However, significant debates continue regarding societal
responses to this environmental degradation. To some, an era of environmental repair has begun,
focusing attention upon conservation and rehabilitation measures that strive to improve environmental
condition (Brierley and Fryirs, 2008). It is increasingly recognised that the process of environmental
repair is largely a social process – unless communities support such measures, and seek to sustain any
improvements that are achieved, our capacity for success is extremely limited.

However, the

environmental effectiveness of these measures will be limited unless a clear and realistic vision
underpins the rehabilitation process, and this process is adequately informed by our best available
scientific understanding. In the past, too much of our understanding has been piecemeal, conveying
fragmented, discipline-bound knowledge. In efforts to move beyond this situation, cross-disciplinary
perspectives that outline controls on ecosystem structure and function are increasingly framed in
relation to their landscape setting. Such applications are generally applied at the catchment scale. The
River Styles® framework provides a tool by which this can be achieved. In this report, we document
the application of his tool in the Twin Streams catchment in West Auckland.

In framing approaches to environmental management, proactive strategies are employed to address the
causes rather than the symptoms of environmental degradation. To achieve this, we need substantive
insight into how a system works, and controls upon its functionality. It is increasingly recognised that
the most effective, sustainable approaches to environmental management ‘work with nature’.
Typically, these measures strive to enhance natural recovery mechanisms. To gain this understanding,
we need to meaningfully describe a system, account for the way differing components of the system
interact, and explain how the system responds to disturbance events and evolves over time. With this
information in hand, we can analyse the trajectory of change of the system and predict likely system
futures.

A geomorphic template characterises the physical (landscape) component of a river system, and how
these components fit together at the catchment scale. Critically, the character and behaviour of any
given section (or reach) of a river reflects its position within a catchment, prevailing water and

Section 1 Introduction

1

sediment fluxes, and the history of disturbance events that may have altered river morphology. Each
reach has a memory of the past. In many instances, disturbances elsewhere in the catchment are
transferred downstream, such that their effects may not be evident for several decades. Understanding
of these lagged, off-site responses is critical in interpreting how rivers look and work today, and how
they are likely to operate in the future.

As geomorphic controls determine the distribution of erosional and depositional processes within a
catchment, they fashion river character and behaviour and the resulting pattern of habitat features
along river courses. Hence, measures of aquatic ecosystem functionality must be tied directly to this
physical template if they are to be meaningfully understood. Prior to considering the use of
geomorphology as a biophysical template and its application in the assessment of river health, some
basic principles of fluvial geomorphology are briefly reviewed.

1.1 WHAT IS FLUVIAL GEOMORPHOLOGY?
Fluvial geomorphology is the scientific study of the physical processes that create and maintain river
forms. Geomorphologists aim to detangle the large array of processes acting upon rivers in order to
determine why they look and behave the way they do. The factors that influence river form and
behaviour are examined over various spatial and temporal scales that are conceptualised within a
nested hierarchical structure.

1.1.1 The nested hierarchical basis of spatial and temporal scales in river systems
In a nested hierarchical view of catchments, the landform of interest is examined in light of the larger
scales within which it exists, and the smaller-scale forms of which it is comprised. Spatial and
temporal scales of reference are related by the timeframe in which features of a given scale undergo
evolutionary adjustment and the frequency at which they are subjected to disturbance events (Table
1.1). Hence, in observing a given reach, not only are the within-channel attributes considered, but also
the beyond-channel attributes of the surrounding landscape. It is commonly recognised that channels
are directly influenced by processes that connect the adjacent hill slopes, floodplains, riparian
corridors and groundwater zones. Reaches are also influenced by processes operating upstream and
downstream within the catchment.

Fluvial geomorphology is also concerned with past behaviour of river systems. Rivers are not static
entities. Characteristics of a catchment and its landscape units impose controls on channels and
floodplains, shaping their modes of and capacity for adjustment. Change can occur over various
timescales, from catastrophic changes over hours or days during floods, to adjustments over geological
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timescales, which are barely perceptible in a human lifetime. Factors such as a river’s sensitivity or
resilience to change, proximity to threshold conditions, and how change is propagated through the
catchment, will alter river forms and processes in a variety of ways (bed material, channel geometry,
channel planform), at varying rates.

Table 1.1 Description of scales observed in fluvial geomorphology
Spatial Scale

Timeframe of Evolutionary
Adjustment

Frequency of Disturbance
Events

Description

Ecoregion

105-106 Years

105-106 Years

Climate, tectonic, and lithological characteristics act as controls on vegetation cover,
substrate, flow and other factors that determine the boundary conditions within which
catchments function.

Catchment

105-106 Years

103 months

Catchment boundaries define distinct topographic and hydraulic entities. The
catchment environment frames the boundary conditions within which rivers operate,
constraining the range of behaviour and morphological attributes. Catchment geology,
shape, drainage density, tributary-trunk interactions, etc. influence the nature, rate
and pattern of forms and processes.

Landscape Unit

103-104 Years

102 months

Catchments can be differentiated into landscape units. These areas of distinct
topography (elevation, slope and degree of dissection) are a function of slope, valley
confinement, and lithology. They not only determine the calibre and volume of
sediment made available to a reach, but also impose major constraints on the
distribution of flow energy that mobilises sediments and shapes river morphology.
Valley setting differentiates the erosional (confined valley), transport (partly-confined
valley) and depositional (unconfined valley) zones of a catchment. The channel,
riparian zone, floodplain, aquifer and hill slopes influence sediment and flow
connectivity.

Reach

101-102 Years

101 months

Topographic constraints imposed by landscape units result in differing structural and
functional attributes along the channel. Geomorphic character and behaviour vary for
reaches within different valley settings. Reaches are defined as “sections of river along
which boundary conditions are sufficiently uniform such that the river maintains a near
consistent structure” (Kellerhals 1976). Reach structure consists of arrays of erosional
and depositional landforms.

Geomorphic Unit

100-101 Years

100 months

The availability of material and the potential for it to be reworked in any given reach
determine the distribution of geomorphic units, and therefore river structure. Some
geomorphic units comprise forms that are sculpted into bedrock, e.g. cascades, pools
and waterfalls; while others are depositional units, e.g. gravel riffles, bank-attached
and mid-channel bars. Geomorphic units are also differentiated on floodplain surfaces –
e.g. levees, back-swamps.

Hydraulic Unit

10-1-100 Years

10-1 months

Flow-sediment interactions vary with flow stage and range from fast flowing variants
over a range of coarse substrates to standing water environments on fine substrates.
Hydraulic units are spatially distinct patches of relatively homogeneous surface flow
and substrate character. These distinct patches provide specific habitat conditions.
While large sediments provide greater surface area for insects to cling to as well as
protection from hydraulic forces, slow-deep pools and shallow flow on riffles offer
various breeding, feeding and cover conditions.

Microhabitat

10-1-100 Years

10-1 months

Features at this scale include individual elements such as logs, rocks and gravel
patches. The types of species assemblages that develop are controlled by the
conditions created at this local scale via the variability in surface roughness, flow
hydraulics, and sediment availability and movement.

(adapted from Brierley and Fryirs, 2005)
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1.1.2 Factors influencing river form and behaviour
Many factors influence river form and behaviour. Brierley and Fryirs (2005) conceptualise these
factors in two main groups: imposed boundary conditions, referring to geologic factors and the climate
regime; and flux boundary conditions, such as the sediment and flow regimes that fluctuate within the
imposed conditions. Imposed boundary conditions, including the geologic imprint upon the landscape
and the long-term evolutionary history of the catchment, largely shape relief, slope and valley shape
and size. This determines the degree to which a river may adjust within its valley and the range of
morphologic (landform) variability that may be observed. Imposed boundary conditions influence the
distribution of potential energy through relief, slope and valley morphology. Flux boundary
conditions, including the sediment and flow regimes, work within the imposed boundary conditions to
determine the observed character and behaviour of the channel. The sediment regime reflects the
volume and calibre of sediment provided to the channel and the flow regime reflects the ability of the
flow to transport this material. The balance between the flow and sediment regimes determine whether
a reach is degrading (i.e. the reach is eroding, providing a sediment source for downstream reaches) or
aggrading (i.e. sediment is primarily being deposited, and the reach is acting as a sediment store).

Catchments exhibit typical topographic patterns that are associated with patterns of change in flow,
channel gradient and sediment character (Figure 1.1a). As catchment area increases, slope and bed
material size decrease, while valley width, discharge and channel capacity increase. Accordingly,
catchments are characterised by distinct sediment process zones: typically a source zone in the
uppermost part of the catchment, a transfer zone in the middle reaches of the catchment, and a
depositional or accumulation zone in the downstream reaches (Figure 1.1b). The source zone is
typically defined by elevated bedrock areas that produce high sediment loads. These areas of incised,
dissected relief have high drainage densities and hill slopes are directly connected to valley floors.
However, given the confined valley settings, sediments are largely flushed through these zones. As
transport capacity exceeds supply, a bedrock base is sustained, leaving only the coarsest boulders to
line the channel bed. Transfer reaches are less dominated by direct inputs from hill-slopes and
residence times (the length of time sediment is stored within a reach) tend to be low. Erosion and
deposition are roughly in balance. As flow energy decreases downstream with lower channel slopes,
an accumulation zone develops. Sediment is stored over long time-frames, usually within floodplains.

While these general patterns and relationships are common in many regions, each catchment has its
own pattern of river types, reflecting catchment-specific geologic and climate controls, land use
changes, and history of disturbance events. In some instances, urbanisation has added an additional
layer of complexity. Urbanisation generates extreme geomorphic change. Many reaches have been
realigned, channelised by concreting of beds and banks or redirected through pipes. Swampy areas
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have been extensively drained. Changes to the character and behaviour of the immediate reach induce
channel instability that is conveyed upstream by headcuts or downstream as large volumes of sediment
are transferred resulting in accelerated channel aggradation.

a

b

Figure 1.1 Schematic of a catchment (a) typical downstream changes to channel gradient, stream power,
bed material size, and volume of stored sediment (b) typical pattern of erosion, transfer and storage reaches
(from Church, 2002)

Wolman (1967) produced a two-phase conceptualisation of these geomorphic changes in response to
urbanisation (Figure 1.2). During the first phase, urban construction exposes soils thus increasing
sediment loads. The following phase increases the area of impervious surface causing a reduction in
sediment supply and an increase in runoff volume and rate. These various forms of geomorphic
adjustment have profound implications for ecological associations along river courses.

Figure 1.2 Two-phase morphological response to urbanisation
(from Wolman, 1967 in Chin, 2006: 6)
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1.2 GEOMORPHOLOGY AND RIVER HEALTH
Although river health has conventionally been analysed primarily using water quality and ecological
data (Karr and Chu, 2000; Suren et al., 1998; Newson et al., 1998), it is increasingly recognised that
patterns and trends can only be explained when they are related to physical variables such as
geomorphic river structure (Fryirs, 2003: Newson and Newson, 2003). Various definitions of ‘river
health’ are presented in Table 1.2. Despite its common usage, there is still debate about the actual
meaning and usefulness of this term, as it is difficult to understand how biological, chemical and
ecological measures are integrated into an understanding of ‘health’ (Norris and Thoms, 1999).
Maddock (1999) suggests that ‘river health’ is a function of a variety of factors including ecological
status, water quality, hydrology, geomorphology and physical habitat. He surmises that ‘health’ should
not be the outcome of one indicator but the outcome of a variety (see Figure 1.3).

The term ‘river health’ is also useful because it is easily understood by society. Karr (1999) supports
the term for this reason and because it inspires people to appreciate ‘the importance of living systems
to the wellbeing of human society’ (1999: 223). Brierley and Fryirs (2005) state that “...ecosystem
health is integral to human health, and unless healthy rivers are maintained through ecologically
sustainable practices, societal, cultural and economic values are threatened and potentially
compromised” (2005: 1). This paralleling of human and environmental health has become an
important way to raise awareness and concern for the damage that has occurred to ecosystems,
promoting the transfer of scientific knowledge into policy development (Boulton, 1999).

Understanding the key processes, including sediment and water fluxes, is vital to creating selfsustaining systems (Clarke et al., 2003). The distribution of habitat types must be understood with
regard to adjustments in river structure. Geomorphological studies provide a fundamental “spatial
context” for river research (Montgomery, 2001: 247). Geomorphic controls on the physical forms and
processes that create, distribute and destroy aquatic habitat makes the knowledge gained within this
discipline indispensable for understanding and enhancing ecological integrity. Geomorphic insights
into the physical integrity of a system are key determinants of the potential for ecological
rehabilitation, as systems with greatly degraded physical structures, may have little or no potential for
recovery (Brierley et al., 2006; Hobbs, 2001). If the physical structure has been altered beyond a
threshold point, degradation to habitat will have substantial effects on the ecological functioning of the
system (Figure 1.4). If ecological integrity is to be addressed, the condition of the physical
environment within which it functions must be treated as an integral component. These geomorphic
principles should be merged directly with water quality and ecological data to provide a coherent
information base with which to guide management actions.
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Table 1.2 Definitions relevant to river ‘health’ concepts
Related
Terms

Definition (source)
“...supply of goods and services required by both human and non-human residents is sustained. Health is
shorthand for good condition.” (Karr, 1999: 222)

River
Health

“...the degree to which three main physical and chemical attributes of a river (its energy source, water
quality and flow regime), plus its biota and their habitats, match the natural condition at all scales”
(Harris and Silveira, 1999: 235).
“...the ability of a river and its associated ecosystem to perform its natural functions” (Brierley and Fryirs,
2005: 1).

Ecosystem
Health

“…system organisation, vigour and resilience, as well as the absence of ecosystem stress” (Bunn and
Davies, 2000: 62)
“…the state or condition of an ecosystem in which its dynamic attributes are expressed within ‘normal’
ranges of activity relative to its ecological stage of development.” (Society for Ecological Restoration
International Science & Policy Working Group. 2004: 7)
A measure of the capacity of a river to perform functions that are expected for that river within the valley
setting that it occupies. Assessment of river condition requires an understanding of:

River
Condition

•
•
•
•

The spatial distribution of river types
How those rivers behave
River dynamics (i.e. river evolution), and
Forms, extent and impact of human disturbance, including an appraisal of whether this change has been
reversible (Brierley and Fryirs, 2005: 298).

“the expected background condition with no or minimal anthropogenic stress and satisfying the following
criteria: (1) it should reflect totally, or nearly, undisturbed conditions for hydro-morphological elements,
general physical and chemical elements, and biological quality elements, (2) concentrations of specific
synthetic pollutants should be close to zero or below the limit of detection of the most advanced analytical
techniques in general use, and (3) concentrations of specific non-synthetic pollutants should remain within
the range normally associated with background levels” (Nijboer et al., 2004: 92)
“to represent what a water body could be, or probably would be, in absence of human disturbance”
(Downes et al., 2002: 122).
“...result of most natural events are narrow in comparison with changes that result from human actions
such as row-crop agriculture, timber harvesting, grazing or urbanization... Understanding the variation that
exists in the systems without human disturbance is key to having a reliable reference condition.”
Understanding this baseline must be the foundation for assessing change caused by humans (Karr, 1999:
224).
Reference
Condition

“A reference ecosystem or reference serves as a model for planning a restoration project, and later for its
evaluation… Typically, the reference represents a point of advanced development that lies somewhere
along the intended trajectory of the restoration. Information collected on the reference includes both
biotic and abiotic components. Sources of information that can be used in describing the reference
include:
• ecological descriptions, species lists and maps of the project site prior to damage;
• historical and recent aerial and ground-level photographs; remnants of the site to be restored, indicating
previous physical conditions and biota;
• remnants of the site to be restored, indicating previous physical conditions and biota;
• ecological descriptions and species lists of similar
• intact ecosystems;
• herbarium and museum specimens;
• historical accounts and oral histories by persons familiar with the project site prior to damage;
• paleoecological evidence, e.g. fossil pollen, charcoal, tree ring history, rodent middens.
Minimally, a baseline ecological inventory describes the salient attributes
of the abiotic environment and important aspects of biodiversity such as species composition and
community structure. In addition, it identifies the normal periodic stress events that maintain ecosystem
integrity.” (Society for Ecological Restoration International Science & Policy Working Group. 2004: 5, 8)

Integrity

“Condition of places at one end of a continuum of human influence: those that support a biota that is the
product of evolutionary and bio-geographical processes with minimal influence from modern human
society” (Karr, 1999: 223).

Physical
Integrity

“...a set of active fluvial processes and landforms wherein the channel, near-channel landforms,
sediments, and overall river configuration maintain a dynamic equilibrium, with adjustments not exceeding
limits of change defined by societal values” (Graf, 2001: 1).

Ecological
Integrity

“…the ability to self-sustain ecological entities (population, community, ecosystem) and processes (e.g.,
nutrient dynamics, sediment transport)” (Wohl et al., 2005: 2).
“… the state or condition of an ecosystem that displays the biodiversity characteristic of the reference,
such as species composition and community structure, and is fully capable of sustaining normal ecosystem
functioning.” (Society for Ecological Restoration International Science & Policy Working Group. 2004: 7)
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Understanding and interpreting ‘river health’ has become a central focus of fluvial research. Few
comprehensive tools exist, but a suite of techniques has been devised for components of river systems
including ecological indicators (quantity, size and life history of sensitive taxa), ecosystem processes
(for example respiration), water quality (metals and organic indicators), habitat assessment techniques
(as an indicator of the ecology) and geomorphic assessment.

Breathing
e.g. rate, depth

Hydrology
e.g. variability
of flow regime

Physical Habitat
e.g. amount, spatial
and temporal
variability

Body Temperature
e.g. mean, variability
Pulse
e.g. rate
per
minute

Biology
e.g. number or diversity
of invertebrates, fish

Blood Content
e.g. oxygen level,
sugar level

Water Quality
e.g. means or range of
pH, temperature, BOD
Geomorphology
e.g. sediment
load, instability

Figure 1.3 The multiple indicators used to assess human ‘health’ compared with the indicators that should
be included when assessing the ‘health’ of a river
(from Maddock, 1999: 375)

Biotic threshold

Fully functional

Abiotic threshold

State 1
State 2

Cost of
rehabilitation
State 3

Level of
system function

State 4
State 5
Non-functional

State 6
Intact

Ecosystem State

Degraded

Figure 1.4 Relationships between system degradation, level of functioning and biotic/abiotic thresholds
(from Hobbs, 2001: 243)
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Given their high visibility, urban streams are at the forefront of public concern for rehabilitation and
sustainability projects. In these initiatives, prospects to improve river condition are maximised when
rehabilitation activities `work with' natural ecosystem processes. Such understanding must build upon
insights into the trajectory of geomorphic adjustment, and associated notions of river recovery.
Analysis of geomorphic recovery pathways provide a sense of how a channel has adjusted from a
perceived natural condition following disturbance (Fryirs and Brierley, 2000). In some instances,
responses to disturbance events may be absorbed by the system, while elsewhere an altered condition
may be established (Simon, 1989). Fryirs and Brierley (2000) identify four trajectories of adjustment
(Figure 1.5): 1) retention of an intact condition, 2) adjustment along a degradation pathway, 3) a
restoration pathway where the channel is re-adjusting towards its pre-disturbance state, and 4) a
creation pathway where the channel has adopted a different set of process-form relationships to those
evident in its pre-disturbance condition (i.e. a different type of river), while adjusting to the altered set
of boundary conditions. This view of the system across temporal scales allows river health to be
assessed in light of what has occurred in the past, creating a dynamic and relevant understanding of a
particular river system.

Figure 1.5 Recovery potential diagram used in the River Styles® framework showing the degradation scale
on the left and the two recovery pathways on the right
(from Fryirs and Brierley, 2000)

1.3 WHAT IS THE RIVER STYLES® FRAMEWORK
The River Styles® framework is a geomorphic approach to assessing river character and behaviour,
condition, and recovery potential and framing management strategies. A generic and open ended set of
procedures comprises a scientifically informed yet flexible sequence of implementation stages (Table
1.3). The explanatory and predictive basis of the framework provides a rigorous foundation for
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management decision making. The catch-cry of the River Styles® framework is ‘know your
catchment’. Four key principles underpin this framework:
•
•
•
•

Respect river diversity
Work with river dynamics and change
Work with linkages of biophysical processes
Use geomorphology as an integrative physical template in river research and management

Detailed documentation of principles and procedures are available in Brierley and Fryirs (2005) or
www.riverstyles.com. Specific methods applied in the Twin Streams catchment are presented in
Section 2 of this report. A comprehensive regional setting provides an organised and logical reference
against which geomorphic insights can be evaluated (Section 3). The catchment-wide distribution of
River Styles® is mapped and proformas summarizing the character and behaviour of each River Style®
are presented in Section 4. Condition and recovery assessments are documented in Sections 5 and 6.
Conclusions and implications for management are presented in Section 7.

Table 1.3 The four stages of the River Styles® framework
STAGE 1
Catchment-wide baseline survey of river character and behaviour and classification of River
Styles®
⇓
STAGE 2
Catchment-framed assessment of geomorphic river condition, analysed in terms of the potential
for adjustment and associated geoindicators for each River Style®
⇓
STAGE 3
Assessment of the future trajectory of change and geomorphic river recovery potential, framed in
terms of evolutionary adjustments of each reach, related to catchment-wide geomorphic changes
⇓
STAGE 4
River management applications and implications: catchment-based vision building, identification
of target conditions and prioritisation of management efforts
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SECTION 2
METHODS

Three of the four stages of the River Styles® framework were implemented in the Twin Streams
catchment, as outlined in Table 2.1. This study extends previous River Styles® framework applications
by incorporating the description of geomorphic attributes of a peri-urban catchment. In Stage One,
River Styles® were classified based on a catchment-wide baseline survey of river character and
behaviour. Results of Stage One, Step One are presented in the Regional Setting in Section 3, while
results of steps two and three are presented in describing River Styles® and controls acting upon them
in Section 4. In Stage Two, river condition (presented in Section 5) was assessed for representative
reaches of each River Style® in the catchment. In Stage Three, future trajectory of change and
geomorphic river recovery potential were assessed for each River Style® and are presented in Section
5. Stage Four, which has not been implemented in this study, involves the development of
management applications using the information gleamed from the first three stages. Direct
involvement with river managers is required to complete this stage.

Table 2.1 The stages and steps of the River Styles® framework applied in the Twin Streams catchment
STAGE 1
River Styles® classification
and catchment-wide
survey of river character
and behaviour

Step 1: Assess regional and catchment setting controls
⇓
Step 2: Define and map River Styles®
⇓
Step 3: Interpret controls on the character, behaviour and downstream
patterns of River Styles®
⇓
Step 1: Determine the capacity for adjustment of River Styles®

STAGE 2
Assess the geomorphic
condition of rivers

⇓
Step 2: Compile criteria to assess geoindicators and identify expected
reference condition for River Styles®
⇓
Step 3: Determine and explain the geomorphic condition of reaches
⇓

STAGE 3
Determine the evolution,
trajectory of change and
recovery potential of rivers
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Step 1: Assess river evolution as a basis for determining trajectory of change
and identifying irreversible geomorphic change
⇓
Step 2: Determine the trajectory of river change
⇓
Step 3: Assess river recovery potential: place reaches in their catchment
context and assess limiting factors to recovery
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2.1 STAGE ONE: CLASSIFICATION OF RIVER STYLES® AND CATCHMENT-WIDE SURVEY OF RIVER
CHARACTER AND BEHAVIOUR
Implementation of Stage One involved classification of Twin Streams’ River Styles® and determining
the catchment scale controls acting upon them. The specific tasks comprising Stage One of the River
Styles® framework are shown in Table 2.2. Information gained from this stage was compiled into a
River Styles® map, a summary table of River Style® characteristics, and proformas, standard data
sheets that summarise the attributes of each River Style®. Information compiled in this stage is a
prerequisite for assessing river condition and recovery potential, which are based on the attributes of
character and behaviour that define a particular River Style®.

Table 2.2 Stage One of the River Styles® framework applied in the Twin Streams catchment
Step 1: Assess regional and catchment setting controls

STAGE 1: CATCHMENT-WIDE SURVEY OF RIVER CHARACTER AND BEHAVIOUR

• Review background information and available literature
• Derive catchment framed maps including streamlines, geology, rainfall distribution, etc.
• Designate landscape units
• Produce longitudinal profiles with contributing area plots
• Analyse sub-catchment morphometric parameters
• Analyse discharge and hydrological regimes
• Present regional setting information

⇓
Step 2: Define and map River Styles®
• Analyse the catchment-wide distribution of River Styles®
• Designate River Styles® using air photographs and produce a River Styles® tree
• Draft planform maps based on air photo interpretation, draft proformas for representative reaches
• Ratify River Styles® boundaries in the field
• Complete field analyses to finalise proformas and amend planform maps for representative reaches
• Characterise & explain river behaviour for each River Style® by interpreting reach-scale geomorphic unit

assemblages
⇓
Step 3: Interpret controls on the character, behaviour and downstream patterns of River Styles®
• Determine downstream patterns of River Styles® and group streams according to patterns
• Determine imposed boundary condition controls on character and behaviour along longitudinal profiles
• Determine flux boundary condition controls on character and behaviour along longitudinal profiles
• For representative patterns of River Styles®, produce a summary longitudinal profile that synthesises

the relationship between patterns of River Styles® and relevant controlling parameters

• Produce a synthesis table describing catchment-wide controls on river character and behaviour

(adapted from Brierley and Fryirs, 2006)
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2.1.1 Step One: Assess regional and catchment setting controls
In developing a baseline survey of the character and behaviour of streams in the Twin Streams
catchment, extensive data were compiled describing the regional geology, land use, climate,
hydrology, catchment morphology, topography and drainage features. Given the urban nature of the
catchment and the important aspects of river responses to land use pressures, an historical record
analysis was conducted to provide insight into land use changes since European settlement.
Documents reviewed, including historical photographs, council records of channel management
activities, cadastral surveys, and anecdotal evidence provided in written local histories, were compared
against each other to corroborate testimonies and to identify any discrepancies. Land use change was
especially critical in ascertaining river evolution and recovery potential, as discussed in Section 6.
Based on the parameters defined in Table 2.3, the catchment was then separated into three landscape
units: steep uplands, rolling foothills and the lowland alluvial plain. These were mapped and described
in relation to their unique characteristics and processes. Longitudinal profiles and stream power were
extrapolated from digital elevation models.

Table 2.3 Parameters used to identify and describe landscape units in the Twin Streams catchment
Landscape units

Steep Uplands

Rounded Foothills

Lowland Plain

Identifiers
Steep confined V shaped
Physiographic character valleys that divide the
of landscape
uplands into subcatchments that drain into
morphology
a main stream.

Landscape position

Geology

Rounded hills with divided
valleys and disconnected
Wide flat, low lying plain
floodplains formed within
these valleys.

Between the steep upland
At the top of the
valleys and the lowlands,
catchment but only for the
but at the top of the
Opanuku and Oratia
catchment for the
Streams.
Waikumete Stream.
Fine grained sandstone
and siltstone

Mainly alluvial material
with some areas of
sandstone and siltstone in
the uplands

Downstream of the
rounded foothills where
the valley becomes much
wider. Feeds into the
estuary.
Alluvial sediments with
layered sandstone
underneath

Descriptors
Elevation (metres)

>50-340

10-50

<10

Longitudinal valley
slope (degrees)

13-0.1

2-Flat

0.1- Flat

Valley width

1-30

>30-50

Unconfined
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2.1.2 Step Two: Define and map River Styles®
Rivers were classified primarily based on valley setting (Figure 2.1), then further separated based on
differences in channel planform (number of channels, sinuosity and lateral stability of channels),
geomorphic units and bed material texture. River Styles® were designated remotely using aerial
photography and elevation maps, producing a River Styles® tree that outlined the distinguishing
attributes of each River Style®. Geomorphic structure was then mapped from aerial photos and
proformas were completed for representative sites of each River Style®. Field analysis was then
conducted to ratify River Style® designations and boundaries and at each representative site to
ascertain geomorphic unit assemblages and complete planform maps at finer resolution.

Confined valley setting
(>90% of channel abuts
valley margin)

Partly-confined valley setting
(10-90% of channel abuts valley
margin)

↓

↓

presence/absence of occasional
floodplain pockets

degree of lateral confinement and
valley configuration (straight vs.
irregular vs. sinuous)

absent or
discontinuous
channel

present and
continuous
channel

↓
river planform

↓
geomorphic
units

↓
river planform

↓
geomorphic units
↓
bed material texture

↓
geomorphic units
↓
bed material texture

Laterally-unconfined valley
setting
(<10% of channel abuts
valley margin)

↓
valley floor
texture

↓
geomorphic
units
↓
bed material
texture

®

Figure 2.1 Procedures to identify River Styles within different valley settings
(from Brierley and Fryirs, 2005: 264)

2.1.3 Step Three: Interpret controls on the character, behaviour and downstream patterns of
River Styles®
River character and behaviour reflect variability along a multivariate continuum, with many
associations possible. Thus, for a given set of boundary conditions, various River Styles® may
develop, and a particular River Style® may develop under a number of different controls (Brierley and
Fryirs, 2005). Information documented in the proformas, including a valley wide cross-section,
sediment and geometric analysis of geomorphic units and vegetation analysis were used to assess
controls on the character, behaviour and downstream patterns of each River Style®. The conditions
under which each example of a given River Style® is found are firstly analysed to determine
similarities, differences and overlaps with other Styles for each control identified. The dominant
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controls are differentiated by looking at which control parameters show the greatest degree of
difference from other River Styles®. Once the dominant controls are differentiated, an appraisal of
how controls may interact to determine the character and behaviour of each River Style® is given.
Controls on the downstream pattern of River Styles® were then examined through analysis of the long
profile for each identified pattern.

2.2 STAGE TWO: ASSESS THE GEOMORPHIC CONDITION OF RIVERS
The regional setting, River Styles®, and controls on character and behaviour of reaches identified in
Stage One provide the context for the geomorphic condition research. Reaches representing natural
‘reference’ conditions are frequently used as the basis for condition assessment (for example see
Ladson et al., 1999; Raven et al., 2000; Karr and Chu, 2000). A reference reach is defined as a river
that is “dynamically adjusted so that geomorphic structure and function operate within a capacity of
adjustment that is appropriate for that type of river, given the prevailing boundary conditions”
(Brierley and Fryirs, 2005: 298). However, this concept was frequently not relevant in this catchment
due to the high levels of development and ‘irreversible’ change that had occurred in many of the
reaches. As explained by Brierley and Fryirs (2005: 316):

“In this case, condition assessments must be made relative to an ‘expected’ reference
condition of the new River Style®. This scenario is characteristic of adjustments along
regulated, urban, and channelised systems. In these cases, different sets of analyses must
be undertaken.... Additional layers of information are required, reflecting variants of
human-imposed river condition.”
Stage Two of the River Styles® framework (Table 2.4) was adapted for this study, to allow a river’s
condition to be framed in relation to its response to urbanisation a new protocol was developed to
identify an ‘expected’ reference condition, based on relevant geoindicators for each River Style®, to
which representative reaches could be compared.

2.2.1 Step One: Determine the capacity for adjustment of River Styles®
Step One of the condition assessment involved determining the capacity for adjustment for each River
Style®. This assessment was based on the range of behaviour identified in Stage One, describing the
ways a type of river can adjust under prevailing valley conditions (Table 2.5). Given the degrees of
freedom by which a river can adjust (channel character, river planform and bed character),
geoindicators were selected that were relevant to each River Style’s® capacity for adjustment and most
likely to be affected by urbanization. The geoindicators selected were grouped into the six categories
shown in Table 2.6 to provide a basis for determining an index of river condition in following steps.
Three categories: channel geometry, geo-diversity and riparian vegetation are recommended in the
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Table 2.4 Stage Two of the River Styles® framework applied in the Twin Streams catchment
Step 1: Determine the capacity for adjustment of the River Style
STAGE 2: ASSESS THE GEOMORPHIC CONDITION OF RIVERS

• Interpret how each River Style® can adjust under the prevailing flux boundary conditions
• Assess the ability of each degree of freedom to adjust for each River Style® by determining which

geoindicators within each degree of freedom are relevant for each River Style®

• Construct table of relevant geoindicators to be used to identify a reference condition for each River

Style®

⇓
Step 2: Compile criteria to assess geoindicators & identify ‘expected’ reference condition per River
Style®
• Derive desirability criteria for river character and behaviour based on relevant geoindicators for each

River Style®

• Identify ‘expected’ conditions for each River Style® using 'relevant geoindicators', asking: what would be

the expected character and behaviour of the river given its position in the catchment & prevailing
water, sediment & vegetation regimes?
⇓
Step 3: Determine and explain the geomorphic condition of reaches at representative field sites
• Determine condition using the degrees of freedom and good, moderate, and poor condition matrix for

River Styles®

• Interpret and explain the geomorphic condition of the reach

(adapted from Brierley and Fryirs, 2005)

River Styles® framework and three new categories: intensity of urbanisation, wetland integrity, and
estuarine integrity, were developed to represent the unique characteristics of the Twin Streams
catchment. Each category of geoindicators is discussed briefly here and detailed descriptions of how
the geoindicators are relevant to each River Style® are provided in Appendix III. Only seven of the
nine River Styles® were assessed for condition, as the Piped and Channelised River Styles® lack any
natural structure or diversity, and thus are in poor geomorphic condition.

Channel geometry geoindicators included channel depth/width ratio, channel stability, bank erosion,
and grain size and sorting. These served as indicators of urbanisation, which can cause significant
changes in sediment and water fluxes, leading to bed incision, aggradation and channel widening
(Chin, 2006, Paul and Meyer, 2001). Geodiversity provides the geomorphic linkage to ecology,
whereby geomorphic units, flow heterogeneity, riparian vegetation and wood, and floodplain
connectivity are important components of habitat diversity (Ward et al., 2002; Fryirs, 2003). Hence,
these factors were selected as indicators of biodiversity. For many River Styles®, continuous strips of
native riparian vegetation indicate better river condition as vegetation enhances bank cohesion,
increases surface roughness, provides food for biota (Reeves et al., 2004; Montgomery and
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Buffington, 1997) and wood for habitat, buffers nutrients and maintains water temperatures. Instream
vegetation may indicate negative conditions if present in coarse bed rivers or covering greater than
50% of fine bed rivers. Alternatively, entirely different vegetation associations are expected for
swamps, wetlands and discontinuous watercourses, or for bedrock rivers.

Table 2.5 Assessment of the capacity of a river to adjust based on its valley setting
Valley setting

Channel attributes

River planform

Bed character

Confined

Channel size, shape and bank
morphology are constrained by
bedrock or ancient materials along
valley margins. No significant bank
erosion. The wood loading may be
a key determinant of step-pool
sequences

No potential to adjust the number of
channels, sinuosity or lateral
stability. Geomorphic units are
largely imposed forms. Riparian
vegetation is not a significant
control on geomorphic structure.

Grain size sorting &
hydraulic diversity are
constrained by bedrock
unless transient bedload
sediments are transferred
through the reach.

Partly
confined

Local potential for lateral or
downstream translation of bends,
Channel width and shape are
but largely constrained by bedrock.
adjustable where floodplain
Instream geomorphic units will
pockets occur; otherwise they are adjust locally in response to changes
constrained by bedrock or
in channel geometry and wood
indurated old materials along
removal. Removal of riparian
valley margins. Bank erosion tends vegetation modifies processes
to be concentrated in areas where occurring on discontinuous
floodplain pockets occur. Removal floodplain pockets. Floodplains are
of vegetation and wood may
suspended load dominated when
modify channel dimensions.
vegetated, but cleared floodplain
pockets are prone to scour, stripping
and reformation.

Bed often constrained by
bedrock. Gravel bed
rivers have wellsegregated point bars,
riffles, etc. which induce
significant hydraulic
diversity. Surfacesubsurface variability may
be significant. Bed
adjustments are
dependant on material
availability and the
history of bedload
transporting events.

Channels absent or discontinuous.
Alluvial with Vegetation can act as a significant
discontinuous resistance factor. Wood is not a
channels
significant control on geomorphic
structure.

Relatively simple geomorphic
structure with little potential for
adjustment. Headcuts induce
channel continuity.

Significant potential for adjustment
in number, sinuosity & lateral
stability of channels. Floodplains are
formed by vertical or lateral
accretion & reworked by a range of
Channel size and shape can adjust
avulsive or stripping processes.
laterally and vertically over the
Significant potential for shifts in the
valley floor. Significant potential
geomorphic unit assemblage depend
for natural bank erosion. Riparian
on material texture and availability,
Alluvial with
vegetation stabilises banks and
within channel erosion and
continuous
induces significant roughness to
deposition and planform
channels
flow. Removal of riparian
adjustments. Wood is a significant
vegetation or wood may induce
control on the formation and
dramatic changes to channel
characteristics of instream
capacity and channel shape.
geomorphic units. Removal of
riparian vegetation or wood may
induce dramatic changes to channel
migration rate, avulsive behaviour,
etc.
Limited adjustment potential

Localised adjustment potential

Valley floor texture
dependent on the supply
of sediment from
upstream. Hydraulic
diversity is low. Potential
for recurrent sediment
lobe deposition in swamps
and flood-outs.

Shifts in composition,
character and hydraulic
diversity occur as channel
geometry and planform
adjust. In extreme cases a
transition may be noted
in the dominant form of
sediment transport, from
bedload to mixed load to
suspended load
dominance.

Significant adjustment potential

(from Fryirs, 2003: 25)
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Table 2.6 Categories of relevant geoindicators for differing River Styles®
Category

Geoindicator
Channel stability

Channel Geometry

Geo-diversity

Riparian Vegetation

Urban Index*

Wetland Integrity*

Estuarine Integrity*

River Style
All

Bank erosion

Partly confined and unconfined

Channel geometry

Partly confined and unconfined

Grain size and sorting

Confined

Geomorphic unit diversity

All

Flow diversity

All

Floodplain diversity

Partly confined and unconfined

Wood

All

Natives vs. exotic

All

Continuous distribution

All

Instream vegetation

All

Land use- Impervious surfaces

All

Direct urban effects

All

Rehabilitation efforts

All

Species diversity

Intact valley fill

Riparian vegetation

Intact valley fill

Degree of sedimentation and erosion

Intact valley fill

Dryland plant invasion

Intact valley fill

Hydrological integrity

Intact valley fill

Bed material diversity

Unconfined tidal influenced
(estuarine reach)

Quantity of algae or wrack

Unconfined tidal influenced
(estuarine reach)
®

*Categories developed specifically for this study, not previously used in the River Styles framework

An Index of Urbanisation was developed providing a category of indicators that represent urban
intensity. This assesses land use, impervious surface area, direct urban effects and rehabilitation efforts
for all River Styles®. Rehabilitation in this study also refers to current efforts by Waitakere City
Council to enhance riparian vegetation. In this regard, it only applies to reaches with poor riparian
strips. Increased connectivity between wetland features of an Intact valley fill can indicate a reduction
in species diversity as increased flow alters the system. The various geoindicators selected to support
qualitative visual assessment of wetland integrity included species diversity, riparian vegetation,
degree of sedimentation and erosion, dryland plant invasion and hydrological integrity. Geoindicators
such as bank erosion and reach stability were not applicable to the lower estuarine section of the
Unconfined tidal influenced reach due to the coating of tidal mud over the channel and banks being
populated by inter-tidal mangrove patches. The channel geometry category was thus replaced by a
category representing estuarine integrity, which included two of the major indicators of water quality
in estuaries: sedimentation rate and presence of algae, both of which were assessed visually.
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2.2.2 Step Two: Compile criteria to assess geoindicators and identify ‘expected’ reference
condition of River Styles®
Criteria relating geomorphic river condition to ‘expected’ degradational influences of urbanisation
were then derived from the literature for the geoindicators identified as relevant to each River Style®
(Table 2.6). These criteria were used to develop question tables (Tables 2.8-2.11) for each River
Style® in which criteria driven questions inferred the expected attributes of a geoindicator considered
to be in good condition. The questions thus reflected reference conditions for a particular River Style®,
against which field observations and measurements from representative reaches could be assessed.

2.2.3 Step Three: Determine and explain the geomorphic condition of reaches
The final stage of the condition assessment involved field analysis to describe the geomorphic
condition of reaches at representative sites for each of the eight River Styles®. The first step was to
select the representative range and distribution of field sites that would offer both reach and catchment
scale insights. The second step was to collect quantitative and qualitative data that would best answer
the geoindicator question tables. The third step was to determine (based on scores) and explain the
geomorphic condition of sampled reaches in terms of the ‘expected’ condition for each River Style®.

Field Sampling
Twenty seven field sites were selected as representative reaches of 7 River Styles®. Analysis of reach
condition in each sub-catchment setting enabled assessment of catchment-wide variability in river
condition. The number of sites per River Style® (Table 2.7) was proportional to the frequency of that
River Style® in the catchment. Sites were evenly distributed throughout the catchment (Figure 2.2). At
least one site was positioned at the downstream end of each section of each River Style® and
considered to infer conditions for that section. Reaches were sampled at least 15 m upstream of
bridges, in order to avoid induced morphological changes. Human impacts such as stormwater outlets
were neither avoided nor favoured, but considered an urban indicator where present.

®

Table 2.7 The number of field sites representing each River Style
River Style®

Map Colour

Number of Sites

Confined, low sinuosity, Gravel

Purple

8

Steep bedrock confined

Yellow

1

Confined, low sinuosity mixed

Pink

2

Green

7

Partly confined, low sinuosity, fine

Blue

4

Unconfined, low sinuosity, tidal

Red

4

Brown

1

Partly confined low sinuosity, bedrock, gravel and cobble

Intact Valley Fill
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®

Table 2.8 Geoindicator question table for the River Styles in the confined valley setting
Category

Geoindicator
Bed level
stability

Steep bedrock confined

Geodiversity

Diversity of
flow
Wood
Natives vs.
exotics

Riparian
Vegetation*

Urban
Modification*

Confined, low sinuosity, mixed-bed

Does the channel act as a source reach that is competence limited (channel is expected to be stable for relatively long time periods as competence limited (Church, 2002)?
Is vertical down-cutting taking place, with little accumulation other than in pools?

Channel
Is there a range of clasts including fines and organics accumulating
geometry and
Bank erosion Largest clast size in plunge pools and behind wood and larger sediments creating
structure and smaller clasts occupying the lag area? (expected to
have far fewer clasts than in the confined low sinuosity gravel bed).
Geomorphic units

Confined, low sinuosity, gravel-bed

Is there a high diversity of geomorphic units as would be expected
in this river type?

Is there a range of clasts including larger clasts
creating structure and smaller clasts occupying
the lag area with fines accumulating in pools and
behind wood, no in-filled pools or sand sheets?

Is there a range of clasts including larger clasts
creating structure and smaller clasts occupying the
lag areas with fines accumulating but not infilling in
pools and behind wood?

Is there a high diversity of geomorphic units as
would be expected, steps and pools common?

Does a diversity of geomorphic units exist relative
to what would be expected in this river type?

Is there a good diversity of flow between the units as would be expected in this river type (e.g. steps and pools)?

Is diversity of flow relative to what is expected?

Good=3/3
Mod=2/3
Poor=1/3

Is most of the vegetation adjacent to the stream bed native and does it have a secondary structure (willows and grass are signs of a degraded riparian strip)?
Good=3/3
Mod=2/3
Poor=1/3

Instream
vegetation

Is there any instream vegetation? Is it exotic

Impervious
surface

What is the intensity of urbanisation in the predominant land use in the area surrounding the stream? G = native forest with a few residents present, M= Pastoral or
scattered housing, low impervious, P= dense urban residential or commercial, with a high proportion of impervious surface.

Rehabilitation

Good=2/2
Mod=1/2
Poor=0/2

Is wood present in the stream at locations where it can add to habitat and help increase the diversity in the system?

Continuous strip Is there a continuous strip along the river?

Direct effects

Condition
Scores

> 66%=Good
What is the intensity of effects of the direct urban impacts in the area on stream geomorphology (such as stormwater outlets that create scour holes and indicate increased 33-66%=Mod
<33% = Poor
flow or direct channel or bank modifications? G, M or P
Is there any indication of rehabilitation efforts within the reach? This indicator will only be used in rivers with a disturbed riparian stretch) Y or N

* Also used for unconfined and partly confined River Styles® in Tables 2.9 and 2.10

®

Table 2.9 Geoindicator question table for the River Styles in the partly confined valley setting
Category*

Geoindicator

Partly confined, low sinuosity, bedrock, gravel and cobble bed

Partly confined, low sinuosity, fine bed

Condition
Scores

Channel Stability Does the channel act as a transfer zone which is relatively stable with some lateral cutting and some sediment storage in the form of floodplains?
Channel
geometry

Geodiversity

Bank erosion

Is erosion minimal and mainly in the areas below plant roots, undercutting banks or directly adjacent to the bars where flow may be pushed against the side (Church, 2002)

Channel
geometry

Do rivers have the width/depth ratio and pool and riffle diversity
associated with the amount of flow expected (compared with more intact
reaches in the area)? Does it have a geometry associated with a less
disturbed reach (i.e. not over-widened) (Chin, 2006)?

Do rivers have the width/depth ratio associated with the amount of flow expected (compared
with more intact reaches in the area)? Is the geometry associated with a less disturbed reach
(i.e. narrower and deeper, not over-widened) (Church, 2002; Chin, 2006)?

Geomorphic units

Is there a high diversity of geomorphic units including no infilling of pools
and a diversity in grain size and sorting across the channel?

Is there a diversity of geomorphic units present in the system, including diversity in grain size
distribution and channel geometry?

Diversity of flow

Is there a good diversity of flow between the units with different flow units Does a diversity of flow exist would be expected for this river type this includes variations in
present such as runs, riffles and pools?
flow created by wood and variations in the bed?

Floodplain
diversity
Wood

Good= 3/3
Mod= 2/3
Poor=1/3

Good= 4/4
Mod= 2-3/4
Poor=1/4

Is the floodplain still functionally active and attached to the channel? Does it display diversity and fluvially created features such as back channels?
Is wood present in the stream at locations where it can add to habitat and help increase the diversity in the system?

• Also questions in Table 2.8 for riparian vegetation and urban modification
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Table 2.10 Geoindicator question table for River Styles® in the unconfined valley setting
Category*

Channel
geometry

Geoindicator

Unconfined, low sinuosity, tidal influenced

Unconfined, low sinuosity, tidal influenced (estuarine)

Channel
Stability

Is the channel acting as an accumulation zone which is relatively stable with some lateral
movement and areas of floodplain storage?

N/A

Bank erosion

Is erosion minimal and mainly in the areas below the plant roots, undercutting banks or directly
adjacent to the bars where the flow may be pushed against the side? (Church, 2002)

N/A

Channel
geometry

Do rivers appear to have the width/depth ratio associated with the amount of flow expected in
the catchment (compared with more intact reaches in the area)? Is geometry associated with
low disturbance (narrower and deeper, not over-widened, Church, 2002; Chin, 2006)?

N/A

Bed material

N/A

Does the bed material display a range of sediment depositional forms
other than mud (e.g. shoals of clean fluvial sands and gravels visible at
low water)?

Excess algae
growth

N/A

Is there any indication of excess algal or phytoplankton growth such as
accumulations of wrack or algal in the water column?

Water Quality

Geomorphic
units

Geodiversity

Is there diversity of geomorphic units, including grain size distribution and channel geometry?

Wood

Good= 3/3
Mod= 2/3
Poor=1/3

Good= 2/2
Mod= 1/2
Poor=0/2

Is there any diversity of geomorphic units (a poor system would be
smoothed and channelised to flush sediments)?

Diversity of Does a diversity of flow exist that would be expected for this river type, including variations in Is there little diversity in flow?
flow
flow created by wood and variations in the bed?
Floodplain
diversity

Condition
Scores

Good= 4/4
Mod= 2-3/4
Poor=1/4

Is the floodplain still functionally active and attached to the channel? Does it have diversity and Is the floodplain active, attached to channel, displaying diversity and
fluvially created features such as back channels?
fluvially created features such as back channels or wetlands?
Is wood present in the stream at locations where it can add to habitat and increase the diversity in the system?

* Also questions in Table 2.8 for riparian vegetation and urban modification

Table 2.11 Geoindicator question table for the Intact valley fill River Style
Geoindicator
Species Diversity

®
Condition
Scores

Intact Valley Fill
Does the site display a high diversity of plants with plants at different heights and of different kinds?
Is good riparian vegetation present at the site and is it mostly native and in a fairly continuous covering around the site?

0-1/5 =Poor

Sedimentation/erosion

Is there evidence of sedimentation or erosion? This includes the appearance of suspended sediments, headcuts or sediment burying plants or changes in soil colour.

2-3/5=Mod

Dryland Plant invasion

Is there evidence of dryland plants beginning to encroach on the wetland area such as broom or Manuka?

Hydrological Integrity

Are there any features that indicate changes in the hydrological integrity of the wetland. This includes structures such as drains, stop banks and things that will effect the
hydrology? What is the intensity of these features based on their contribution in size, coverage, depth and effectiveness?

Riparian Vegetation

4-5/5=Good

(based on information from Clarkson et al., 2003)
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Figure 2.2 Distribution of River Styles® and field sites for condition assessment

Data collection and subsequent analysis involved measurement and interpretation of each of the
geoindicators identified as relevant to a reach based on the River Style® it represented. Quantitative
data, including width and depth, were collected to describe channel geometry. Qualitative data
collection involved detailed mapping and written descriptions of the geomorphic, hydraulic, vegetative
and urban features, processes and attributes observed at a site. Map scale was dependent on the
diversity at the site.

Field site mapping was focussed on capturing the diversity and linkages observed at each site using the
technique conceptualised by Newson and Newson (2000) for mapping physical biotypes and
functional habitats (Figure 2.3). The technique was slightly altered in this study; the river’s edge and
flow types were mapped on a base sheet and physical structure and habitats were mapped on a
transparent overlay, so that the relationships between them could be studied. This technique enhanced
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understanding of the diversity of processes such as flow and the corresponding diversity of habitat
features (Table 2.12).

Figure 2.3 Mapping of physical biotypes and functional habitats
(from Newson and Newson 2000: 200)

Table 2.12 Bed texture and flow unit attributes used to prepare habitat/biotope diagrams
Flow Types
Pool*

Functional
habitats

Description

Sediment
categories

Slow moving water that occurs over the full channel width

Wood

Bedrock

Scour pool

Area with a pool geomorphology but formed below water falls as a
result of the power of the water

Trapped
organic
debris

Boulder

Deadwater*

Slow moving water that does not occur over the full channel width

Instream
vegetation

Cobble

Surface turbulence does not produce waves

Tree roots

Gravel

Undulating standing waves in which the crest faces upstream
without breaking

Moss

Sand

Run*
Riffle*
Step* (or
Chute)

Fast, smooth boundary turbulent flow over boulders or bedrock.
Flow is in contact with. the substrate, and exhibits upstream
convergence and downstream divergence

Fine

Waterfall*

Water falls vertically and without obstruction from a distinct
feature, generally more than 1 m high and often across the full
channel width

Concrete or
litter

Cascade* (or
White-water ‘tumbling’ waves with the crest facing in an upstream
broken
standing
direction. Associated with ‘surging’ flow
waves)
Percolating
flow

Water that percolates shallowly through a bar

Recirculating Areas of eddy where a part of the flow circles in a direction that is
flow
different to the flow in the rest of the channel

* Flow descriptions from Newson and Newson (2000)
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Field Data Analysis
While it is important to acknowledge that this assessment was largely qualitative and included a
degree of subjectivity, site selection, mapping, geoindicator questions, field measurements and
interpretation were all derived from accepted geomorphic principles. Since this research integrated a
wide range of aspects, rather than intensive analysis on a single one, it was necessary to appraise
themes using a qualitative and description based approach. Use of the question tables to guide field
data collection and calculation of geoindicator indices in the final analysis helped to standardise data
collection and interpretation, thus minimizing error in subjectivity associated with qualitative
assessments.

Analysis of field data was conducted by comparing conditions of geoindicators in a sampled reach to
those ‘expected’ for that River Style®, as inferred by the geoindicator question tables. Although the
question tables were used to guide field data collection (e.g. features to include on maps, attributes to
note, etc.), questions were answered using the maps, field measurements and field notes. Points were
allocated to each geoindicator based on its condition as interpreted from the field maps, notes,
measurements and geoindicator question tables. Good condition earned 2 points, moderate 1, and poor
0. A ratio was then calculated representing the total number of points earned within a geoindicator
category to the total possible points for that category (Table 2.13). The category ratios were added and
presented as percentages to determine a good (>66%), moderate (33-66%) or poor (<33%) condition
for a reach.

Table 2.13 Geoindicators assigned a score based on their condition. Good = 2, Moderate = 1, Poor = 0
to create a score out of 8 (2 points x 4 geoindicator categories). The scores of the geoindicators were
converted into a percentage to work out the condition score for the site.
Geoindicator Score

0

1

2

3

4

5

6

7

8

Converted to %

0%

12.5%

25%

37.5%

50%

62.5%

75%

87.5%

100%

Final Condition

Poor

Moderate

Good

In assessing condition patterns and variability, assessment of representative reaches made at field sites
was extrapolated throughout the catchment by inferring likely intensity of disturbance based on land
use. For example, reaches with only native riparian vegetation that were upstream of field sites
considered to be in good condition were determined to be in good condition. Areas where the
condition was unclear were revisited if possible and assessed visually. For instance, in Oratia stream,
assessment was completed at the most upstream reach in a partly confined valley River Style®, so the
differing upstream confined River Style® was visited to confirm good condition. Areas with low
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certainty of condition are shown by dotted lines on the condition map. Results of the condition
assessment are discussed in Section 5.

2.3 STAGE THREE: ASSESS RIVER EVOLUTION AND DETERMINE THE TRAJECTORY OF CHANGE
AND RECOVERY POTENTIAL
Three main steps were completed toward assessing recovery potential for Twin Streams rivers (Table
2.14). River evolution was first assessed for different River Styles® based on the historical record
analysis (presented in Section 3), combined with geomorphic insights gained from field analyses of
representative reaches. Evolutionary sequence and trajectory diagrams were then produced to interpret
the sensitivity of each River Style®. Recovery potential was then determined based on reach
sensitivity, limiting factors and pressures and its catchment context.

STAGE 3: DETERMINE THE FUTURE TRAJECTORY OF CHANGE AND RECOVERY
POTENTIAL OF RIVERS

Table 2.14 Stage Three of the River Styles® framework: assessment of river recovery potential
Step 1: Assess river evolution as a basis for determining trajectory of change and identifying
irreversible geomorphic change
• Identify the timeframe over which environmental conditions in the catchment/region have been

relatively uniform
• Construct an evolutionary sequence for each River Style
• Draw planform maps and schematic cross-sections for each time slice in the evolutionary sequence
• Determine whether irreversible geomorphic change has occurred for each reach

⇓
Step 2: Determine the trajectory of river change
• Position each reach on its evolutionary sequence of the River Style
• Translate each evolutionary time slice of the River Style® onto the recovery diagram using the

decision tree
• Determine the trajectory of change of each reach in the catchment (i.e. degradation, restoration, or

creation)
⇓
Step 3: Assess river recovery potential: place reaches in their catchment context and assess
limiting factors to recovery
• Note the geomorphic condition and determine the sensitivity of the reach
• Assess limiting factors and pressures in the catchment
• Place each reach within its catchment context and determine recovery potential
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2.3.1 Step One: Assess river evolution as a basis for determining trajectory of change
In assessing river evolution, field insights were tied to historical evidence of river change in order to
interpret river responses to changing land use pressures since European arrival. Historical evidence of
land use change and river response is documented in the discussion of land use patterns in Section 3.
Sediment and geomorphic unit analyses were conducted at eight sites representing four River Styles® .
Cross sections, planform sketches, sedimentology and photographs are presented for each field site in
Section 6.

Sediment analysis
Sediment analysis was carried out at eight field sites (Figure 2.4), each representing one of four River
Styles® in which geomorphic units could be observed for analysis. This includes two sites within
confined valleys, five within partly confined valleys and one within unconfined valley settings. Within
each River Style®, reaches known to be subjected to different land use histories as revealed by the
historical record analysis were analysed separately. A cross-section of a representative section of the
reach was measured using a total station. The sedimentology of each out-of-channel geomorphic unit
within the cross-section was analysed, either by an exposure face, or by a 10 cm diameter hand auger.
Sediment units were differentiated on the basis of sediment size and mixture, colour, organic content
and cohesiveness.

Geomorphic unit analysis
A planform sketch was made of each field site, identifying the geomorphic units present within a 100
m length of the channel. From this representation, a geomorphic interpretation of form-processes
associations was made (see Brierley, 1996), providing insight into the processes which have been
produced the form that is observed today.

2.3.2 Step Two: Determine the trajectory of river change
This step relates field insights to the historical record evidence to determine a reach’s trajectory of
change. Evolutionary time slices were then translated onto recovery trajectory diagrams indicating
whether the study reach was on a degradation, restoration or creation pathway (Figure 2.5). Trajectory
diagrams record the movement of a reach away from an intact condition, appraising whether postdisturbance responses prompt the reach to adjust along a restored, created or degraded condition
pathway. If a reach is resilient to disturbance, it will remain near its intact condition, whereas if it is
sensitive, or a threshold condition is breached so the river is no longer able to self-adjust, the reach
will move along either a created of degraded pathway (Brierley and Fryirs, 2005).
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Figure 2.4 Distribution of River Styles® and study sites for sedimentology and geomorphic unit analyses

2.3.3 Step Three: Assess river recovery potential; place reaches in their catchment context and
assess limiting factors
While temporal considerations are important in determining the trajectory of change a reach is
following as it adjusts to disturbance, spatial considerations are equally important in examining and
understanding adjustment processes. Recovery potential was determined firstly through consideration
of the trajectory of change the reach is following, and secondly by considering changes to upstream
reaches, whether change is likely to impose future disturbance that will induce geomorphic
metamorphosis of the reach. As it was not possible to examine each reach of the catchment, insights
from reaches of the same River Style® were extrapolated, given the considerations above. Reaches
which sit along a restoration trajectory (e.g. reach D in Figure 2.5b), and are not prone to adjustment
from changes to upstream reaches, are considered to have high recovery potential. Moderate recovery
potential refers to those reaches which retain the capacity to adjust along a restoration pathway, while
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low recovery reaches are adjusting towards a created condition. Reaches which are in poor condition
and are continuing to degrade are included in this group. The distribution of geomorphic recovery
potential within the Twin Streams catchment is presented in Section 6.

Figure 2.5 Example diagrams of a) evolutionary sequence and b) recovery trajectory
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SECTION 3
TWIN STREAMS REGIONAL AND CATCHMENT SETTING

This section compiles information describing the regional setting and specific characteristics of the
Twin Streams catchment, including climate, hydrology, geology, topography, land use and catchment
pressures and river responses. While some of these characteristics are regional and catchment-wide,
others vary within the catchment, providing very different controls on river character and behaviour.
An understanding of the spatial relationships in a particular catchment provides a spatial template
upon which researchers can analyse these controls and the connectivity of the landscape. This provides
a basis to interpret broad scale processes or trends that affect local scale phenomena.

3.1 CATCHMENT DESCRIPTION
The Twin Streams catchment is located within Waitakere City in west Auckland. Total channel
lengths and sub-catchment drainage areas are given in Table 3.1. Twin Streams rivers originate from
headwaters in the Waitakere Ranges and flow to the northeast, draining into the main trunk stream of
Henderson Creek, which empties into Waitemata Harbour. The three main tributary sub-catchments
are Waikumete, Oratia, and Opanuku. Oratia Stream drains into Waikumete Stream, which then
merges with Opanuku Stream to become Henderson Creek (Figure 3.1).

Table 3.1 Approximate drainage area* and channel length of trunk streams
Stream

Channel Length (km)

Drainage Area (km2)

Waikumete**

9.5

12

Oratia

9.7

17

Opanuku

15.5

27

Henderson***

3.2

4

Total

-

60

*based on streams delineated from 5 m LiDAR derived DEM
**Includes Waikumete-Oratia reach
***From confluence of Opanuku/Waikumete to Northwestern Motorway
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Figure 3.1 Twin streams location and subcatchments

3.2 REGIONAL GEOLOGY
The geology of the Twin Streams catchment includes two regional groups. Uplands are characterised
by sedimentary and volcanic rock while the lowland plain comprises alluvium (Figure 3.2).
Headwaters of the Opanuku and the Oratia lie in the geologic region of the Nihotipu Formation (Mtn).
This formation consists of fine grained submarine volcaniclastic sandstone and siltstone that outcrop
in the Waitakere Ranges. Sandstones and siltstones are easily eroded relative to harder volcanic rock.
A small section of the top of one of Opanuku’s tributaries lies within the Piha Formation (Mtp), which
consists of stratified andesitic bolder and cobble-pebble breccia and conglomerate. This is locally
interbedded with both volcaniclastic granular sandstone and less frequently volcaniclastic sandstone
and siltstone. A thin area of Cornwallis Formation (Mwc) crosses the tributaries of the Opanuku and
Oratia downstream of the area of the Nihotipu Formation. This formation falls in the Warkworth
subgroup which was formed by the deepening of the Waitemata Basin. It comprises sandstone and

Section 3 Regional and Catchment Settings

30

pelagic mudstone with laminated mudstones and muddy sandstones, re-deposited conglomerates and
volcanistic diamictites.

MAINLY ALLUVIAL SEDIMENTS
PUKETOKA
FORMATION
(Pup)
Pumiceous mud, sand and gravel with
muddy peat and lignite: rhyolites
pumice,
including
non-welded
ignimbrite, tephra and alluvial pumice
deposits; massive micacaous sand.
Alluvial/colluvial deposits, estuarine
deposits, lacustrine/swamp deposits
and fan deposits (Q1a).

MAINLY MARINE SEDIMENTARY AND
VOLCANIC ROCKS
CORNWALLIS FORMATION (Mwc) Thickbedded,
graded,
volcaniclastic
sandstone and thin-bedded fine-grained
sandstone and siltstone (volcanogenic
flysch).

Opanuku
Waikumete
Oratia

EAST COAST BAYS FORMATION (Mwe)
Alternating sandstone and mudstone
with
variable
volcanic
content
(volcanic-poor lower in the sequence
and mixed volcanic content higher) and
interbedded volcaniclastic grit beds.
NIHOTUPU
FORMATION
(Mtn)
Submarine volcaniclastic sandstone and
siltstone.
PIHA FORMATION (Mtp)
submarine
andesitic

Stratified,
breccia-

~2 km
Figure 3.2 Regional geology of the Twin Streams catchment (not to scale)
(from Edbrooke, 2001)

The middle stretches of all three streams, extending to the top of the Waikumete lie on the East Coast
Bays Formation (Mwe). This formation covers a large proportion of the catchment. These rocks
alternate between decimetre bedded graded sandstones and laminated mudstones and are up to 500 m
thick in places. Lower sections of valley floors are made up of alluvial/colluvial deposits (Q1a) that
consist of mud, sand and/or gravel and can have layers of peat or pumice.

The lower part of the catchment runs through the Puketoka Formation (Pup) that consists of Early
Pleistocene non-marine, mainly alluvial sediments. Multiple layers are crossbedded and rippled
including pumiceous or gravelly sandstone, laminated fine-grained pumiceous sandstone, rhyolitic
ignimbrite, carbonaceous mudstone, lignite and peat. These formations are usually between 5-60 m
thick, but in some places exceed 150 m.
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3.3 REGIONAL CLIMATE
The Auckland region has a temperate climate with a mean annual temperature of 15ºC (Table 3.2) and
monthly averages fluctuating between 11 and 20ºC (Figure 3.3a). Extreme temperature aspects such as
snow melt or very high evaporation are rare, having negligible effects on regional flow patterns.
Winds are predominately from the west, though in summer tropical storms originating from the east
and northeast can bring heavy rains (NIWA, 2006c). Rainfall is relatively high with an annual average
of 1240 mm (Table 3.2), reaching a maximum in the winter month of July and a minimum in the
summer month of February. Rainfall is higher in the Waitakere Ranges, with some headwater reaches
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Figure 3.3 Auckland regional climate data
a) mean monthly rainfall and air temperatures (from NIWA, 2006b)
b) mean annual rainfall isohyets (mm) (1980-1997) (ARC, 2002: 4)
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Table 3.2 Summary weather data for Auckland Region (from NIWA, 2006a)
Climatic Parameter (Owairaka Station: 1975 – 2000)

Measurement

Mean Annual Rainfall mm)

1240

Mean Annual Wet days (>0.1mm)

137

Mean Annual Sunshine (hours)

2060

Mean Annual Temperature (ºC)

15.1

Temperature- highest on record (ºC)

30.5

Temperature- lowest on record (ºC)

-2.5

Mean Annual Ground frost days

10

Mean Annual Wind Speed (km/h)

17

receiving up to 2000 mm annually compared with a maximum of 1400 mm in the lower catchment
(Figure 3.3b). Given this warm and wet climate, streams typically flow at fairly consistent levels
throughout the year, barring floods.

3.4 HYDROLOGY
Due to the relatively small drainage area of the Twin Streams catchment even the largest channels are
quite small (up to about 15 m across). Flow gauge data are available for Oratia and Opanuku streams
(Table 3.3, Figure 3.4), upstream of the tributaries’ confluence with Henderson Creek. The 2004
hydrograph shows characteristic low flows of around 0.4 m3/s, with short duration and peaked floods
that seldom exceed 20 m3/s (Figures 3.4 a, b). The 1 in 10 year event for the Oratia at Millbrook Road
(catchment area of 17 km2) and the Opanuku at Vintage Reserve (catchment area of 27 km2) are each
around 70 m2/s (Figures 3.4 c, d). The discharge-area relationship for this catchment has a fairly linear
pattern (Figure 3.4 e).

Table 3.3 Mean Monthly flows for Oratia and Opanuku Streams, in 2004 (in m3/s, data from ARC, 2006)
Oratia
(Vintage
Reserve)
Opanuku
(Millbrook
Rd)

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

0.408

0.402

0.267

0.413

0.859

1.075

1.298

0.798

0.729

1.136

0.508

0.452

0.396

0.395

0.337

0.345

0.806

1.090

1.334

0.836

0.708

1.037

0.493

0.468
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b
Flow Rate: Raw Telemetered Data (m3/s)
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Figure 3.4 Twin Streams flow data
Raw flow rate data (m3/s), 2004 for a) Oratia at Millbrook Rd and b) Opanuku at Vintage Reserve,
recurrence intervals for c) Oratia and d) Opanuku and
e) Area-discharge relationship for the Oratia/Opanuku catchment
(data sourced from ARC, 2006b)
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3.5 TOPOGRAPHY
The topography of the Twin Streams catchment is defined by three main tributary sub-catchments that
drain into the main trunk stream of Henderson Creek, which in turn flows through a flat, lowland
floodplain (Figure 3.5). Sixty percent of the streams in the catchment flow through steeply confined
valleys, with a higher proportion in the Opanuku compared to the Oratia. The Waikumete headwater
stream is only 4% of the catchment channel length and this occurs in the rolling foothills. Streams
have adopted a dendritic drainage pattern. The Oratia has the highest drainage density of 2.08
compared with 1.94 for the Opanuku and only 1.46 for the Waikumete. Elongation ratios describe the
shape of the catchment. Low ratios describe an elongated catchment and higher ratios a catchment
with a more rounded character. Both the Waikumete and the Opanuku have elongation ratios of 0.5,
indicating that the catchments are of an elongate nature whereas the Oratia is slightly less elongate

C re e

k

with a ratio of 0.6. Longitudinal profiles and subcatchment drainage areas are displayed in Figure 3.6.
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Figure 3.5 Twin Streams catchment topography (generated from LiDAR)
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The Waikumete has a relatively flat longitudinal profile (Figure 3.6a), lacking the characteristically
steep headwater section found in Oratia and Opanuku subcatchments. The contributing area also has a
flat profile, as no tributaries draining large areas enter the Waikumete. The Oratia has a very steep
headwater section and a concave shape, with localised areas of increased slope (Figure 3.6b). The
contributing area plot has small steps in the headwater regions and larger steps where joined by the
Waikumete and the Opanuku. The Opanuku has a similar trend to the Oratia (Figure 3.6c), with a
localised steeper area at Little Fairy Falls.
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Figure 3.6 Longitudinal profiles and contributing catchment areas of main tributaries
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3.6 LAND USE
Summary Phases in land use development of the Twin Streams catchment are shown in Figure 3.7.
Maori settlement began in the catchment some 600 years ago (Garriock et al., 1991). At the time of
European settlement in this area in 1849, the landscape was still covered by dense bush (Flude, 1877).
Europeans soon started logging kauri (and digging gum) across the Waitakere. Mills and pit sawing
stations were constructed in Oratia and Henderson sub-catchments (Garriock et al., 1991).

1840

Late 1800s

1950s

Today

Figure 3.7 Land use change over the Twin Streams catchment from the 1840s to present day,
approximated from historical records (not to scale)
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Many streams were dammed and logs were floated down to the saw mills (Copedo, 2003). All
accessible Kauri had been cleared and the Henderson mill was closed by 1866 (Jones, 2002). A
detailed analysis of historical records was conducted to identify catchment-wide land use change from
the time of European arrival until today (Appendix I). Contemporary land use across the catchment is
shown in Figure 3.8.
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Figure 3.8 Twin Streams Land use (2001/2002)
(data from New Zealand Land Cover Database (LCDB2))
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3.7 CATCHMENT PRESSURES AND RESPONSES
An assessment of catchment-wide pressures (land use) and responses (water quality and ecological
parameters) was lead by Waitakere City Council based on data collected from 2003 to 2004 for the 15
sites shown in Figure 3.9. Pressures investigated included traffic, stormwater outlets, waste water
overflows, riparian margins and impervious surface area. Parameters measured to assess river
responses included E. coli, heavy metals, nutrients, temperature, sediment size and distribution and
ecological monitoring such as fish counts, invertebrate analysis and stream habitat characteristics. The
diagrams in the follow sections display these results for each of the sites, A through O moving
downstream in each subcatchment).

Figure 3.9 Sites sampled for the Waitakere Council analysis on the Twin Streams catchment
(from Enviro Ventures and Associates Ltd; Diffuse Sources Ltd; and Kingett Mitchell Ltd, 2005: 2)

3.7.1 Pressures
Data describing the land use pressures within the three tributary sub-catchments is displayed in Figure
3.10, including (a) impervious surface area, (b) wastewater overflow events, (c) traffic density, (d)
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stormwater outlets and (e) riparian vegetation. The Waikumete sub-catchment contains the largest
impervious surface area, the highest number of stormwater outlets, the greatest traffic density, a high
frequency of wastewater overflow events and the least amount of riparian vegetation. With 32% of its
drainage area impervious, the downstream site receives well over the 5% of the impervious area
considered to produce negative water quality effects and even more than the 30% considered to
produce severe effects (Bravard and Petts, 1996: 244). Significant pressure is placed on the flow
regime by the high number of stormwater outlets that increase peak flows and decrease lag times,
often resulting in flooding and erosion problems. Meanwhile, high traffic density and wastewater
overflows provide potential biological and chemical contaminant loads and little riparian vegetation
remains along these streams to provide buffers.

The Oratia sub-catchment contains the next highest level of urban pressures in general, with the
highest level of wastewater overflow events. The Opanuku sub-catchment is affected by few urban
pressures in comparison. While urban pressures are mainly limited to the lower parts of the Oratia and
Opanuku sub-catchments, the middle reaches of both, and the upper reaches of the Oratia, are
subjected to a different set of pressures associated with agriculture, including high potential loading
from fertilisers and dairy waste and erosion due to disturbance caused by cattle grazing.

3.7.2 Responses
Various water quality and ecological parameters measured along with urban land use pressures are
shown in Figure 3.11, including (a) dissolved phosphorus, (b) copper and (c) E. coli concentrations at
the 15 sites sampled. Phosphorus levels were highest in all three of the upper catchments, exceeding
ANZECC guidelines in the upper and middle Oratia, reflecting the pressure of farming in these areas.
Excess phosphorus can exacerbate algal and periphyton growth and threaten stream fauna. Copper,
which may exist in runoff carrying certain common urban materials or pesticides, exceeded ANZECC
guidelines in at least one site in each of the three lower catchment areas. E. coli concentrations at the
headwater sites (A, E and J) were low in contrast with most of the urban sites across all trunk streams
which, falling into Microbiological Assessment Category (MAC) D, indicate very poor suitability for
recreation.

Graphic results for various ecological parameters measured at the 15 sites are shown for MCI scores
(Figure 3.12), percent EPT (Figure 3.13), periphyton (Figure 3.14), sediment composition (Figure
3.15), and riparian canopy (Figure 3.16). MCI scores decline downstream, as urbanization increases,
clearly indicating that urban pressures affect river ‘health’. Waikumete sub-catchment is the most
urbanised, with upstream reaches having moderate to mild enrichment and downstream reaches having
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a

b

c

d

e

Figure 3.10 Summary of urban land use pressures on water quality at 15 sites by sub-catchment:
a) percentage of the impervious drainage area, b) the number of waste water overflow (WWOF) events,
c) traffic density per hectare, d) stormwater outlets per hectare, e) proportion of stream length with less
than 10 metre width of riparian vegetation
(Enviro Ventures and Associates Ltd; Diffuse sources Ltd; and Kingett Mitchell Ltd, 2005: 10, 11)

Section 3 Regional and Catchment Settings

41

severe enrichment. This indicates that the pressures noted above have significant effects on the
ecology of the catchment.

These results are mirrored by the % EPT taxa results. EPT refers to pollution sensitive taxa that
disappear when pollution gets above a certain level. With the exception of the headwater site, EPT
taxa are severely depleted in the Waikumete, which is expected for this urban sub-catchment. The
Oratia shows a clear and rapid downstream decline in EPT tax as agriculture and pastoral land use
increases. The Opanuku, however has a low proportion of EPT taxa at the upstream site, a slight
increase downstream, then none at the downstream site. This pattern is not expected, as the upstream

a

b

c

Figure 3.11 Summary of water quality results at 15 sites by sub-catchment:
a) dissolved reactive phosphorus, b) dissolved copper c) E. coli measured in Microbiological Assessment
Categories (MAC) indicating the threat to human health
(Diffuse Sources Ltd; Enviro Ventures and Associates Ltd; and Kingett Mitchell Ltd, 2005: 18, 20, 25)
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site contains the greatest area of native forest and least agricultural and urban area. Periphyton
measurements were generally under the MfE guideline, with the exception of the late summer in the
middle section of the Waikumete indicating an excessive plant growth. This factor can affect the
ecology by decreasing light and altering food webs (Suren and Elliott, 2004). Sediment substrate
compositions vary markedly from site to site (Figure 3.15). The Opanuku has a clear progression from
bedrock and boulders to fines. The Oratia increases and then decreases in fines with more gravels in
the downstream section. The Waikumete had fines at the top and bottom of the catchment, with
bedrock at the top, whist the midsection has more gravels and cobbles. Bedrock extends a long way
downstream for all three trunk streams.

Figure 3.16 shows the change in riparian canopy vegetation within 5 m of the channel. The upstream
stretches of all three sections have high amounts of young native vegetation, but it decreases
downstream. It is largely replaced with exotic treeland along the Oratia and Waikumete. There is an
overall loss of vegetation, with about 30% of the two most downstream sites having no riparian
vegetation within 5 m of the channel.
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Waikumete

d/s
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Late summer

Figure 3.12 MCI scores at 15 sites derived from data collected at early and late summer
(from Kingett Mitchell Ltd, Enviro Ventures and Associates Ltd and Diffuse Sources Ltd, 2005: 32)
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Figure 3.13 Percent EPT taxa counts at 15 sites derived from data collected at early and late summer
(from Kingett Mitchell Ltd, Enviro Ventures and Associates Ltd and Diffuse Sources Ltd, 2005: 34)
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Figure 3.14 Ash Free Dry Weight of periphyton at 15 sites, in early summer and late summer
(from Kingett Mitchell Ltd, Enviro Ventures and Associates Ltd and Diffuse Sources Ltd, 2005: 34)
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Figure 3.15 The relative sediment substrate composition of the Twin Streams Catchment
(from Kingett Mitchell Ltd, Enviro Ventures and Associates Ltd and Diffuse Sources Ltd, 2005: 16)
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Figure 3.16 Composition of the canopy riparian vegetation within five metres of the channel at 15 sites
(from Kingett Mitchell Ltd, Enviro Ventures and Associates Ltd and Diffuse Sources Ltd, 2005: 20)

The following section describes the River Styles® and the variability in river character and behaviour
across the Twin Streams catchment, relating these patterns to the various attributes of the regional
setting that have been appraised in this section.
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SECTION 4
CLASSIFICATION OF RIVER STYLES® AND CATCHMENT-WIDE SURVEY
OF RIVER CHARACTER AND BEHAVIOUR

This section presents the River Styles® that have been classified in the Twin Streams catchment and
describes the observed character and behaviour that differentiate them. Field observations are then
interpreted to describe the controls acting upon the character, behaviour and downstream patterns of
each River Style®.

4.1 RIVER STYLES® IN THE TWIN STREAMS CATCHMENT
Nine different River Styles® were defined for the Twin Streams catchment. Their distribution
throughout 3 landscape units is shown in Figure 4.1. Total stream length per style is given in Table
4.1.

A brief description of each River Style® is presented here along with photographs of

representative reaches (Figure 4.2). Proformas describing characteristics of each representative field
reach, including detailed analyses of geomorphic units, are provided along with additional site
photographs in Appendix I. Table 4.2 defines the range of geomorphic units that were observed in this
study. Distinguishing attributes of River Styles® are summarised in Table 4.3 and in the River Styles®
tree for Twin Streams catchment in Figure 4.3.
The Steep bedrock confined headwater River Style® is found where the valley sides are adjacent to the
channel over 90% of the reach, and no floodplains are present. It has a single channel of low
sinuosity, being constricted by valley walls. The geomorphic units include waterfalls, cascades, scour
holes and plunge pools. This River Style® has a steep nature and high stream power, resulting in little
sediment being present in the reach, with the exception of small accumulations of cobbles and gravels
in pools. The channel bed and surrounding areas consist of bedrock, providing the key control on the
path of the water.
The Confined, low sinuosity, gravel bed River Style® is found where the valley sides are adjacent to
the channel over 90% of the reach, and no floodplains are present. It has a single channel of low
sinuosity, constricted by valley walls. The units present include pools, riffles and runs. In the upper
reaches, steps are also common. Bed materials consist of gravels, cobbles, boulders and bedrock.
Bedrock is a dominant control upon the distribution of the units present, which gives rise to local
diversity in the assemblage of units present.
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Figure 4.1 Distribution of River Styles® in the Twin Streams catchment

Table 4.1 Total and proportional stream lengths for each River Style® in the Twin Streams catchment
Total length
(km)

Proportional
channel length (%)

Confined low sinuosity gravel bed

70

59

Steep bedrock confined headwater

1

1

Confined low sinuosity mixed bed

5

4

Partly confined, low sinuosity, bedrock, gravel and cobble bed

25

21

Partly confined, low sinuosity, fine bed

8

7

Unconfined low sinuosity river with tidal influence

4

3.5

0.5

0.5

Piped

4

3

Channelised

1

1

®

River Style

Intact valley fill
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Table 4.2 Definitions of geomorphic units in the Twin Streams catchment
Geomorphic
Unit

Definition

Floodplain

Lies adjacent to the channel, and is bound by the valley margin. This unit is typically parallel to the
active channel, however shape is highly variable. They are the principal storage unit within the
catchment.

Pool

Deep areas of channel, with low velocities or standing water. They may be forced (e.g. by bedrock), or
alluvial forms. Alluvial pools are typically found on the concave bank of bends in sinuous channels.

Riffle

A topographic high on the bed of the channel. Typically occur between bends in a sinuous channel.
Gravels are clustered, and tend to be imbricated. Induce local steepening of the bed, with a typically
rippled water surface at low flow stages.

Longitudinal
bar

Mid-channel bar unit, with an elongate, teardrop shape. Sediment typically fines downstream. Forms
when flow conditions become either capacity- or competence- limited.

Forced midchannel bar

Mid-channel bar that is formed due to an obstruction to the flow (e.g. bedrock outcrop, large woody
debris).

Point bar

Bank-attached bar, arcuate-shaped, formed along the convex banks of meander bends. The bar follows
the alignment of the channel. Grain size typically fines downstream. Form as the channel shifts toward
the outer bank, with the sand and gravel bedload being deposited on the inner side of the bank by
helical flow.

Lateral bar

Bank-attached bar, developed along low-sinuosity reaches. Forms as the flow adopts a sinuous path in
gravel and mixed bed channels.

Bench

A steeped elongate feature, inset along one or both banks. This unit is a large within-channel storage
unit. These units may comprise of mud drapes with a convex geometry in suspended-load systems, or
obliquely and vertically deposited sands in bedload systems.

Run and glide

Lengths of relatively uniform and featureless bed. A run is where the flow is rippled or turbulent,
whereas glides comprise of relatively laminar flow.

Waterfall and
plunge pool

Locally resistant bedrock forms channel-wide or greater drops. Typically characterised by a plunge pool
at the base, formed by the erosion of the high-energy flow from the step.

Scour hole

Deep, circular scour feature, occurring where flow energy is concentrated.

Cascade

Stable coarse grained or bedrock features in confined valley settings, where flow cascades over
vertically and horizontally disorganised bed material. These are separated by localised areas of more
tranquil flow.

(adapted from Brierley and Fryirs, 2005)

The Confined, low sinuosity mixed bed River Style® is found where the valley sides are adjacent to the
channel over 90% of the reach, and no floodplains are present. It has a single channel of low
sinuosity, which is stable due to valley constriction. The channel has incised into cohesive clay on the
valley floor, which has resulted in a low diversity of geomorphic units, consisting predominately of
runs. Clast sizes range from mud to small gravels.
The Partly confined, low sinuosity, bedrock, gravel and cobbled bed River Style® is found where the
channel abuts the valley margin between 10 and 90% of the reach length. The Style has a low
sinuosity single channel, which locally splits where mid-channel bars are present. The channel is
generally laterally stable, due to bedrock constrictions. Bedrock is a dominant forcing element.
Various within-channel geomorphic units are observed, including pools, longitudinal and lateral bars,
riffles and runs. Floodplain pockets are also present, commonly around 2 m above the channel. A
range of clast sizes are present, including boulders, cobbles and gravels.
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Upper Catchment

Mid Catchment

Lower Catchment

Steep bedrock confined headwater

Confined, low sinuosity, gravel-bed

Partly confined, low sinuosity, bedrock, gravel
and cobble bed

Unconfined, low sinuosity with tidal influence
(riverine)

Intact Valley Fill

Confined, low sinuosity mixed bed

Partly-confined, low sinuosity, fine-bed

Unconfined, low sinuosity with tidal influence
(estuarine)

5m

Figure 4.2 Photographs of representative reaches of each River Style
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Table 4.3 Distinguishing attributes of River Styles in the Twin Streams catchment
River Style

®

Defining Attributes

Valley Setting/
Landscape Unit

River Character
Channel
Planform

Geomorphic
Units

River Behaviour
Bed Material Texture

Steep bedrock
confined
headwater

Very steep slopes, dominance of
bedrock forced features such as
waterfalls.

Confined, low
sinuosity gravel
bed river

Steep slopes, bedrock forced
features common, but fineConfined/
grained sediment accumulations Steep Uplands
are more dominant downstream.

Single
Pools; Runs;
Channel,
Riffles; Banks
low sinuosity

Confined, low
sinuosity, mixed
bed river

Characterised by homogenous
runs, with flow varying only due
to localised forcing by in-stream
vegetation & wood.

Single
channel, low Runs
sinuosity

Gravels, sands, mud

Low flows: Flushing of fine-grained material.
Bank-full flows: Forcing elements such as wood reworked, releasing and consequently
flushing fine-grained material.
Over-bank flows: Similar to bank-full; bank erosion causing slumping may occur.

Partly confined,
low sinuosity,
bedrock, gravel
and cobble bed
River

Similar to confined, low sinuosity
gravel bed river, however
Partly confined/
floodplain pockets develop and
fine-grained sediment
Rolling foothills
accumulations are more defined
and structured.

Pools;
longitudinal and
Single
lateral bars;
riffles; runs;
Channel,
low sinuosity benches;
floodplain
pockets

Dominated by boulders,
cobbles and gravels with
bedrock outcrops
common

Low flows: Little impact; accumulation of fine-grained material behind obstructions.
Bank-full flows: Flushing of fine-grained material; reworking in bars, riffles & runs.
Over-bank flows: Form and locally redistribute geomorphic units; bedrock resculpted;
floodplain destruction, formation and reworking.

Glides; Banks;
Single
benches;
channel, low
Floodplain
sinuosity
pockets

Dominated by sand and
mud; some localised
accumulations of gravel

Low flows: Flushing of fine-grained material.
Bank-full flows: Forcing elements such as wood reworked, releasing and consequently
flushing fine-grained material; scouring and slumping of banks; where gravels present,
these may be reworked.
Over-bank flows: Similar to bank-full flows; floodplain destruction and reworking.

Pools; lateral
bars; midSingle
channel forced
channel, low bars; glides;
sinuosity
runs; tidal mud;
banks; modified
floodplain

Dominated by sand and
mud; some gravels;
localised bedrock
outcrops; abundance of
urban litter

Low flows: Fine-grained material transported through reach, some trapped behind
obstructions.
Bank-full flows: Obstructions to flow flushed; scouring and slumping of banks
Over-bank flows: Similar to bank-full flows; floodplain destruction and reworking,
however this will be limited by human stabilization of banks.

Dominated by tidal mud

Low flows: Little work carried out due to low flow energy
Bank-full flows: Small volumes of mud transported
Over-bank Flows: top layer of channel bed and banks reworked

Confined/
Steep Uplands

Confined/
Rolling foothills

Low slope and low diversity of
instream geomorphic units
Partly confined,
Partly confined/
(dominated by glides) some
low sinuosity, fine
localised accumulations of gravel Rolling foothills
bed river
and associated increased
geodiversity.

Single
Waterfalls;
Bedrock, localised
Low, bank-full and over-bank flows: little work carried out due to resistant bedrock;
Channel,
Cascades; Scour accumulations of cobbles fine-grained material washed through reach.
low sinuosity Hole; Plunge Pool and gravels
Low flows: Little impact; flushing fine-grained material.
Gravels to boulders, with
Bank-full flows: Flushing of fine-grained material; reworking in riffles and runs.
bedrock outcrops
Over-bank flows: form and locally redistribute geomorphic units; bedrock resculpted
common
in extreme events.

Unconfined, low
sinuosity river
with tidal
influence
(riverine)

Low slope, straight single
channel, with tidal influence.
Dominated by fine-grained
material, however forced local
accumulations of gravels are
present.

Unconfined, low
sinuosity river
with tidal
influence
(estuarine)

Low slope, low sinuosity channel
Laterally
with mud accumulations on banks
unconfined/
& bed, flow consisting of
Alluvial Floodplain
homogeneous glides.

Single
Slow flowing
channel, low
glides
sinuosity

Intact Valley Fill

No channel, continuous intact
swamp.

No channel

Continuous intact Dominated by sand and
swamp
mud

At all flow stages, flow is dissipated, so the geomorphic structure remains intact.

Channelised

Single, straight channel, bank &
bed comprised of concrete.

Single
straight
channel

Concrete banks;
Floodplain
pockets

Absence of bed material

At all flow stages, flow is contained within concrete channel, with sediment being
flushed through the reach.

Piped

Channel has been redirected into
underground pipe, retaining no
natural attributes.

Channel
within pipe

No geomorphic
units

Absence of bed material

At all flow stages, flow is contained within pipe, allowing no geomorphic work to be
carried out.
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Valley Settings and River Styles
Partly Confined

Confined

Relatively straight valley

Floodplain absent
Waterfalls,
cascades,
plunge pools,
scour holes
Boulders,
gravels,
bedrock
Steep
bedrock,
confined
headwater

Pools,
riffles, runs
Boulders,
cobbles,
gravels,
bedrock
Confined low
sinuosity
gravel bed

Laterally unconfined

Runs

Channel along valley
margin 10-90%
Low sinuosity

No channel

Single channel

Intact valley
fill

Low Sinuosity

Gravels,
sands, muds

Confined low
sinuosity
mixed bed

Continuous channel

Longitudinal and
lateral bars, pools,
rifles, runs,
floodplain pockets

Glide and
floodplain
pockets

Bedrock, boulders,
cobbles, gravels

Sands, muds,
gravels

Partly confined low
sinuosity bedrock,
gravel and cobble
bed

Partly confined
low sinuosity
fine bed

Laterally stable
Tidal influenced
Pools, glides, runs,
lateral and midchannel force bars
Predominantly
silts and sands
Unconfined low
sinuosity with
tidal influence

Channel
Valley
Floodplain
Intact valley swamp
Waterfall/cascade
Riffle

®

®

Figure 4.3 River Styles tree describing distinguishing attributes of River Styles in the Twin Streams
catchment

The Partly confined, low sinuosity, fine-bed River Style® is very similar to the Confined, low sinuosity,
mixed bed river in both character and behaviour except that the channel abuts the valley margin
between 10 and 90% of the reach length. A large length of the reach in the Opanuku catchment is
pinned against the left valley margin. It is a single-thread stream of low sinuosity, which has the
capacity to laterally migrate within the floodplain pocket. It has a relatively homogenous distribution
of flow and within-channel geomorphic units, being largely comprised of glides with locally varying
width and depth characteristics. The floodplain pockets comprise incised banks, and heavily modified
surfaces. Exotic shrubs and grasses are found within the channel, and are an important forcing
element. Clasts are predominately fine-grained (sand and mud) with some gravels. In Waikumete
Stream, there are local abundances of gravels and cobbles, possibly due to recent urban developments
and localised bridge effects.
The Unconfined, low sinuosity with tidal influence River Style® is a stable (largely a function of
human intervention), single channel within an open alluvial valley, where the channel does not abut
the valley margin. This style becomes wider and more homogeneous as tidal mud covers the channel
floor and mangroves increasingly inhabit the banks. In some areas the alluvium is relatively shallow
and the channel has a bedrock base. There are continuous floodplain surfaces along the valley
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margins, which have been heavily modified by human settlement and development. Due to the tidal
influence, depth fluctuates between around 0.5 m at low tide to 2.5 m at high tide. The instream
geomorphic units include pools, lateral bars, mid-channel forced and non-forced bars, glides, and runs
which have a random distribution due to a legacy of channel alteration, and the distribution of forcing
factors (e.g. wood, bedrock). The bed material largely consists of tidal mud, sand, some localised
gravels and cobbles and areas of bedrock. There is also a high abundance of urban litter.
The Intact valley fill River Style® is located in an unconfined valley setting where accumulations of
sediment and dispersed water have created an intact valley fill. There is no channel, as a continuous
intact swamp extends to both valley margins. The bed is comprised of silts and sands, and a large
proportion is covered by native vegetation (flaxes and shrubs).
Two anthropogenically forced River Styles® are observed within the Waikumete catchment, the piped
and channelised River Styles®. Within the piped style, the channel has been redirected into an
underground pipe, and consequently no longer contains any geomorphic attributes. The channelised
style is characterised by concrete bed and banks, with a very straight channel.

4.2 BEHAVIOUR OF TWIN STREAMS RIVER STYLES®
Geomorphic work at low flow stage is restricted to the flushing of fine-grained materials. During
bank-full events, it is inferred that local reworking of temporary stores such as bars, and the scouring
of pools takes place throughout the catchment. During over-bank flows, floodplains are formed and/or
reworked. There is little evidence of contemporary lateral channel shifting within the catchment.
Behaviour is largely constrained by cohesive floodplain materials and the dominance of local bedrock
exposures. Little geomorphic work is inferred to be carried out within the Steep bedrock confined
headwater style, due to the high proportion of the bed and banks being comprised of bedrock. Little
geomorphic work is also inferred to be carried out in the Intact valley fill style, as flow is dissipated at
all flow stages.

4.3 DOWNSTREAM PATTERNS OF TWIN STREAMS RIVER STYLES®
Figure 4.4 graphically summarises the downstream patterns of River Styles® within the Twin Streams
catchment. The longitudinal profiles (Figure 4.5) show that a distinct downstream pattern is observed
in each sub-catchment. The Waikumete sub-catchment comprises three headwater River Styles®,
including Intact valley fill, Confined mixed bed and Piped inputs. The Waikumete trunk stream
represents the Partly confined, low sinuosity, fine bed River Style®. The upper Oratia catchment is
comprised of steep headwater reaches, primarily the Confined low sinuosity gravel bed River Style®.
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The trunk stream is characterised by the Partly confined low sinuosity bedrock, gravel and cobble bed
River Style®. It is interesting to note that a fine bed section of the Waikumete trunk stream drains into
a coarse bed section, downstream of its confluence with Oratia Stream. The Opanuku sub-catchment
has a similar downstream pattern to that of the Oratia sub-catchment. Confined low sinuosity gravel
bed and Steep headwater reaches comprise the upper catchment and middle reaches consist of the
Partly-confined, low sinuosity bedrock, gravel and cobble bed River Style®, which gradually give way
to Partly confined, low sinuosity fine bed reaches. The Waikumete and Opanuku trunk streams feed
into Henderson Creek, the Unconfined, low sinuosity with tidal influence River Style®, which becomes
increasingly estuarine downstream.

Piped,
channelised

Confined
mixed bed

Intact valley
fill

Waikumete Trunk Stream
Partly confined with floodplain
pockets, fine bed

Confined,
gravel bed

Steep headwater &
confined gravel bed

Oratia Trunk Stream
Partly confined with floodplain
pockets, gravel bed

Opanuku Trunk Stream
Partly confined with floodplain
pockets, gravel/mixed bed to
Partly confined with floodplain
pockets, fine bed

Waikumete Trunk Stream
Partly confined with floodplain
pockets, gravel bed

Henderson Trunk Stream
Unconfined low sinuosity, fine
bed, with tidal influence, riverine
dominated

Henderson Trunk Stream
Unconfined low sinuosity, fine bed,
with tidal influence, estuarine
dominated
®

Figure 4.4 Downstream patterns of River Styles in the Twin Streams catchment

4.3.1 Analysis of controls on River Styles® and downstream patterns
A number of dominant controls are identified in the Twin Streams catchment (see Table 4.4 and
Figures 4.5 and 4.6). Stream power, which decreases downstream as slope decreases, is accompanied

Section 4 Classification of River Styles®

53

by an increase in valley width, dissipating flow energy. In the areas of higher slope and low valley
width (e.g. the Steep bedrock confined headwater, Confined low sinuosity gravel bed and Confined
low sinuosity mixed bed River Styles), the high energy levels enable sediment to be flushed through
the reaches, limited only locally by wood and bedrock exposures. The stream power of the midcatchment intermediary slopes (e.g. Partly confined, low sinuosity, bedrock, gravel and cobble bed
River Style), remains significant due to the increase in the catchment area and discharge with the input
of tributaries, allowing them to act as transfer reaches. As the slope flattens, the flow looses
competence to transport the larger material, resulting in fine-bedded channels (e.g. Partly confined,
low sinuosity, fine bed and Unconfined low sinuosity with tidal influence River Styles) in lower
reaches.

Local protrusions of bedrock are prominent throughout the catchment, including lower reaches,
exerting local forcing factors upon geomorphic units and lateral control upon the channel. Effects of
direct anthropogenic influence are especially prominent in Waikumete sub-catchments where piping
of some sections of channel has occurred. This assessment of geomorphic river character and
behaviour in Twin Streams catchment provides a physical platform with which to analyse the range of
geomorphic river condition in the catchment.

®

Table 4.4 Controls on river character and behaviour of River Styles in the Twin Streams catchment
River Style

Confined low sinuosity
gravel bed river
Steep bedrock confined
headwater
Confined low sinuosity
mixed bed river
Partly confined, low
sinuosity, bedrock,
gravel and cobble bed
river
Partly confined, low
sinuosity, fine bed river
Unconfined low
sinuosity river with tidal
influence
Intact Valley Fill

Valley Slope
(average)
(m/m)

Valley
Width
(m)

Catchment Area
(km2)

Approximate Unit stream
power (Wm-2) for 1 in 2.33
year flood (average)

0.050

>10

0-4

>100

0.2

>10

1-2

>100

0.06

>1.5

0-1

>100

0.006

>100

2.5-18

20

0.003

>500

2-24

17

0.0005

Unconfined

18-62

1.5

-

100

-

-
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a) Waikumete Subcatchment

b) Oratia Subcatchment

c) Opanuku Subcatchment

Figure 4.5 Longitudinal profiles, catchment area, the distribution of
River Styles®, valley width, landscape units, valley-setting,
contemporary process zone and sediment transport regime for subcatchments a) Waikumete b) Oratia and c) Opanuku
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Legend
Planform Map
Channel
Valley
Floodplain
Intact Valley Swamp
Waterfall/cascade
Riffle

Channel Cross Sections
Water line
Native undergrowth
Native trees
Exotic undergrowth
Exotic trees

Valley and Channel Confinement
Valley
Channel

®

Figure 4.6 Summary controls on the character and behaviour of River Styles in the Twin Streams catchment
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SECTION 5
ASSESSMENT OF GEOMORPHIC RIVER CONDITION IN THE
TWIN STREAMS CATCHMENT

The River Styles® framework provides the physical context within which ecological and hydrological
processes interact. Geomorphic river condition is appraised in context of these interactions, relating
field assessed reach condition to an ‘expected’ condition, given the natural range of character and
behaviour for that River Style®. Given the urban imprint upon the Twin Streams catchment,
geomorphic attributes related to anthropogenic disturbance are included in this report. Results of field
assessments are first discussed relative to conditions expected for specific River Styles®. Overall river
condition is assessed for a total of 27 reaches for 7 River Styles® (Figure 5.1), based on the condition
assessment for each geoindicator (Figure 5.2). Field diagrams for all field reaches are presented in
Appendix III. Sub-basin patterns of reach condition are then assessed, in light of controls associated
with longitudinal catchment position. Finally, catchment-wide variability is appraised.
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Figure 5.1 River Styles and overall condition of sites sampled
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a) channel geometry (left)

Geoindicator Condition
Good
Moderate
Poor

b) geodiversity (below)

c) riparian vegetation (below)

d) urban
modification
(below)

River Styles

®

Figure 5.2 River Styles and condition of each geoindicator of sites sampled
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5.1 CONDITION ASSESSMENTS BY RIVER STYLE®
5.1.1 Steep confined headwater reach
The 1 km reach of this River Style® in the Twin Streams catchment was determined to be in good
condition (Figure 5.1). This is to be expected at this River Style® is very resilient to change as it
predominantly consists of bedrock and has enough energy to remove excess fine-grained materials that
enter the system. Slope affects the flow which creates a high variability of flow types. Sediment
diversity is minimal other than fine-grained deposits and boulders stored in pools.

a) substrate/habitat

b) flow

c) flow superimposed on habitat
Upper Fairy Falls
Site 20
Opanuku Tributary

Good

Figure 5.3 Diagrams of (a) substrate/habitat, (b)
flow and (c) flow superimposed on habitat for good
condition reach of the Steep confined headwater
®
River Style

5.1.2 Confined, low sinuosity, gravel-bed reaches
Of the eight field sites representing the Confined, low sinuosity, gravel-bed River Style®, five were
rated in good condition, two in moderate condition, and one in poor condition. An example of a reach
in each of the three conditions is shown in Figure 5.3. These reaches show unexpected variation
through the continuum from good to poor condition. While the confined valley setting typically makes
this River Style® resistant to geomorphic change, the high natural diversity of these reaches in the
Twin Streams catchment has allowed for significant change in bed character.
Reaches rated in good condition were observed with a very high level of heterogeneity, as was
especially observed in the large range of clast sizes. Sediment was well sorted, with larger materials
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occupying riffle areas, a gravel bar comprising mid-sized material and finer sediments covering the
channel bed. Flow units were similarly diverse, including riffles, runs, steps, pools, and slower flows
that percolate through the bars and dead water areas.

This complex array of geomorphic and hydraulic units becomes more simplified in reaches with more
deteriorated, moderate conditions. Though less pronounced, these reaches exhibited some
heterogeneity of bed features. The reach shown in Figure 5.3 has glides, runs and riffles, but no pools
or deadwater areas for refugia. Fine sediment, mainly sand, is quite high and in some areas covers the
bedrock, reducing habitat and potentially smothering biota.

a) substrate/habitat

b) flow

c) flow superimposed on habitat

Figure 5.4 Diagrams of a) substrate and habitat, b) flow and c) flow superimposed on habitat for good,
moderate and poor condition variants of the Confined, low sinuosity, gravel bed River Style
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The reach found to be in poor condition showed dramatic changes from those in good or even medium
condition states. The entire stream bed has been covered in silt and any structures that may have
existed have been lost. This homogeneity, along with excess nutrients from surrounding land use, has
resulted in high in-stream vegetation growth, which has choked the channel. While vegetative
overgrowth produces some diversity of flow that may benefit biota, this represents a much degraded
system lacking diversity in geomorphic structure.

5.1.3 Confined, low sinuosity, mixed-bed reaches
Two sites sampled representing the Confined, low sinuosity, mixed-bed River Style® were found to be
in extreme conditions; good and poor (Figure 5.4). This River Style® is typically dominated by fine
grained material, lacking coarse material to create distinct geomorphic units. However, diversity in
channel geometry can serve to capture wood inputs and initiate the creation of structure.

A good condition has been maintained in the Fernwood Crescent reach, with wood and organic debris
trapped at strategic points to create structure. This has created a diversity of flow types, with a steppool configuration seen in Confined gravel bed rivers. Such different flow types can create different
patterns of sediment storage with pools accumulating fine-grained sediment and forced steps washing
it through.

In contrast, the poor condition variant has little diversity of character or structure. Wood is common,
but its distribution is chaotic and adds little structure, though it is responsible for the little variation
that is seen. The bed material is mainly homogenous consisting of silt with a scattering of gravels.
This has little affect on flow, which mainly consists of glides. Deterioration in morphology from good
to poor condition represents a loss of habitat that could have significant impacts on biota.

5.1.4 Intact Valley Fill
Only one reach of the Intact Valley Fill River Style® was present in the Twin Streams catchment. This
site was judged to be in a moderate condition. The presence of dryland plants, such as buttercup and
wandering jew, indicated a reduction in the water level and multiple drains into the swamp indicated
that the hydrology of the swamp has been altered. While the condition of these geoindicators and the
presence of some invasive species and a deteriorated riparian strip prevented this reach being
classified in good condition, a poor condition variant would have a greater extent of invasion by exotic
species and show signs of sedimentation or erosion due to altered hydrology.
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a) substrate/habitat

b) flow

c) flow superimposed on habitat

Figure 5.5 Diagrams of a) substrate and habitat, b) flow and c) flow superimposed on habitat for good and
poor condition variants of the Confined, low sinuosity, mixed bed River Style

5.1.5 Partly confined, low sinuosity, bedrock, gravel and cobble bed
Of the seven reaches sampled representing the Partly confined, low sinuosity, bedrock, gravel and
cobble bed River Style®, three were assessed as being in good condition, one in moderate condition
and three in poor condition (Figure 5.6). This variability shows a similar pattern to the Confined gravel
bed river.

The good condition variant has a high diversity, featuring characteristic grain sizes for varying
geomorphic units, with silts in pools and cobbles at the head of the bars and in riffle areas. There were
also localised areas of bedrock and riffle areas where wood and organic debris has been trapped. This
is associated with characteristic patterns of flow diversity. Channel shape is partly controlled by
bedrock, showing high variation in width (5.5 to 11.7 m) and depth (0.2 to 1 m).
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Moderate condition reaches show a reduced diversity of all aspects. Bed material is more homogenous
with large areas covered by silt. However, geomorphic units retain specific sediment characteristics,
such as gravel bars and submerged sand bars. Flow variability is good, but medium condition rivers
have a decreased occurrence of riffle and pool flows. Channel width varies between 3.2 and 4.9 m,
while depth retains a good diversity between 0.13 and 1.1 m.

The change in condition from medium to poor is dramatic. The poor condition site had an influx of
fine grained sediment that has covered the bed material, smothering any diversity. Channel geometry
was homogenous throughout the site, with the only diversity caused by an accumulation of rubbish in

a) substrate/habitat

b) flow

c) flow superimposed on habitat

Figure 5.6 Diagrams of a) substrate and habitat b) flow and (c) flow superimposed on habitat for good,
moderate and poor condition variants of the Partly confined, low sinuosity, bedrock, gravel and cobble bed
®
River Style
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the centre of the channel, causing accumulations of small gravels and a change in flow. The river is
disconnected from the floodplain and has little wood. This river has a poor condition riparian margin
and a high intensity of urbanisation.

5.1.6 Partly confined, low sinuosity, fine-bed reaches
Of the four reaches sampled representing the partly confined, low sinuosity, fine-bed River Style®, two
were determined to be in good condition and two in poor condition. Diagrams showing one of each
condition are shown in Figure 5.7.

The good condition reaches showed a very high diversity in channel morphology. Bed material was
well sorted, with fine sediment in pools and bedrock areas with faster flow biotypes. Wood was stored
in the pools and algae were present on the bedrock run, showing that primary production was healthy.
Flow also showed a high diversity including runs, steps, pools and areas of recirculating flow.

a) substrate/habitat

b) flow

c) flow superimposed on habitat

Figure 5.7 Diagrams of (a) substrate and habitat, (b) flow and (c) flow superimposed on habitat for good
®
moderate and poor condition variants of the Partly confined, low sinuosity, fine bed River Style
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The poor condition sites had no diversity in geomorphic units. Width and depth varied little and the
bed material consisted of fine grained material with a scattering of small gravels in a chaotic
distribution. Flow also showed little diversity. This reach also had quite a large area of bank slumping.
The river was not connected to the floodplain due to very high banks. Local wood was present as the
only indicator of diversity in the system.

5.1.7 Unconfined, low sinuosity, tidal influenced reaches
The Unconfined, low sinuosity, tidal influenced River Style® is present in the trunk stream of
Henderson Creek, positioned at the lower end of the catchment where it receives upstream impacted
waters and flows through a heavily developed landscape. This reach is in poor condition. Figure 5.8
shows the upstream riverine section and downstream estuarine section, where tidal dominance is much
stronger.

a) substrate/habitat

b) flow

c) flow superimposed on habitat

Figure 5.8 Diagrams of (a) substrate and habitat, (b) flow and (c) flow superimposed on habitat for poor
®
condition riverine and estuarine reaches of the Unconfined, low sinuosity, tidal influenced River Styles
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The riverine section displayed a very homogenous character, with bed materials of mud and scattered
small gravels, lacking any organisation. Flow was also very uniform with only slight differences in
velocity. The river displayed signs of bank slumping in straight sections and an over-widened channel.
Levees are high and no connection with the floodplain remains. Riparian vegetation is also scattered
and consists of a mix of natives and exotics.

The estuarine section displays a simpler and even more homogenous character. The channel is straight
with minimal storage of wood. No diversity of flow or geomorphic units is evident. Channel bed
material consists of tidal mud and exhibits no sign of different depositional environments such as areas
of sand or gravels, indicating a high sediment flux from upstream. No wetlands or secondary channels
are present. This river lacks the diversity that would be expected to be seen in an estuary in good
condition.

5.2 PATTERNS OF CONDITION IN SUB-CATCHMENTS
The condition of rivers throughout the Twin Streams catchment followed patterns specific to each
subcatchment. Tables 5.1 - 5.3 summarise the overall and geoindicator condition by River Style® for
each subcatchment.

5.2.1 Waikumete
The Waikumete trunk stream has areas in poor condition that start from the headwater section. Part of
this is due to the obvious degradation in morphology associated with the Piped River Style®. This
trunk has four tributaries all in poor or medium condition, with the exception of a small area at the tip
of the most eastern stream. These streams have quite disturbed riparian vegetation and have poor
condition channel geometry and low levels of diversity. The exception is the Bishops Creek tributary,
which is in moderate condition. The site surveyed on this reach was an Intact valley fill, which has
undergone invasions of exotic plants and alterations in hydraulic integrity.

Mid-catchment streams were in surprisingly good condition, with an appropriate range of channel
geometry and geo-diversity and riparian vegetation in a good or moderate condition. This was
unexpected as they are in areas rated moderate on the urban index. Condition rapidly declines at the
confluence of the Waikumete and the Oratia.
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5.2.2 Oratia
The Oratia also shows a decline in condition at a point fairly high up in the catchment. Some
tributaries remain in a good condition such as Cantwell Stream and Oratia Stream, while others have
become degraded. One of the main causes of degradation is high loads of fine grained sediment that
has smothered bed material, decreasing diversity. Areas of bank erosion were also seen. This has
resulted in widespread aggradation in source or transfer zones which is not characteristic to these
zones. Though there was a lot of fine-grained sediment, these sites still retained diversity of flow and
geomorphology and retained a connection to the floodplain, resulting in good or moderate scores for
the geodiversity geoindicator. No abundant instream vegetation was seen at any of these sites but the
riparian margin was disturbed at half of the sites and had a patchy distribution. This section of the
catchment has orchards, pasture and lifestyle blocks fairly high up in the catchment, though impacts
are buffered by native bush along stream margins.

The section between the Oratia/Waikumete and the Oratia/Opanuku confluences was found to be very
degraded and in poor condition. Excess fine-grained material covered the bed, creating homogenous
structure and flow with very little difference in channel geometry. Aggradation was evident and bank
erosion was apparent at most of these reaches. High levees disconnect the river from the floodplain.
The riparian margin was very disturbed with a mix of natives and exotics and a patchy distribution.
Large amounts of litter locally choke the stream. Stormwater pipes were quite common causing scour
through more intense flow. They were located in areas with a poor or moderate urban index score.
Sites that were moderate rather then poor typically have experienced riparian replanting.

5.2.3 Opanuku
The Opanuku shows a fairly linear downstream pattern of degradation in condition, but transitions
directly from good to poor condition. Headwater streams mostly flow through intact native vegetation
and are in a good condition. Mid-catchment reaches flow through an area of pasture where excess
sediment is delivered to the stream and rapidly become degraded. At this mid point in the catchment,
Gun Camp Stream and Anamata Stream join the Opanuku. Both of these tributaries have been
smothered with fine grained sediment, resulting in a homogenous bed and channel geometry and little
diversity of flow. Riparian margins around the sites sampled and neighbouring streams had little or no
riparian vegetation.

Downstream of these tributaries all of the sites are in a poor condition. Riparian vegetation is not
present in most areas though sections do exist where replanting is taking place. This area is heavily
urbanised and contains industrial and commercial areas, though some of the urban index scores were
moderate due to the presence of replanting mentioned above. This has been most prominent in the
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Table 5.1 The condition of geoindicators in Waikumete subcatchment
(Arrows indicate drainage relationships between sites from tributaries to trunk reaches.)
Site #

Reach

River Style®

Tributary 1

Confined, low sinuosity, mixed
bed
Partly confined, low sinuosity, fine
bed

1
2

Site name

Channel
Geometry

Geo-Diversity

Riparian
Vegetation

Urban
Modification

Fernwood Cres

2/2

3/3

3/3

4/4

Kaurilands Domain

0/3

2/4

0/3

2/5

Overall
8/8 = 100%
Good
2/8 = 25%
Poor

3

Tributary 2

Confined, low sinuosity, mixed
bed

Kaurilands Primary

0/2

1/3

1/3

1/5

0/8 = 0%
Poor

4

Tributary 3

Intact Valley Fill

Bishops Swamp

N/A

N/A

N/A

2/4

5/9 = 55%
Moderate

Glendale Reserve

3/3

4/4

3/3

1/5

Singer Park

3/3

4/4

2/3

2/5

1/3

0/4

0/3

1/5

0/3

1/4

1/3

2/5

5
6

Main trunk

7
8

Partly confined, low sinuosity, fine
bed
Partly confined, low sinuosity, fine
bed
Partly confined, low sinuosity,
bedrock, gravel and cobble bed
Unconfined, low sinuosity, tidal
influenced

Oratia, Millbrook and
View Rd
Henderson Creek, Falls
Park

6/8 = 75%
Good
6/8 = 75%
Good
0/8 = 0%
Poor
1/8 = 12.5% Poor

To confluence with Opanuku

Table 5.2 The condition of geoindicators in Oratia subcatchment
(Arrows indicate drainage relationships between sites from tributaries to trunk reaches.)
Site #
15
22
27
25

Reach

River Style®

Site name

Channel
Geometry

Geodiversity

Riparian
Vegetation

Urban
Modification

Tributary 1

Confined, low sinuosity, gravel bed

Cantwell St

0/2

3/3

3/3

4/4

Tributary 2

Confined, low sinuosity, gravel bed

Tributary 3
Tributary 4

16
Main trunk
17

Partly confined, low sinuosity,
bedrock, gravel and cobble bed
Confined, low sinuosity, gravel bed
river
Partly confined, low sinuosity,
bedrock, gravel and cobble bed
Partly confined, low sinuosity,
bedrock, gravel and cobble bed

Cochrane St- Oratia plant
nursery
Oratia Stream, Otimai
camp
Potter St, fork of WC Rd
and Kelly Rd

0/2

3/3

2/3

4/5

3/3

4/4

3/3

4/4

0/2

2/3

2/3

4/5

Oratia St, Knock-na-gree

1/3

4/4

1/3

5/5

Oratia St, Parrs Cross Rd

0/3

1/4

1/3

3/5

Overall
6/8 = 75%
Good
5/8 = 62.5%
Moderate
8/8 = 100%
Good
4/8 = 50%
Moderate
4/8 = 50%
Moderate
1/8 = 12.5
Poor

To confluence with Waikumete
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Table 5.3 The condition of different geoindicators in Opanuku and Henderson subcatchments.
(Arrows indicate drainage relationships between sites from tributaries to trunk reaches.)
River Style®

Site name

Channel
Geometry

Geodiversity

Riparian
Vegetation

Urban
Modification

Overall

Tributary 1

Confined, low sinuosity, gravel bed
river

Parekura St of Grassmere
Rd

2/2

3/3

3/3

4/4

8/8 = 100%
Good

Tributary 2

Confined, low sinuosity, gravel bed
river

Opanuku Pipeline

2/2

3/3

3/3

4/4

4/4 = 100%
Good

Tributary 3

Partly confined, low sinuosity,
bedrock, gravel and cobble bed

Driving Stream, Gum Rd

3/3

4/4

2/3

3/5

6/8 = 75%
Good

SSSttteeeeeeppp cccooonnnfffiiinnneeeddd hhheeeaaadddw
w
waaattteeerrr

Upper Fairy Falls

2/2

3/3

3/3

4/4

8/8 = 100%
Good

Confined, low sinuosity, gravel bed

Below Fairy Falls

2/2

3/3

3/3

4/4

8/8 = 100%
Good

Confined, low sinuosity, gravel bed

Stoney Creek

2/2

3/3

3/3

3/4

8/8 = 100%
Good

Tributary 5

Confined, low sinuosity, gravel bed

Gun Camp Stream

0/2

1/3

0/3

3/5

1/8 = 12.5%
Poor

Tributary 6

Partly confined, low sinuosity,
bedrock, gravel and cobble bed

Anamata Stream,
Henderson Valley Rd

1/3

1/4

1/3

3/5

1/8 = 12.5%
Poor

Partly confined, low sinuosity,
bedrock, gravel and cobble bed

Opanuku Stream, Candia Rd

3/3

4/4

3/3

3/4

8/8 = 100%
Good

Partly confined, low sinuosity, fine
bed

Opanuku Stream, Plummer
Domain

0/3

1/4

2/3

1/5

1/8 = 12.5%
Poor

Unconfined, low sinuosity, tidal
influenced river

Opanuku Stream,
Sel Peacock Drive

0/3

1/4

1/3

3/5

1/8 = 12.5%
Poor

Unconfined, low sinuosity, tidal
influenced (estuarine)

Henderson Creek, Central
Drive

1/2#

0/4

0/2

1/5

1/8 = 12.5%
Poor

Unconfined, low sinuosity, tidal
influenced (estuarine)

Lower Henderson Creek

1/2#

0/4

0/2

2/5

2/5 = 25%
Poor

Site #
26
14
23
20

21

Tributary 4

13
19
18
12

11

Main trunk

10
To Henderson Creek
9
Main trunk
24
To Tamaki Estuary

#The geoindicator used for this section was water quality instead of channel geometry
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lower catchment. Geodiversity is low throughout this region with channels smothered by fine grained
sediment and no characteristic sediment accumulations or changes in flow. Floodplains have little or
no connection to the channel. Wood is still relatively common and provides some habitat and small
changes in flow. Channel geometry is degraded with over-widened channels, bank erosion and
aggradation of fine grained material covering the channel.

5.3 EXPLANATION OF CATCHMENT-WIDE VARIABILITY
Figure 5.9 shows the distribution of good, moderate and poor condition reaches in Twin Streams
catchment. Source zone headwaters of the Opanuku and Oratia trunk streams retain intact native
vegetation with good condition rivers. Geomorphic condition of the Waikumete trunk stream and
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Figure 5.9 Distribution of geomorphic river condition across the Twin Streams catchment.
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some of the lower headwater reaches of the Oratia and the Opanuku have been degraded by excess
fine-grained material entering the system and smothering geomorphic features.

In the Waikumete, the catchment area drained is smaller and slope is less than the gravel based
system, resulting in a lower total stream power. Likewise, sedimentation in the Opanuku and the
Oratia occurs mainly in tributaries that have small drainage areas and therefore lower stream power.
Low stream power results in a more sensitive landscape due to a reduced ability to flush fine grained
material. The flatter gradient makes these areas more suitable for land use and they are heavily
developed. Removal of riparian vegetation has decreased the ability of the stream to buffer sediment
inputs. The source zones are competence limited and are not able to move the calibre of sediment that
resides in the channel. The functioning zones of these reaches have been altered, and the energy
available is not sufficient to move the quantity of sediment, making it transport limited.

The Intact valley fill in the upper Waikumete acts as a buffer, trapping sediment that is delivered to the
channel. In the past the upper reaches of the Waikumete are believed to have contained multiple Intact
valley fills, which were drained for development (Vela, 1989). Sediment sourced in the upper reaches
of this area would have been stored in these features, decreasing the amount of sediment delivered to
the lower section of the Waikumete. The removal of these features has increased the longitudinal
connectivity and the speed of sediment conveyance in this section.

Land use in the transfer zone of the Twin Streams catchment is urbanised for the Waikumete trunk
stream, whilst the Oratia and the Opanuku have pasture and orchards in the top half and urban areas in
the lower section. Development increases in intensity into the accumulation area, with dense urban and
commercial land use and less riparian margin remaining. Streams in the transfer zone displayed local
variability in condition. This was especially evident in the Waikumete where sample sites were in
good condition despite poor condition variants upstream and the highly urban character of the
surrounding land use. Further field verification showed that not all of this reach is in good condition,
but that localised areas display positive condition features. This reflects, in part, local substrate
conditions (see Figure 5.10). The stream in Figure 5.10 b has a relatively steep bedrock morphology
which is less sensitive to change and allows sediment to be flushed, compared to the alluvial reach
shown in Figure 5.10 a. Given these local variations in condition, these reaches are presented on
Figure 5.9 as a dashed lines.

Bridges also bring about local variability in geomorphic condition, altering bed material size and scour
patterns. Bridges locally confine flow, resulting in scour and coarsening of bed material, creating
topographic highs (similar to riffles) with locally increased slope and stream power that could remove
fine-grained material. They also result in trapping of fine-grained materials upstream, in long
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homogenous pool-like sections, acting as a barrier to downstream conveyance. Localised reaches of
increased diversity and ‘health’ appeared in these sections, despite being surrounded by reaches that
exhibited higher levels of degradation. This effect was most evident in the transfer zone and can help
explain the distribution of areas with high fine-grained material loadings and localised areas of gravel.

Despite this local-scale variability, most streams in transfer and accumulation zones were in poor
condition. Sediment flux of fine grained sediment was high and channels exhibited signs of widening
and bank erosion. Floodplains buffer sediment conveyance from the valley margin, especially if
riparian vegetation is intact. Bed incision and/or the creation of levees for flood protection in Twin
Streams catchment have decoupled channels and floodplains, further buffering sediment conveyance
(Fryirs et al., 2007). Local artificial straightening of streams in downstream areas has decreased the
heterogeneity of the bed, making the system more homogenous.

a)

b)

Figure 5.10 Compares two sites in the middle section of the Waikumete trunk stream. a) has been
swamped with fine sediments and exhibits little heterogeneity of flow or structure while b) has a high flow
and structure diversity created by higher stream power related to localised slope increase reflected in the
partly bedrock character of the site.

Stormwater systems in urban areas rapidly convey flow and sediment through the system, increasing
longitudinal connectivity (Fryirs et al., 2007). Stormwater pipes in the Twin Streams catchment have a
relatively dense distribution throughout the Waikumete and in the middle and lower sections of the
Opanuku and the Oratia (Figure 5.11). In other studies, urbanisation has been shown to cause a
decrease in sediment delivery (Chin, 2006; Gregory, 2006). However, in this lightly urbanised
catchment with a relatively high proportion of grassed areas (for an urban land use), stormwater pipes
may act as conduits for sediment from previously ‘disconnected’ areas of floodplain, increasing
sediment inputs. This has important implications to transfer and accumulation zones due to the
increase in drainage density of channels in these areas, as sediment and water are usually received
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predominantly from upstream sources. Pipes also increase the rate of flow, which resulting in shorter
lag times for water to reach the channel causing larger flood events. Flow connectivity is increased,
resulting in bank erosion and over-widened channels. This factor, along with reduced groundwater
recharge, results in lower base flow conditions. Hence, streams at ‘normal’ flow stages have a lower
ability to move the excess sediment that has entered the system (Paul and Meyer, 2001).

The geomorphic condition of rivers, along with their pattern and connectivity, exert a significant
influence upon the prospects for geomorphic recovery, as outlined in the following section.

Figure 5.11 Impact of riparian vegetation cover and stormwater distribution upon geomorphic river
condition in the Twin Streams catchment.
(modified from Landcare, 2006 and Kingett Mitchell, unpublished)
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