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Abstract

Introduction

The effective, adaptive management of New
Zealand’s river systems requires the holistic
assessment of river condition in order to
detect responses to human impacts and
management practices. Geomorphology
forms an essential component of holistic
condition assessments, as it provides a
physical template for integrating ecosystem
structure, function and change. This study
appraises the use of geomorphic principles
within the river condition assessment
protocols of the 12 regional councils and
five unitary authorities of New Zealand.
At present, regional State of Environment
reporting focuses on monitoring changes
in water quality and biological indicators,
with some assessment of physical habitat.
Regional condition protocols within this
framework seldom incorporate assessments
of process-form associations, inter-scale
controls or temporal variability, which are
needed to identify the causes of and controls
on long-term changes in condition. This
study demonstrates that there is significant
potential to improve the incorporation of
geomorphic analysis within New Zealand
protocols and practice for assessment of
river condition. Recommendations are
made for the incorporation of geomorphic
principles into holistic, emergent condition
assessments.

The degraded nature of river systems
worldwide has prompted an age of river repair,
with increasing investment in the protection
and enhancement of river condition and
ecosystem values (Dollar, 2004; Brierley
and Fryirs, 2008). The enhancement of
river condition requires improvements in
the biophysical structure and functioning
of rivers and their ecosystems (Brierley and
Fryirs, 2005). New Zealand has a relatively
short but intensive history of land-use change
and human impacts on landscapes causing
widespread changes in river character and
the loss of ecosystem functionality (Molloy
and Forde, 1980; Collier et al., 2001; Glade,
2003). To effectively improve ecosystem
condition, management schemes must
reflect the natural, place-based diversity and
variability that characterises New Zealand
river systems (Harding et al., 2004; Brierley
et al., 2006). An important factor is the
creation of rigorous but flexible assessments
that are able to detect changes in the health
of river systems, providing feedback for
adaptive management procedures that
work with nature to maintain and enhance
ecosystem functionality (Everard and Powell,
2002; Hillman and Brierley, 2005; Wohl
et al., 2005).
Internationally, river condition may be
assessed across multiple scales, from site257

specific assessments of environmental
effects to nationwide benchmarking of river
quality (Raven et al., 2000; Raven et al.,
2010). The assessments are used to appraise
the quality, sensitivity and rarity of river
environments, in order to protect particular
systems and evaluate the potential impacts
of development scenarios. The long-term
monitoring of river system condition enables
managers to select key areas for protection and
rehabilitation, and compare the effectiveness
of different practices, providing feedback for
implementing cost-effective management
strategies (Bernhardt et al., 2007; Kondolf
et al., 2007; Palmer et al., 2005; Sear et al.,
2008). Too often, it is simply assumed that
all rehabilitation efforts will result in an
improvement in river condition (Palmer
et al., 2007).
Monitoring strategies must integrate
geomorphic, ecological, hydrological and
chemical attributes to obtain a holistic
assessment of river condition (Hillman
and Brierley, 2005; Wohl et al., 2005).
Holistic appraisals allow symptoms to be
linked to the causes of river degradation,
targeting management strategies towards the
factors driving change (Spink et al., 2009).
Geomorphic assessment is important for such
appraisals, as it provides a template to integrate
physical habitat and long-term system
changes within a catchment and landscape
context (Chessman et al., 2006; Brierley
et al., 2010). Early conceptions of a ‘physical
habitat template’ focused on the control that
habitat structure exerts on the composition
of ecosystems (Poff and Ward, 1990). This
geomorphic template has since been expanded
to incorporate the influence of downstream
transitions in hydrogeomorphic processes
and system evolution on ecosystem condition
(Brierley et al., 2002); acknowledging that the
morphology and rate of change of each reach
forms part of a natural downstream pattern
of erosion, transport and deposition processes
due to changes in the slope, discharge and
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sediment flux (Schumm, 1977). A spatially
and temporally explicit physical template
is therefore underpinned by geomorphic
principles such as the nested spatial hierarchy
of catchments, temporal variability, and
geomorphic work and effectiveness (Brierley
et al., 2010). While many interacting factors
determine overall ecosystem functionality,
the physical structure and processes of the
system form the boundary conditions within
which other elements of the ecosystem adjust
(Newson and Newson, 2000; Brierley et al.,
2010). Change in geomorphic condition
is therefore a key factor in ecosystem
degradation and a prerequisite to long-term
improvements in river condition (Boulton,
1999). Although geomorphic controls are
incorporated within several international
examples of river condition assessment (e.g.,
Brierley et al., 2002; Florsheim et al., 2006;
Newson and Large, 2006; Dollar et al., 2007),
there is a continuing disconnect between the
use of short-term ecological and chemical
indicators of condition, and the long-term
geomorphic focus of rehabilitation programs
(O’Donnell and Galat, 2008; Brierley et al.,
2010). An integrative geomorphic template
for assessing river condition that includes
interactions within systems, pressures,
stressors and responses, catchment-scale
controls and long-term trajectories of change
is presented in Figure 1, with terms explained
in Table 1.
Sediment transport provides a clear example
of the need to incorporate geomorphic
interactions within river condition assessment
and monitoring. Sediment transport and
problems around gravel extraction, flow
regulation, bank stability and flooding are
major concerns in river management in New
Zealand (Smart, 2005). As is highlighted
throughout this special issue, the monitoring
and management of sediment flux is frequently
approached using hydraulically-based models
(c.f. Mosley and Jowett, 1999; Merritt
et al., 2003). However, bedload transport

Figure 1 – An integrative template for holistic river condition assessment. In this structural diagram,
the geomorphic elements of river condition assessment are identified alongside assessments of system
hydrology, water quality and biology. The geomorphic aspects included in this template were drawn
from a review of geomorphic assessment frameworks, including the River Styles Framework (Brierley
and Fryirs, 2005), the Vermont Stream Geomorphic Assessment (Kline et al., 2004), the Fluvial
Audit (Sear et al., 2009), and the Long-Term Geomorphic Monitoring and Adaptive Assessment
Framework (Florsheim et al., 2006).

modelling fails to adequately reflect the
system-specific controls on geomorphic and
ecological responses to changes in sediment
flux (Davis, 2009). Boundary conditions,
such as the valley confinement and geology,
together with downstream changes in channel
planform, provide important controls on
how, where and when responses to changes
in the sediment flux are expressed (Grant et
al., 2003; Hooke, 2003; Brierley and Fryirs,
2005; Fryirs et al., 2007).
In New Zealand, guidelines for river
monitoring and assessment are developed at
the regional scale, as mandated by State of
Environment (SOE) reporting requirements
(Ministry for the Environment, 2009).

Under the Resource Management Act
1991, ss 35(2) and (2A), local authorities
are required to monitor and report on the
findings of river condition assessments every
five years. The SOE reporting approach
focuses on simple, easy to understand and
measurable indicators of river condition
(Ministry for the Environment, 2009). All
of the variables required by SOE reporting
can be directly quantified (e.g., pH, macroinvertebrate diversity), and most authority
assessments employ counts, rankings and
numerical scales to quantify elements of
river condition. For example, the Auckland
Regional Council habitat assessment consists
of a tick-box condition sheet, which is later
259

Table 1 – Description of key elements of geomorphic condition assessment
Definition

Key Elements
Form

Process

Spatial scale

Long term
variability
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Sediment

The sediment comprising the bed material, stores and sinks are
characterised based on their size distribution, shape, sorting and packing
(Brierley and Fryirs, 2005).

Geomorphic unit

Reach scale arrays of erosional and depositional landforms (Brierley and
Fryirs, 2005). Includes instream hydraulic units (patches of uniform flow
and substrate), as well as channel and floodplain units.

Planform

The river form in plan view, described by variables such as sinuosity, lateral
stability and number of channels (Brierley and Fryirs 2005)

Classification

River type classifications are based on the planform morphology of the
reach (Montgomery and Buffington, 1997), while regional classifications
are based on climate, topography, geology, and land cover (Snelder and
Biggs, 2002).

Controls

Imposed boundary conditions are determined by broad scale parameters
such as regional geology and tectonic setting. They determine relief, slope
and valley width and shape (Brierley and Fryirs, 2005).

Sediment flux

Includes the bedload and suspended load transport rates, and an analysis
of the frequency with which different sediment stores and size classes
are reworked and transported. This may be conceptualised as a sediment
budget.

Behaviour

River behaviour refers to dynamic adjustments that maintain the formprocess relationships of the river style (Brierley and Fryirs, 2008), and may
include lateral (widening, narrowing, migration) and vertical (aggradation,
degradation) adjustments.

Controls

Flux boundary conditions (the discharge and sediment regimes) are
determined by broad scale parameters such as regional geology, climate,
and land use history (Brierley and Fryirs, 2005). Imposed boundary
conditions such as valley confinement set freedom with which a river is
able to adjust.

Nested spatial
hierarchy

A hierarchy of spatial scales, whereby smaller-scale systems develop within
constraints set by the larger-scale systems of which they are part (Frissell et
al., 1986). Includes catchment, reach, geomorphic unit and patch scales of
interactions (Brierley and Fryirs, 2008)

Inter-scale controls

Refers to the cross-scalar influences of connectivity (Hooke, 2003),
sensitivity (Brunsden and Thornes, 1979) and offsite responses (Fryirs et
al., 2007).

River change

Adjustments to the geomorphic unit assemblage of a reach that represent a
marked shift in river form and behaviour (Brierley and Fryirs, 2005)

Landscape memory

The cumulative imprint of the geologic, climatic and anthropogenic
histories of a catchment on its contemporary forms and processes (Brierley,
2010).

Evolutionary
trajectory

The pathway along which a reach adjusts, controlled by contemporary
boundary conditions and magnitude frequency relationships (Brierley and
Fryirs, 2005)

Uncertainty

Uncertainty is the product of limited knowledge and variability, and
if ignored can result in unexpected outcomes (Sear et al., 2008). An
appreciation of uncertainty will recognise the potential for complex
responses, lag effects, non-equilibrium dynamics and geomorphic
thresholds.

used to generate a series of habitat scores
(Hatton et al., 2008). This measurement
and quantification of assessment variables
generates standardised, statistically sound
data that are easy to report and compare
over time. While protocols have historically
focused on assessments of water chemistry
and biotic condition, the importance of
geomorphology in maintaining fluvial habitat
and anthropogenic values is increasingly
recognised (Townsend et al., 1997; Mosley
and Jowett, 1999). This is reflected in
Mosley and Jowett’s (1999) examination of
trends in fluvial geomorphic research in New
Zealand, and in the chapter on geomorphic
‘riverscapes’ in the book Freshwaters of New
Zealand (Harding et al., 2004). Recently,
the Stream Habitat Assessment Protocols
were developed to guide practitioners in the
assessment of physical condition (Harding
et al., 2009).
Given the increased emphasis on
geomorphic assessment, it is important to
examine how effectively contemporary river
science is being applied in river condition
assessments in New Zealand. This study
assesses the use of geomorphic principles
within the regional SOE river condition
assessment protocols of the 12 regional
councils and five unitary authorities of New
Zealand. Current protocols were identified
using a web search and an emailed request to
council staff for outlines of SOE monitoring
approaches and supporting reports. The
variables employed and their interconnections
are summarized for each condition assessment
protocol, and are then compared with the
four key themes of geomorphic assessment
outlined in Figure 1. These themes, described
in Table 1 along with their main components,
were identified through a review of the
current geomorphic and river rehabilitation
literature. An appraisal of the strengths and
weaknesses of regional condition assessment
protocols is used to make recommendations
to enhance the integration of geomorphic

principles within river condition assessments
throughout New Zealand.

Regional Authority approaches
to river condition assessment in
New Zealand
Table 2 depicts the results of analyses of
regional council and unitary authority
assessment protocols, highlighting the
concepts and variables that have been
incorporated into their respective methods.
Significant variation in regional approaches to
river condition assessment is evident. Physical
and chemical water quality parameters, macroinvertebrate assemblages, and discharge are
the most consistently monitored elements of
river condition. Many authorities frame these
within a description of catchment land use and
regional classification of river environments.
By comparison, geomorphic condition is
the least commonly assessed element of river
condition, with four authorities appearing
to conduct no substantive geomorphic
assessment (Table 2).
Half of the authorities included an
assessment of reach-scale morphology, using
a basic alluvial or bedrock typology, but
broader appreciation of the inherent diversity
of river types (and associated controls upon
habitat diversity, turbidity, etc) was limited
(c.f. Mosley, 1982; Mosley and Jowett,
1999). Among the authorities that do assess
geomorphic condition, emphasis is placed
on the measurement of physical form (Table
2). The physical setting, form and stability
of river channels, including sediment size,
geomorphic units, bank character, and
channel geometry, are the most commonly
assessed geomorphic factors. There are lower
rates of inclusion of floodplain attributes,
such as floodplain units, planform character,
or lateral connectivity. Despite recognition
of the importance of channel-floodplain
interactions in sediment and nutrient
fluxes, fish spawning, and lentic (still-water)
261

Table 2 – Use of key considerations in regional river condition assessments.

community health (Lake et al., 2007),
selective emphasis upon channel attributes
implies that the river is principally viewed as
the wetted channel and surrounding riparian
corridor. At present, wetland conditions are
assessed separately to rivers (e.g., James et al.,
2002; Auckland Regional Council, 2010).
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Coordinating these assessments to include
interactions between river and wetland
ecosystems, and lateral connectivity, would
improve description of the controls and
stressors within the integrated fluvial system.
The interactions between fluvial forms and
the processes that create and modify them are

seldom incorporated into assessments of river
condition (Table 2). When they are included,
emphasis is placed upon description of bed
and bank stability, without a clear process link
to flow or sediment flux. Table 2 highlights
that sediment flux is incorporated into river
condition assessments by only two of the
seventeen authorities. Environment Waikato’s
environmental indicator scheme (summarised
in Hill, 2011) represents a comprehensive
approach to sediment flux, incorporating
an assessment of the sediment yield with
identification of potential sources and the
pressures on those sources. Hydrological
assessment focuses on discharge measurement
and the impact of mean low flows upon
the physical habitat. Peak flows are also
assessed in relation to flooding. Appraisals
of the flow-sediment balance seemingly
do not incorporate assessment of spatial
and temporal variability in sediment flux
(and associated channel adjustments). Only
three authorities consider system evolution,
with Otago Regional Council providing
the most holistic assessment of long-term
adjustments. Identifying the natural range of
variability of different river types is important
for assessing river responses to human impacts
and management strategies (Brierley and
Fryirs, 2005; Clifford et al., 2006; Beechie
et al., 2010).
Similarly, site and reach scale condition
assessments need to be interpreted within
the context of catchment-scale controls.
A nested spatial hierarchical approach is
seldom employed, limiting our capacity
to evaluate reach-scale processes within
catchment-scale appraisals of responses to
disturbance. Analyses of single sites cannot
meaningfully produce insights into spatial
variability in system sensitivity, processes and
connectivity, limiting our capacity to detect
underlying causes of river degradation or
the effectiveness of management treatments
(Bohn and Kershner, 2002; Lake et al., 2007;
Buckley and Crone, 2008). Indeed, only

three authorities consider inter-scale controls
such as connectivity within their assessment
of river condition. Broad-scale controls and
human influences are incorporated within
condition assessments through the River
Environment Classification (REC) scheme
(Snelder and Biggs, 2002) and catchment
land use. The REC scheme classifies rivers
based on their climate, geology, topography,
land cover and valley landform (Snelder et
al., 2004). However, these procedures have
limited ability to explain variation in the
physical and biological attributes of rivers
(Inglis et al., 2008). Unfortunately, rivers with
quite different process-form associations are
directly compared under the REC, limiting
the exploration of variation in river condition
and responses to management (c.f. Fryirs,
2003). The lack of a river type classification in
river condition assessment results in a generic
set of condition assessment metrics being
applied to all systems, irrespective of whether
those metrics are appropriate indicators of
system condition (Caratti et al., 2004; Fryirs
et al., 2008).
Table 2 indicates that authorities that
conduct more thorough assessments of
geomorphic condition commonly include
a wider range of biological considerations.
While some authorities carry out thorough
assessments of the riparian vegetation
community (Table 2), others rely on a few
parameters, predominantly catchment land
use, riparian shading, periphyton cover
and wood, to assess river health. Biological
variables that are not commonly incorporated
into assessments include ecological processes,
riparian fauna communities, and the spatial
distribution of vegetation across different
geomorphic surfaces.
Interactions between geomorphic forms
and biophysical processes determine river
ecosystem functionality. For example,
the inundation frequencies of different
geomorphic surfaces, and the associated
patterns of disturbance of riparian vegetation,
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can promote high productivity of riparian
ecosystems (Corenblit et al., 2007). In New
Zealand, species such as Kahikatea and
Kanuka have evolved to exploit frequently
inundated and disturbed surfaces, while
other species rely on floods for seed
dispersal (Salmon, 1980). However, none
of the regional authority protocols include
an assessment of the varying vegetation
associations of different geomorphic surfaces
(Table 2). These relationships should be
appraised for differing river types.
River condition assessments in New Zealand
tend to emphasize variables highlighted in the
Ministry for the Environment’s (2009) SOE
guidelines, focusing upon river water quality,
nutrients, bacteria, visual clarity, water
temperature, dissolved oxygen and macroinvertebrates. Indeed, all regional authorities
carry out water quality, quantity, and
macro-invertebrate monitoring programmes
(Table 2). In contrast, assessments of
geomorphic and riparian vegetation are
conducted at the individual authority’s
discretion. This suggests that greater ministry
guidance would encourage the integration
of geomorphic attributes within condition
assessments. This could involve including
geomorphic assessment as a part of SOE
reporting requirements, and/or the creation
of guiding frameworks for geomorphic
assessment. The proposed uptake of the Stream
Habitat Assessment Protocols (Harding et
al., 2009) by three regional councils (Otago,
Northland and Taranaki) is testament to the
recognition of the need for better guidance
on the structure and practice of geomorphic
assessment in New Zealand. Following this
lead would enhance our abilities to identify
trends in environmental health over time,
target key environmental issues, and assess the
effectiveness of environmental management
strategies.
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Future directions for river
condition assessment in
New Zealand
The current SOE approach to condition
assessment for rivers in New Zealand is
primarily concerned with water quality,
habitat quality and indicator species. However,
to identify and explain changes in river
condition, holistic condition assessments are
required, incorporating an understanding of
form, process and evolution. These issues are
increasingly addressed within international
protocols (e.g., Florsheim et al., 2006; Davies
et al., 2010). Although water quality in New
Zealand streams is a major concern (Horizons
Regional Council, 2005; Auckland Regional
Council, 2010; Collier et al., 2010), efforts
to manage and monitor river condition may
be fruitless without holistic assessments of
long-term ecosystem evolution that identify
key stressors and pressures on the system
(Bond and Lake, 2003). Protocols need to
be constructed to detect changes in system
hydrology, geomorphology and water quality,
and their interactions with each other and
stream biology, in order to identify the
causes of ecosystem degradation (Bunn and
Davies, 2000; Chessman et al., 2006; Dollar
et al., 2007). As is demonstrated by the
recent development of the Stream Habitat
Assessment Protocols (Harding et al., 2009)
and the introduction of habitat monitoring
into Horizons Regional Council’s proposed
Oneplan (Fuller, 2007), regional authorities
are increasingly incorporating elements
of geomorphology into their assessments
of river condition. As noted by Matthews
et al. (2010), the improvement of biotic
condition in response to river management
initiatives may be constrained by the need
to enhance the physical attributes of the
system. Geomorphic condition assessment
is therefore important for monitoring the
success of river rehabilitation, as it captures
incremental changes in system form and

processes (Gregory et al., 2008; Brierley
et al., 2010). This enables prediction of
river trajectories with a range of expected
behaviour, providing a ‘moving target’ for
rehabilitation outcomes (Jansson et al., 2005;
Darby and Sear, 2008; Fryirs et al., 2009).
Mika et al. (2010) describe a process by
which an assessment of disturbance factors
and system responses, together with a guiding
project vision, can be used to construct and
adapt cost-effective management strategies
with a higher likelihood of success.
It is important that river condition
assessments recognise, capture and reflect the
diversity of river environments in New Zealand
(Brierley et al., 2006). While the development
of regional condition assessment protocols
is a step in the right direction, allowing
authorities to tailor protocols to regional
concerns, these protocols also need to be
flexible to reflect the process-form associations
of each reach, and how those reaches interact
at the catchment scale (Inglis et al., 2008).
Current regional protocols do not explicitly
incorporate an assessment of river type, and
therefore do not always select variables and
indicators of condition that are relevant
to that river type. In many cases, the same
condition assessment protocols are applied to
both alluvial and bedrock systems. Rivers are
compared to a prescribed, ‘consistent’ set of
condition-assessment metrics (e.g. Harding et
al., 2009), rather than assessing the condition
of each reach relative to its expected processform associations. Lave et al. (2010) note that
such assessments are becoming more common
in river rehabilitation, due to the demand for
standardised, scientifically ‘valid’ assessments
that can be used to justify management
decisions. Compared to such standardised
measures, geomorphically-grounded
condition assessment protocols enable
managers to identify whether the current form
and behaviour of each system falls inside that
system’s natural range of variability (Fryirs
and Brierley, 2000; Fryirs, 2003). A number

of authors have highlighted an excessive focus
on measuring reach-scale heterogeneity in
condition assessments, and that increases
in heterogeneity do not necessarily equate
with ecological improvement (Brooks et
al., 2002; Bond and Lake, 2003; Palmer
et al., 2010; Reid et al., 2010). Condition
assessments and management strategies
should be targeted towards goals, such as the
level of heterogeneity, that are appropriate to
the river type (Thomson et al., 2001), and
therefore reflect a genuine commitment to
the protection of local values (Brierley et al.,
2006; Fryirs and Brierley, 2009).
Moves towards more comprehensive
assessments of river condition require greater
emphasis on the qualitative description
of ecosystem character, processes and
interactions (Brierley et al., 2010). However,
regional authority assessments of condition
are largely quantitative, targeted at the
collection and communication of simple,
statistical data, together with condition values
and scores. As discussed by Lave et al. (2010),
this is a product of the legal requirement to
generate scientifically defensible information,
and the perceived subjectivity of qualitative
data. Time and financial constraints
also limit more thorough approaches, as
there is a demand for practical, rapid,
affordable assessments that can be applied
by practitioners with a range of skill levels
(Raven et al., 2000). The need for consistent,
‘objective’ data has driven the development
of the recent Stream Habitat Assessment
Protocols. Using a combination of tick-box
assessments and quantitative assessments,
such as channel cross-sections, these protocols
provide guidance on the characterisation and
quantification of stream habitat (Harding et
al., 2009). As some elements of ecosystem
condition are more suited to quantitative
assessment, such as water quality or bed level
adjustment, the focus on quantitative data has
restricted the range of information and level
of detail included in condition assessments.
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Hence, relying on quantifiable and tickbox assessments restricts the elements of
condition assessment to those variables that
can be measured (equivalent situations are
faced by river managers elsewhere; see Lave
et al., 2010). One example is the assessment
of habitat condition, which relies on counts
of common flow types (e.g., Environment
Waikato, 2010), rather than a description of
the assemblage of landforms present in each
reach. The process of quantification may
thus result in a loss of system information.
It may also produce misleading results where
practitioners are forced to fit reality into one of
the available boxes. Quantitative approaches
emphasize standardised assessment protocols,
in which the same measures are applied
across diverse systems. The lack of systemspecific, descriptive information resulting
from the use of these tick-box approaches is
a key criticism of quantitative approaches to
river condition assessment and management
(Brierley et al., 2002; Simon et al., 2007;
Brierley and Fryirs, 2009). Regionally-based
assessment protocols present an opportunity
to address this concern within SOE reporting
in New Zealand.
Studies by Florsheim et al. (2008) and
Palmer et al. (2010) have highlighted
that the emphasis on standard condition
measures, such as habitat heterogeneity
or bank stability, creates the potential to
overlook important biophysical patterns and
relationships. Qualitative assessments, focused
on the description of patterns, processes and
interactions, provide explanatory detail that
supports the quantitative assessment of trends.
Qualitative geomorphic assessments that
could enhance more common quantitative
assessment of river condition could include
the interpretation of geomorphic unit
assemblages (Brierley and Fryirs, 2005),
identification of natural ranges of behaviour
(Fryirs, 2003), selection of thresholds of
probable concern (Rogers and Biggs, 1999),
mapping of biophysical relationships (Reid
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et al., 2008), identification of boundary
conditions and stressors (Miller et al., 2010),
appraisal of system connectivity (Hooke,
2003) and sensitivity (Brierley, 2010), and the
characterisation of evolutionary trajectories
(Brierley and Fryirs, 2005). Such assessments
allow specialists and managers to identify
the geomorphic elements that limit system
condition, are sensitive to change, and are
driving changes in condition. Many of these
attributes cannot be effectively communicated
using statistics and scores without a significant
loss of meaning. The value of descriptions,
diagrams and maps in communicating
‘packages’ of qualitative information is
increasingly recognised, with GIS providing
an integrative tool to summarise and interpret
this information (e.g., Kline et al., 2004).
Qualitative assessment is also important
for communicating uncertainties inherent
in assessment of these complex, dynamic
systems, and therefore for constructing a
precautionary, learning approach to river
management (Hillman and Brierley, 2002;
Hillman and Brierley, 2008; Darby and
Sear, 2008). Open-ended approaches to
river classification and condition assessment
describe the process-form associations of the
current river system, guiding monitoring,
management and rehabilitation in a manner
that is appropriate to the relationships for
that particular system (Reid et al., 2008;
Fryirs and Brierley, 2009).

Conclusion
There is significant potential to improve
the incorporation of geomorphic principles
within New Zealand protocols and practices
for assessing river condition. In terms of SOE
guidelines, indicators of river condition were
selected based on ‘how nationally significant,
relevant, measurable and statistically sound,
simple and easily understood, cost effective,
and internationally comparable they were’
(Ministry for the Environment, 2009).

The SOE reporting approach does not,
however, incorporate significant elements
of contemporary river science, in particular
in regard to assessing geomorphic condition
and responses to change. By recognizing
diverse habitats and hydrogeomorphic
functions such as sediment transport and
disturbance regimes, geomorphology can
provide an integrative physical template
upon which a place-based understanding of
system condition can be built (Brierley et
al., 2010). The lack of guidance on applying
geomorphic assessment in New Zealand
has resulted in an under-representation of
geomorphic principles within the SOErelated protocols of regional authorities, with
significant implications for river condition
assessments. Improved incorporation of
the best available science into national and
regional river condition assessment policies
will promote more targeted, effective and
cost efficient river management strategies.
The recent Stream Habitat Assessment
Protocols (Harding et al., 2009) and the
Restoration Indicator Toolkit (Parkyn et al.,
2010) provide guidance on New Zealand
methods for habitat assessment. However,
as this review has emphasised, assessments
of habitat condition must be framed within
an understanding of catchment-wide
processes and change. Recent developments
discussed in the international literature, and
in particular Australian water management
(e.g., Department of Primary Industries Parks
Water and Environment, 2009), provide clear
examples of the ways in which national and
regional frameworks can be adapted to better
represent holistic yet system-specific changes
in river condition.
Unless geomorphic principles are
incorporated within assessments of river
condition, the parameters monitored
according to SOE requirements cannot be
considered to assess holistic condition or
long-term change. Emphasis upon concerns
for water quality, while neglecting concerns

for geomorphic condition, will limit
prospects to improve instream and riparian
ecosystem health (Gurnell and Gregory,
1995; Newson and Newson, 2000; Ward et
al., 2001; Thomson et al., 2004). Supporting
assessments of the underlying changes
in geomorphic condition are required in
conjunction with water quality analyses to
assess holistic river condition and evaluate
the effectiveness of management strategies.
With this information in hand, meaningful
feedback will be available to guide ongoing,
adaptive management.
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