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1. Introduction, scope and purpose of classification
1.1 Background

The rivers of Queensland have a wide variety of geomorphology, ecology, hydrology and water chemistry. They often
connect the land to the sea, extending from headwater streams in upland regions to estuarine coastal sinks, providing
water for drinking, cultural purposes, irrigation, recreation and habitat. These rivers also transport water, sediment,
nutrients and other chemicals to the Great Barrier Reef and the Gulf of Carpentaria in northern Queensland; Moreton
Bay in Southeast Queensland; and to the Murray-Darling Basin in southern Queensland (Queensland Museum, 2022).
However, the text-book example of a river running in a single channel to the sea does not encompass all the variability
of rivers in Queensland (Figure 1). There are also endorheic rivers, such as those of the Lake Eyre and Bulloo Basins,
that do not flow to the coast. These rivers are closed internal drainage basins which retain the water flowing into them
and converge into lakes or swamps that eventually evaporate (Queensland Museum, 2022). In Queensland, rivers may
be in one or several channels, there may be no floodplain, an extensive floodplain, or an inset floodplain in a much
larger channel. Flow may be intermittent, ephemeral, or perennial with differing contributions from groundwater,
throughflow and overland flow. Along their paths the channels may pass through temperate, tropical, or arid climatic
regions that are characterised by different vegetation communities.

A wide range of classification schemes have been developed for fluvial systems globally (Kondolf et al., 2016; Buffington
and Montgomery, 2013; 2022), including schemes that have been adapted or directly applied to some Queensland
rivers (e.g. Brierley et al. 2002; Erskine et al. 2005; Spencer et al. 2007; 2009) but they have not been developed
specifically for the range and variability in the conditions experienced across the state. They are also inconsistent with
the other classification schemes used for aquatic ecosystems in Queensland (DEHP 2017; DES 2020).

Multi-scale, hierarchical and attribute-based classifications schemes already exist for Queensland intertidal and subtidal
ecosystems, wetlands and waterholes (DEHP 2017; DES 2023; DES 2020). An extensive literature review of biophysical
classification approaches was undertaken for marine and aquatic ecosystems (DES 2019) which concluded that
attribute-based classification was the most appropriate method. This conclusion resulted from the recognised
advantages in data management, flexibility, transparency and contribution to holistic understanding. While the review
did not specifically cover riverine ecosystems, the rationale and benefits of this approach remain equally relevant to river
landscapes. This is particularly true in terms of hierarchical frameworks which have the ability to integrate multi-scale
factors relevant to riverine systems (Gurnell et al. 2016; Kondolf et al. 2016). The attribute-based approach is also
consistent with the Australian National Aquatic Ecosystem Classification Framework (Aquatic Ecosystems Task Group,
2013).

The classification of rivers is the process of simplifying the complexity found in rivers, that often do not have sharp
boundaries delineating changes in type. Often descriptors of the parts (components) and processes of the river system
are used for classification. Existing approaches include descriptors that can include attributes, metrics and functional
typologies and how the functional typologies are derived is often unclear. Attribute-based classification seeks to provide
clarity by providing attributes that are transparent and can be divided into meaningful categories. For example, the
influence of precipitation on a river system may be described using the attribute of annual average precipitation,
subdivided into categories using discrete ranges that encompass the variability in average precipitation across the area
of interest.

The classification of the biophysical components of rivers provides a common language of attributes and their
categories. It is also an integral part of the Whole-of-System, Values-Based Framework where components are
considered alongside processes and values (DES 2022). This means a hierarchical, whole-of-system framework for
classifying rivers provides the capacity for enhanced interdisciplinary communication and informs a systematic approach
to river management across governing bodies. However, often it is the grouping of attributes using a hierarchical set of
rules into a typology that is more useful (AETG, 2013). Typologies can be developed and applied for different purposes
such as describing the variability in how rivers contribute nutrients into the water column, or the different ways that river
channels are likely to adjust and respond to disturbances.

In the absence of river typologies to inform a biophysical understanding of a channel, there can be a variety of
classification outcomes that influence the way that rivers are managed. These can range from applying universal
philosophies and practices to all rivers regardless of their differences, to considering that each river is unique. There is
a long history of treating rivers as single types, with pervasive perspectives including “rivers should be cleaned out and
large wood removed”, “all riverbank erosion is a problem and must be addressed” and “no rivers should have artificial
barriers to flow”. For example, in the simplification for large scale regional modelling, riverbanks could be considered to
have a uniform height regardless of their position in a catchment or their sediment type. At the other end of the scale of
complexity, considering that all rivers are unique means that common principles are not applied, and every management
action requires an extensive research effort. Consequently, river classification can provide a valuable tool to inform the
understanding of formative biophysical processes, leading to effective management actions.
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Figure 1 Queensland has a ide diversity of rivr types, including (A) single channe/ éd (B) multi-channel systems; (C)r/vers with
no floodplain, (D) wide floodplains and (E) inset floodplain; and rivers with (F) ephemeral or intermittent, (G) perennial (H) and highly
modified flows. All photos by Gary Cranitch © Queensland Museum.
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1.2 Purpose and scope of the review

This review complements Module 1 (DES 2023) of the Interim Queensland River Classification Scheme (QRCS). The
purpose of this review was to investigate attributes used to classify rivers and typologies of river systems. It is not
intended to be a comprehensive literature review of river classification systems to justify and contextualise the attribute-
based approach. Kondolf et al. (2016) and Buffington and Montgomery (2022) provide recent benchmark reviews on
the state of river classification, as well as a comprehensive list of other review publications that address the topic (e.g.,
Mosley, 1987; Naiman et al., 1992; Rosgen, 1994; Kondolf, 1995; Tadaki et al., 2014; Kasprak et al. 2016; Gurnell et
al., 2016; Pasternack et al. 2018). However, while a brief summary of some of the key findings is presented in Section 3,
the intent of this review was to quantitatively and qualitatively explore the range of biophysical
attributes/metrics/functional typologies used in existing river classification systems and recommend candidate attributes
that may be used to create a classification approach for Queensland rivers consistent with the existing attribute-based
Queensland classifications for the intertidal and subtidal ecosystem (DEHP, 2017) and waterholes (DES, 2020).

1.3 Definition of water channel

This review informs the classification of rivers within the state of Queensland. This biophysical classification, and this
review, do not need to be limited by the definition of rivers used in a legislative or statutory context. Rivers are referred
to by a variety of terms, such as rivers, streams, creeks, drains, waterways, or watercourses, which can cause
inconsistencies and confusion. The uncertainty and different interpretations because of these terms means that a
different definition has been sought.

The following definition was developed to provide the scope of this classification. It was the result of a literature review
followed by refinement by a panel of experts.

A ‘water channel’ is a wetland channel through which water flows.

* A channel is a ‘morphometric class that is both linear and concave compared with its surrounding
elevation.’ (Modified from Kopackova et al, 2011)

+ Water flow may be permanent, intermittent or ephemeral.
* Flow may be in one or both directions.

While a range of terms may be used in practice, and within this document, this definition provides the basis for the
classification scheme. Rivers that exist as single features or as multiple interacting features are also within the scope of
the review. Floodplains adjacent to rivers and the subsurface features including groundwater are also included.

1.4 Subjectivity in classification

Tadaki et al. (2014) discussed the different biases that can be involved in the classification of river systems.

“River classifications intersect with the governing rationalities of a given place and can produce rivers-to-
order to support existing power dynamics and environmental discourses.” (Tadaki et al. 2014, p. 363).

Inherently, biophysical classification adopts a ‘rational’, mechanistic interpretation of river systems defined by biological
and physical attributes. A perceived limitation of the adopted attribute-based approach may be its restriction to physical
or deterministic variables that can strictly be measured. A classified river network is only one tool in a holistic
management framework (e.g. the Whole-of-System, Values-Based Framework (DES 2022)), providing knowledge and
insight to support practice. It must be appreciated that classifications are a simplification, static representation of
dynamic and continuous systems into relatively objective classes. Further, it is important that classification is only one
tool for effective river management and should not constrain management action or intervention and circumvent intuition
and critical thinking (Kondolf et al. 2016; Newson 2002).

Subjectivity is a significant issue for river classification, particularly in the segmentation of variables that exist as a
continuum into discrete classes. This issue has been a chief criticism of existing classification schemes based on a priori
assumptions or expert-driven decision making. An attribute-based classification scheme separates the process of
attribute classification (e.g. depth, sediment size) from the development of typologies (i.e. hierarchical combinations of
attributes) for a particular purpose (e.g. ecosystem components) (AETG 2012a), and from the mapping of the attributes
and types. Separating classifications, typologies and mapping provides greater flexibility to adapt the scheme for multiple
purposes. Within this framework, a variety of typologies can be derived to provide participatory engagement and
interdisciplinary perspectives, limiting the subjectivity and potential power of any discipline or viewpoint.

In the attribute-based classification systems reviewed here, choices may be constrained by the availability of data and
the resources available for their analysis (Tadaki et al. 2014). This is not the case in the QRCS which considers all
useful attributes whether data is currently available or not. Thus, attributes may be readily updated as new or improved
input datasets become available, without the requirement to alter or adjust the classification scheme.
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2. Overview of existing attribute-based classification systems

The Wetland Mapping and Classification Methodology (EPA 2005) and the Interim Australian National Aquatic
Ecosystems (ANAE) classification framework (AETG, 2013) were the starting points for reviewing the existing attribute-
based classification systems. There were three spatial levels used in the ANAE classification framework to create an
attribute hierarchy: (1) regional, (2) landscape and (3) aquatic classes (Figure 2).

The three spatial levels were devised to inform on drivers and processes operating at different spatial scales. Levels 1
and 2 were intended to consider large scale, national regionalisation for landform, including climate, hydrology, and
topography. Level 3 was included to separate out the classes of aquatic ecosystems (surface water and subterranean),
major aquatic systems (e.g., estuarine, lacustrine, and riverine,), and the attributes used to classify those systems into
habitats.

ANAE structure

Regional scale
LEVEL 1 . :
(Attributes: hydrology, climate, landform)
Landscape scale
LEVEL 2 (Attributes: water influence, landform, topography, climate)
£ Surface Water Subterranean
LEVEL 3 E - >
L 2 € = —
e 2l E|E|e| S| B[22 £ S
i 53|53 2| ¢8| 3 g€l 8| @
’ G 8| &8 & & “El §| &
= =
E p
% Pool of attributes to determine aquatic habitats
£ {e.g. water type, vegetation, substrate, porosity, water source)

Figure 2 The hierarchical structure of different spatial levels in the ANAE (AETG, 2013)

The Queensland Intertidal and Subtidal Classification scheme (DEHP, 2019) provided a structured framework for the
classification of these ecosystems. It allowed for ecosystem-based management to be implemented. The scheme used
attributes, categories, thresholds and qualifiers that were applied over five different spatial levels (Figure 3).

Level 1 covered the large-scale drivers and processes at scale appropriate for continental, country or state scales. For
example, climate was separated into six principle Képpen classification groups: Desert, Equatorial, Grassland,
Subtropical, Temperate, Tropical. In the cases that have required it, the Level 1 attributes have been used hierarchically
to set context for the attributes at lower levels. Level 2 considered processes and drivers at a slightly finer scale such
as distinguishing between floodplain and non-floodplain areas. In the climate example the six groups are further divided
into 27 different Koppen subcategories. The Level 3 aquatic classes, systems, and habitats are more focused on the
parts of the landscape dependent on water.
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Subregion
1500 000- 1. 1006 000

Figure 3 The five levels used in the Queensland Intertidal and Subtidal Classification (DEHP, 2017) shown alongside the original
ANAE level (AETG, 2013).

The scheme was based on the following requirements:

e Based on biophysical (biological, physical and chemical) attributes to enable an understanding of ecosystem
influences.

e Be consistent, measurable, transparent, repeatable and flexible, including a consistent language and
terminology across the state and consistent framework to reduce overlap.

o Ability to integrate with, complement and cross-walk to other state and national mapping, data sets and
classification schemes.

e Mappable for managers, researchers, other stakeholders and provides a consistent platform for policy and
planning decisions, including offsets.

e Applicable to a range of management issues and scalable for all Queensland, for example for consistent
attribute-based data collection, and future monitoring and assessment programs.

e Provide a common framework to incorporate existing data and knowledge for classification, data capture,
storage and retrieval, mapping and monitoring, and identify knowledge gaps for future work.

The Queensland Intertidal and Subtidal Classification scheme (DES, 2019) reviewed over 130 aquatic classification
schemes for their relevance to the specified requirements, including the attribute-based Groundwater Dependent
Ecosystem (GDE) Mapping Method (DSITI, 2015, Glanville et al, 2016). While these schemes were not specific to rivers,
a subset of forty schemes were examined in more detail and the purpose, approach, and data inputs/outputs of the
schemes were reviewed. The main types of schemes were:

o Whole-of-system (holistic) attribute-based classifications
e Attribute-based classifications for subsets or parts of an ecosystem
e Typology classifications and inventories based on limited attributes or for a limited purpose.

The review concluded that most intertidal and subtidal classification and/or mapping projects are relatively specific. This
means they only focus on a narrow range of components of the ecosystem such as sediment, morphology or coral in a
restricted geographical area. It was suggested that an attribute-based classification scheme would provide a more
holistic and integrated framework that provided a spatial hierarchy and a list of ecosystem components and processes
at different levels in the hierarchy. This would then allow the production of typologies to enable more effective
management of these systems.

In the Queensland waterhole classification scheme (DES, 2020) four levels were used (Figure 4). Between 1 and 22
initial attributes were assigned to each of the levels (Table 1). After the initial attributes had been assigned then it was
possible to describe the relative spatial locations of the mapped attributes using spatial attributes (Table 2). This meant
that an extra two attributes were added to the seascape level and three to the habitat level, with no spatial attributes
identified at the region or community level.

Climate theme attributes dominated at the region level while water characteristics was the main theme at the community
level. To add flexibility to the attributes, so that they could better encompass temporal and anthropogenic variability, the
attribute qualifiers of naturalness, trend and period were included. Attributes were also described as enduring or non-
enduring. This related to their persistence over time, with enduring ones being easier to map.
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Figure 4 The four levels used in the Queensland waterhole classification (DES, 2020).

Table 1 The initial attributes used to classify waterholes in Queensland at differing spatial levels (DES, 2020)

Region Theme: Attribute Landscape/Seascape Habitat Theme: Community Theme: Attribute
Theme: Attribute Attribute
1. Climate: Average annual 1. Terrain: Underlying 1. Erosion: Erosion and 1. Waterhole terrain: Underlying
rainfall geology deposition features geology
2. Climate: Potential 2. Water characteristic: 2. Waterhole terrain: Benthic substrate
evapotranspiration Water source size
3. Climate: Phase-offset 3. Waterhole terrain: Benthic substrate
composition
4. Climate: Aridity 4. Waterhole terrain: Depression depth
1 attribute
5. Waterhole terrain: Depression depth
2
6. Waterhole terrain: Depression depth
3

7. Water characteristic: Water colour

8. Water characteristic: Water clarity

9. Water characteristic: Salinity

10. Water characteristic: Water
pH

11. Water characteristic:
Dissolved oxygen

12. Water characteristic: Water
hardness

13. Water characteristic: Trophic
level

14. Water characteristic: Water
characteristic: Nutrients

15. Water characteristic: Mixing
state

16. Water characteristic:
Permanence of water

17. Water characteristic: Timing
predictability

18. Water characteristic:
Maximum residence time

19. Vegetation: Surrounding
vegetation

20. Vegetation: Shading

21. Groundwater hydrology:
Agquifer confinement

22. Groundwater

hydrology: Waterhole and
groundwater spatial connectivity
regime
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Table 2 The spatially derived attributes used to classify waterholes in Queensland at differing levels (DES 2020)

Region Theme: | Landscape/Seascape Theme: | Habitat Theme: Attribute Community
Attribute Attribute Theme:
Attribute
1. Degree of isolation: 1. Water  supply:  Water
Proximity to similar waterhole source distance
2. Degree of isolation: 2. Water  supply:  Water
Proximity to any other permanency in the boarder
waterhole landform element
3. Water morphology and
topology: Morphological
dimensions

2.1 Summary and recommendations

The existing Queensland attribute-based ecosystem classification schemes have shown the benefits of using a flexible
set of attributes that can be applied to create typologies for different purposes. Traditional approaches have been more
focused on a single problem, spatial area or component of the ecosystem.

Attributes in the two Queensland based systems have been collated over four or five different spatial scales, rather than
the existing three of the ANAE (AETG, 2013). They have been divided into different themes and given qualifiers to
describe their temporal variability or trend and amount of anthropogenic modification. The QRCS will adopt a similar
system with attributes, spatial attributes and qualifiers and draw on the existing attributes developed for the other
schemes, especially at the upper levels.

3. Biophysical river classification

A wide range of attempts to classify rivers have been proposed since the earliest days (e.g. Davis, 1899) and the
literature has many examples of different river classification schemes, all of which have their own merits and limitations
(e.g. Rosgen, 1994, 1996; Kondolf, 1995; Miller and Ritter, 1996; Brierley and Fryirs, 2000; 2005; Gurnell et al. 2016).
Most existing classifications have been designed for a specific purpose at a specific resolution, and while they might
perform this role adequately, most could not be regarded as universal or broadly applicable. Across the spectrum of
river classifications, the two dominant purposes driving classification are to (1) improve scientific understanding of river
function and determine process zones or clusters; or (2) inform decisions and management through (mainly)
hydromorphological characterisation. Research driven classifications used to increase the understanding of form and
processes of rivers have gradually been superseded by more management-driven systems. These purposes can be
further divided into more specific objectives (Table 3). However, the primary motivation for river classification is to
simplify the complex interaction of different spatiotemporal attributes nested at different spatial scales.

The approaches to river classification are diverse, with a range of classifications adopted over the last 125 years (Naura
et al. 2016). Approaches include classifications based on channel units (Bisson et al. 1982; Wheaton et al., 2015),
channel pattern (Strahler 1957; Rosgen et al. 1994) and channel-floodplain interactions (Melton, 1936; Nanson and
Croke, 1992), process domains (Schumm 1977; Paustian et al. 1992; Montgomery and Buffington, 1997), evolutionary
trajectories (Davis, 1899; Brierley and Fryirs, 2002) and hierarchically nested frameworks (Frissell et al. 1986; Gurnell
et al. 2016; Pasternack et al. 2018). Many are not categorically singular in approach, while most river classifications are
in some capacity hierarchical and consider the nested spatial distribution of rivers and channels into catchments,
networks and reaches that has long been appreciated as an inherent characteristic in fluvial geomorphology (Kondolf
et al. 2016). However, management-focused classifications are more likely to be single-scaled, focused on channel
reaches relevant to the scale typical of management actions and often align with socio-political boundaries (Kondolf et
al. 2016).

Formative processes or genetic controls are also often implicit or directly considered in many river classification
schemes, including physiographic environments (Wohl and Merritt, 2005; Spencer et al. 2007; Heasley et al. 2019),
sediment load and transport (Schumm 1963; Church, 2002; 2006), and hydrological drivers (Gustard 1992; Lane et al.
2017, 2018; Pasternack et al. 2018). More recently, statistical approaches have sought to objectively identify channel
types based on the clustering or diversity of geospatial attributes (Sutfin et al. 2014; Kasprak et al. 2016; Byrne et al.
2020; Henshaw et al. 2020).

Heasley et al. (2019) divide approaches as either bottom-up, from reach-level measurements (response), or top-down,
using broader scale controlling descriptors (control). Bottom-up approaches have typically been expensive and time
consuming, necessitating large initial input data requirements (formerly reach-scale field datasets) which may
underrepresent certain areas and limit their universal applicability. Nonetheless, such approaches are generally
preferable as they use actual measurements of the feature of interest rather than inference or prediction as per the latter
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approach (Heasley et al. 2019).

Most classifications have been inherently regional. Numerous attempts have been made at developing universally
accepted geomorphic river classification schemes, with the Rosgen (1994) and the River Styles approach of Brierley
and Fryirs (2000; 2005) being recent examples in a line extending back to Davis (1899). Despite the lack of a universally
accepted classification framework, the fundamental requirements of an enduring classification scheme,

“...should have the ability to encompass broad spatial and temporal scales, to integrate structural and
functional characteristics under various in-stream disturbance regimes, to convey information about
underlying mechanisms controlling in-stream features, and to accomplish this at low cost and at a high
level of understanding among resource managers.” (Naiman et al., 1992, p117).

In addition to this the classification scheme should be as objective as possible and should be repeatable by different
operators applying the classification system independently (Kondolf, 1995). The REFORM (REstoring rivers FOR
effective catchment Management) framework provides the most recent and likely most robust example of this by using
a multi-scale, hierarchical approach for developing process-based understanding of European rivers (Gurnell et al.
2016). Critically, advantages of the framework are that it is open-ended, adaptable, flexible and operates across spatial
levels.

The most critical challenge of river classification is that all derived typologies are static descriptions of points on a
continuum. Rivers are a process; dynamically-driven hydrogeomorphic systems shaping channel morphology across
multiple scales (Byrne et al. 2020). Many biophysical classifications use descriptive channel attributes to produce reach-
scale morphological classifications and inform form-process interactions, yet lack a clear articulation of those associated
processes (Doyle et al., 1999). Further, classification frameworks have been derived that seek to integrate purely
geomorphic form-process associations into eco-hydrologically meaningful form-habitat, function-process frameworks
(see Thorp et al., 2006, Schmitt et al., 2007, Leathwick, et. al., 2011). Often, a group of morphological attributes are
combined to explain species or species assemblage distribution. So, the classification ends up as a habitat or ecosystem
classification rather than a river process classification. It is critical to distinguish whether a river classification is
descriptive, or process based, in order to address whether the classification is underpinned by the mechanistic
explanations of channel forms (Buffington and Montgomery, 2022).

Table 3 Examples of geomorphic-based river classification objectives. Adapted from Kondolf et al. (2016) with references therein.
Ad(ditional references are underlined.

Objective Scales References

Basin Valley Network Reach Habitat

Describe valley Davis 1899; Strahler 1957; Heasley

geomorphology, quantify * ¢ et al. 2019

drainage network

Classify and characterize ° Gustard 1992

hydrologic regimes

Provide a theoretic . . . . . Hynes 1975; Schumm 1977;

hierarchical framework for Lotspeich 1980; Brussock et al.

river classification 1985; Frissell et al. 1986; Kern
1994; Gurnell et al. 2016

Elaborate hierarchical ° ° . . . Rohm et al. 1987; Cupp 1989a;

typologies and/or Hugues et al. 1993; Omernik 1987;

ecoregional studies Wasson et al. 1993; Imhof et al.

1996; Allan and Johnson 1997;
Heritage et al. 1997; Souchon et al.
2000; Belletti et al. 2017
Characterize valley bottom Galay et al. 1973; Cupp 1989b;

or floodplain dynamics Nanson and Croke 1992; Bravard
and Peiry 1999; Ferguson and
Brierley 1999

Describe (or predict) . . Leopold and Wolman 1957; Galay
alluvial channel patterns et al. 1973; Rust 1978; Schumm
1985; Paustian et al. 1984; Van
den Berg 1995; Nanson and
Knighton 1996; Alabyan and
Chalov 1998; Spencer et al. 2005;
2009

Regionalize channel . . . . Petit 1995; Rosgen 1996
morphology and dynamic
Sectorize streams in reach

Maire and Wilms 1984; Cupp

having homogeneous * ¢ ¢ 1989b; Agence de I'Eau Rhin-
geomorphic functioning for Meuse et al. 1991; Orlowski et al.
management purposes 1995; Van Niekerk et al. 1995;
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Objective Scales References

Basin Valley Network Reach Habitat

Bernot et al. 1996; Heritage et al.
1997; Schmitt 2001

Classify streams for . . NRA 1993; Corbonnois and
management purposes Zumstein 1994; Rosgen 1994,
1996; Zumstein and Goetghebeur
1994; Bernot and Creuzé des
Chatelliers 1998; Doyle et al. 1999;
Schmitt 2001; Piégay et al. 2009;
Belletti et al. 2013; Gonzalez del
Tanago et al. 2016

Classify streams on the . ° Kellerhals, et al. 1976; Schumm
basis of their morpho 1963, 1977; Tricart 1977; Brookes
dynamic processes and 1987; Whiting and Bradley 1993;
adjustments Downs 1994, 1995; Montgomery

and Buffington 1997; Schmitt 2001;
Emery et al. 2003; Orr et al. 2008;
Byrne et al. 2020

Classify reference natural . . Otto and Braukmann 1983; Otto

states of streams (Leitbild; 1991; Miller et al. 1996;

German approaches) Bostelmann et al. 1998a,1998b;
Tolk 1998

Identify reaches sensitive ° Piégay et al. 1997

to erosion

Identify reaches . Piégay et al. 1996

producing/storing LWD

Stratify a River Quality ° ° AQUASCOP 1997; Raven et al.

Index 1997; Malavoi 2000; Schmitt 2001

Identify reaches for . ° NRA 1992; Bostelmann et al.

rehabilitation purposes 1998a,1998b; Brierley and Fryirs
2000; 2005

Manage biological . . . . . Otto and Braukmann 1983; Wright

resources et al. 1984; Cupp 1989a; Biggs et
al. 1990; Souchon et al. 2000

Identify aquatic . ° ° ° Huet 1949; Pennak 1971; Vannote

habitats/make biotic et al. 1980; Wright et al. 1984;

typologies (fish, macro- Cupp 1989a; Holmes 19809;

invertebrate, Malavoi 1989; Biggs et al. 1990;

macrophytes) Hawkins et al. 1993; Robach et al.

1996; Allan and Johnson 1997;
Nicolas and Pont 1997;
Montgomery et al. 1998; Beechie et
al. 2005; Harvey et al. 2008

Integrating process within a classification framework can introduce additional challenges, particularly in terms of
supporting objectivity. A foundational geomorphic principle is that form implies process. But differentiating types of rivers
based solely on form can lead to problems when using the types for management. Equifinality, for example, is when a
form can be the result of many different processes. A deep channel with steep banks could be the result of a high energy
stream in a resistant boundary material. It could also be the result of a headcut moving through a system and incising a
channel. The future processes in these two different types would be very different and require different management
strategies.

Misunderstanding formative processes can lead to the application of inappropriate management approaches and negate
some of the key objectives of classification frameworks. Despite being widely adopted by managers due to its relative
simplicity, the Rosgen (1994) classification of natural rivers has limitations due to its limited integration of process
information (Simon et al. 2007, Lave 2012). To better describe a feature that is variable in both space and time, often a
number of snapshots with different forms are used to understand the characteristic behaviour or processes governing
that river type. River characterisation and process understanding can be critically informed by historical behaviour and
trajectory (Brierley and Fryirs, 2005; Buffington and Montgomery, 2022).

Classification schemes such as Rosgen (1994, 1996) and the River Styles Framework (Brierley and Fryirs, 2000;
Brierley et al. 2002) have some subjective parts, often relying on expert judgement backed up with some quantitative
data to identify homogeneous reaches at some defined scale or resolution. An approach developed by Parker et.al.,
(2012) for objectively delineating uniform river reaches provides an approach that addresses how some of the issues
with the subjective reach delineation can be overcome. Multivariate statistical techniques are now being increasingly
used to derive typologies and remove much of the subjectivity in classification that comes from categorising and
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populating attributes (e.g. Schmitt et al., 2007, Leathwick, et. al., 2011; Sutfin et al. 2014; Hough-Snee et al. 2015) with
varying degrees of success (Kasprak et al. 2016; Byrne et al. 2020).

Effective river management and rehabilitation require a quantitative, process-based understanding of fluvial
geomorphology and biophysical interactions within a flexible scheme to address a variety of goals and issues (Kondolf
et al. 2016; Buffington and Montgomery, 2022). The most important factors governing the endurance of a classification
system is its ease of application but also open-endedness to facilitate the activities of multiple end users and integrate
advancements in understandings or technologies (e.g. new high resolution datasets). Flexible classifications can provide
valuable tools to provide understanding of river systems within regional frameworks.

3.1 Summary and recommendations

The classification of rivers has diversified from initially trying to understand form and function based on general
observations to more data-driven approaches that can be used for river management. In the application of these
classifications there is a balance between applying general principles, across different river types, and having specific
details/attributes about the region the classification will be applied over.

Rivers exist on a continuum in space and time, classification involves describing particular points along the continuum
that can be differentiated from each other using one or more attributes. A purely descriptive classification framework
may be limited in its application by solely considering form in the absence of mechanistic drivers. Processes or process
inferences are useful for predicting future trajectories that are useful for management, however, these have in the past
not been timebound which can restrict their use.

4. Aspects of biophysical river classification

A quantitative review of attributes was made of a subset of biophysical river classification schemes from 30 pieces of
literature. These classification schemes were not meant to be an exhaustive review but instead were chosen to
encompass a range of time periods, geographic locations and applications. They were intended to highlight the range
of ways of classifying and typing biophysical aspects of river systems that have been used, or well cited, both in Australia
and internationally (Table 4). The term river system is used to encompass the whole gamut of forms and spatial extents
that a river may occupy, or be influenced by, such as surface hydrology, sediment budgets, groundwater and floodplains.

The literature that focused on the river and classified by attributes within the channel was often focused on stream biota
(i.e. Frissell et al. 1986; Davies, 2000; Parsons et al. 2002; Turak and Koop, 2008). There were also classifications that
included river channel and floodplain interactions (e.g. Nanson and Croke 1992; Brierley et al. 2002; Erskine et al. 2005),
while several classifications included the groundwater system (e.g. Dahl et al. 2007, Rinaldi et al. 2016). Classification
schemes nested hierarchical levels either spatially or by ecosystem components. This meant that some schemes had
more than one classification, for example one for the channel and one for the floodplain, resulting in 40 different
approaches to segmenting rivers systems. Of these 40 approaches, there were 15 that specifically related to use in
Australia (e.g. Jerie, Houshold & Peters, 2003; Bourke and Pickup, 1999).

Classifications were mainly undertaken for river management purposes, with 23 classifications stating informing
management practices as the principal objective. Another 15 classifications were undertaken for research-based
purposes, while two were created by Jerie, Houshold & Peters (2003) for geoconservation. These latter two
classifications were separated from the management category because of the very specific intention. The biophysical
emphasis was difficult to separate as many were both geomorphological and biological. Generally, if the purpose was
to inform on biological processes, it was tagged as a biological classification. This meant that there were 28
geomorphological classifications and 12 biological ones.

A brief search of vegetation classifications suggested that they tend to be landscape based with some types that relate
to waterways but do not necessarily define waterways, for example, the Environmental Vegetation Classification (EVC)
used in Victoria (DSE, 2004). The same was true for macroinvertebrate classifications where a restricted instream set
of types are used to define habitat conditions (Turak and Koop, 2008).

Table 4 Summary information of river classification schemes selected for detailed investigation.

Reference Scheme Purpose Emphasis No. of No. | Spatial area of
approach attributes | types | applicability

Davis (1899) Classification | Research Geomorphology 6 3 Region

Melton (1936) Inventory Research Geomorphology 7 7 Region (USA)

Schumm (1963) Classification | Research Geomorphology 9 9 Region (Great
Plains Rivers
USA)

Brice and Blodgett Classification | Management Geomorphology 15 5 Region (USA)

(1978)

12



Interim Queensland River Classification Scheme — Module 2

Reference Scheme Purpose Emphasis No. of No. | Spatial area of
approach attributes | types | applicability
Frissell et al. (1986) Typology Management Biological 35 Region
Nanson and Croke Typology Research Geomorphology 6 13 Region
(1992)
Rosgen (1994) Typology Management/fish | Geomorphology 5 Basin
habitat
Nanson and Knighton Classification | Research: Geomorphology 4 6 Region
(1996) Categorisation of
anabranching
rivers
Bourke and Pickup Inventory Research Geomorphology 3 3 Region (Arid
(1999) Central Australia)
AusRIVAS Classification | Management Biological 3 Region
(Davies, 2000;
Parsons, 2002)
Classification | Management Biological 5 11 Region
Brierley et al. (2002) Typology Management Geomorphology 7 Region
Snelder and Biggs Typology Management Geomorphology 6 Region
(2002)
Jerie, Houshold and Classification | Geoconservation | Geomorphology 14 489 Region
Peters (2003) (Tasmania)
Typology Geoconservation | Geomorphology 18 42 Region
(Tasmania)
Erskine et al. (2005) Classification | Management Geomorphology 8 13 Region (Tropical
rivers in Northern
Australia)
Dahl et al. (2007) Typology Management Biological 4 Region
(Water
framework
directive)
Fryirs et al. (2007) Inventory Research Geomorphology 5 3 Region
Turak and Koop Classification | Management Biological 21 10 Region (NSW)
(2008)
Classification | Management Biological 3 6 Region (NSW)
Classification | Management Biological 3 8 Region (NSW)
Classification | Management Biological 3 5 Region (NSW)
NRMSouth (2009) Typology Management Geomorphology 17 Region
(Tasmania)
Davies (2012) Classification | Management Biological 1 4 Basin (Murray
Darling)
Ashworth and Lewin Classification | Research: Geomorphology 4 6 Region
(2012) Categorisation of
large rivers
Classification | Research: Geomorphology 4 5 Region
Categorisation of
large rivers
Classification | Research: Geomorphology 7 4 Region
Categorisation of
large rivers
Buffington and Review Research Geomorphology 8 N/A
Montgomery (2013)
DSE (2014) Typology Management Geomorphology 7 25 Region (Victoria)
Gonzalez del Tanago Typology Management Biological 57 Region
et al. (2016)
Gurnell et al. (2016) Typology Management Biological 50 Region
Kasprak et al. (2016) Classification | Research Geomorphology 6 4 Region
Rinaldi et al. (2016) Typology Management Geomorphology 3 22 Region
Classification | Management Geomorphology 9 13 Region
Classification | Management Geomorphology 6 9 Region
Classification | Management Geomorphology 3 4 Region
Jha and Diplas (2018) Classification | Research Geomorphology 11 5 Region
Martinez-Fernandez et | Classification | Research Geomorphology 5 Region

al. (2019)
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Reference Scheme Purpose Emphasis No. of No. | Spatial area of
approach attributes | types | applicability

Solheim et al. (2019) Typology Management Biological 6 20 Region

Henshaw et al. (2020) Typology Research Geomorphology 30 5 Region

4.1 Spatial scales (levels) relevant to river systems

The classifications were reviewed to identify if they were constrained in the spatial scale, termed levels in the ANAE
approach (AETG, 2013), over which they could be applied. A number of spatial scales were initially considered: Region;
Catchment; Sub-catchment; Reach; Patch. All the classifications were considered appropriate to be applied at the
regional level, however, the spatial extent of the region was sometimes constrained such as for tropical rivers (Erskine
et al. 2005) or arid central Australia (Bourke and Pickup 1999).

Different spatial hierarchies in the literature were explored to indicate whether the three levels used by the ANAE (AETG,
2013) would be sufficient or if more levels were required. Three types of hierarchy are described ranging from a more
ecologically focused approach (Frissell et al. 1986), the River Styles systems (Brierley et al. 2002) that was developed
and is frequently used in Australian environments, and the REFORM framework developed to be used across a broad
spectrum of rivers in Europe (Gurnell et al. 2016).

The spatial hierarchy used by Frissell et al. (1986; Figure 5 and Table 5) appeared to be similar to that used by the
attribute based approaches (Section 2). Five different spatial levels or systems were defined: (1) Stream, (2) Segment,
(3) Reach, (4) Pool/Riffle, and (5) Microhabitat. Each of these spatial levels was associated with examples of important
evolutionary events, developmental processes, and timescales of persistence. The timescales of persistence decrease
with spatial level, with the microhabitat sub metre scale persisting for around a year whilst the stream system of around
a kilometre in length would have features that persist over around 108 years.

STREAM SYSTEM SEGMENT SYSTEM

im 0 m 0’ m 0 m 0l m

Figure 5 The spatial hierarchy of a second or third Strahler stream order mountain stream (Frissell et al. 1986, p. 203)
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Table 5 Spatial and temporal scales for different stream system levels and their controlling events or processes (Frissell et al. 1986,
p. 203)

Time scale of

Linear Continuwous
spatial potential
System scale® Evolutionary Developmental persistence”
level {m) EVenis” proccsses” I!}'can'l
Stream 10 I'ecromic ||pl|l| nlbndfmr Manation; denudation; 10f=10¢
g.:;adc-m cabasirg |-|:|‘1w w:-h;l:r:m LY ] level tlu.inugr mELwaTk dl‘.lt'l'.lpmthl
changes; glaciation, climatic
shilts
Segment 108 Minor glaciatson, volcanism; Migranon of vribuary juncions - 1%
SVELeTn earthguakes; very large landslides; and bedrock mickpoints; channel
alluvial or colluvial valley floor downwearing: development
infilling of new first-order channels
Reach 1o Debas iorrents; landshdes; log Aggradation/degradation 107100
system wnput or washout; channel shifis, associated with large sediment-
outedfs: channehraton, diversaon, storing structures; bank erosion:
or darnsning by man npanan vegeialion succeiiion
Pool'riffle 1o Input or washout of wood, boulders, Small-scale lateral or elevational 10'=-10*
SVEem et small bank Eatures: flood q hurl‘gﬂ in bedforms: minor bedload
scour or deposition; thalweg resOTlng
shifis: numerous huinan acivities
Microhabitat jo-t Annual sediment, organic mateer Seasonal depth, velooty changes; Ie-10="
system Lramspsort; soour of slatonary accumulntion of fines; microbial
'!I.ttlﬂ rates; “amﬂal (LI, rnph}'tr lllrmldlm'ﬂ UF ucrg::li-::; |.'rrr'i|‘.‘lh.:¢ (Ll |
growth and croppng growth

] ‘_.ppre and vime wales indscased are approprsie for @ woond- or third-onder mourter SUeam
* Evolutionary evenis change potential capacity. that is. extrinsie forces than oreate and destroy syveems an thar scale
« Developmental processet are intnnike, progresne changes following a system’s grpesis in an evolutiomary event.

Brierley et al. 2002 organised the hierarchical levels and reach-level classification of the River Styles Framework
primarily based on the degree of valley confinement (Figure 6). Valley-scale features, such as floodplain pockets or
channel sinuosity are subsequently used for lower levels. The types were then selected by the grainsize which may vary
at the sub-valley — reach scale although the measurement is at a finer scale. The final spatial level is that of the
geomorphic unit such as bars, benches and pools.

Gurnell et al. (2016) reviewed 16 multi-scale hierarchical frameworks for rivers in order to recommend a system for the
European REFORM programme. The work by Frissell et al. (1986) was considered comprehensive for a multi-scale
framework of streams and habitats. After reviewing the existing frameworks, they developed a new one based on eight
spatial levels: (1) Region; (2) Catchment; (3) Landscape Unit; (4) River Segment; (5) Reach; (6) Geomorphic Unit; (7)
Hydraulic Unit; and (8) River element (Gurnell et al., 2016) (Table 6).

When compared to Frissell et al. (1986) there was more detail at the top levels, describing processes and forms at a
regional scale. This fits well with the ANAE (AETG, 2013) approach. Gurnell et al. (2016) were also clear about how
they define the levels, including specifying that a reach should have uniform boundary conditions.

Confined vallw setllng Panljrnunl'med valley setting nllwlal valley setting
(=90 % of channel % of channel abuts (<10 % of channel abuls
abuts vnlley margin valley margin) valley margin)
presencefabsence of ~ walley configuration absent or present and
occasional loodplain (straight vs irregular vs sinuous) discontinuous continuous
pockels channel channel
l - "
bed matenal texture percent of channel type of discontinuous number of
along valey mangin chmnel channals
/ nds, poals, gully)
1 1
badrock-conlrolled  planform-controlied valley flooe
geomorphic wnils discontinuous discontinuous texture sinuosity of channels
floodplain floodplain
" "
bed matenal texture  bed material texture  geomMophic units Iateral stability
of channels
L l L L
geomorphic units  geomorphic units bed materal texiure

geomarphic units

Figure 6 The hierarchical process used to identify river types in the River Styles Framework (Brierley et al. 2002, p. 96)
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411

The review of classification hierarchies suggests that the original three ANAE spatial levels (AETG, 2013) may not be
sufficient to describe all the spatial scales that influence and describe riverine ecosystems. The attribute-based approach
(AETG, 2013) recommends levels, and attributes appropriate to these levels, but does not suggest how they should be
selected in sequence at each level.

Summary and recommendations

The European REFORM framework (Gurnell et al., 2016) builds on the well-received framework by Frissell et al. (1986).
The eight levels used will be considered in the Queensland River Classification Scheme (Module 1 DES 2023). The
increased complexity of adding new levels should be balanced against any improved ability to describe the processes
and forms operating in river systems.

Table 6 Spatial units used with the REFORM framework, alongside indicative temporal and spatial scales and criteria used to define

the units (Gurnell et al. 2016 p.10)

Indicative space and
lime scales

Spatial unit {ahermnative
cquivalent tenms)

hm‘l]p“ﬂl

Delineation criteria

Region (ecoregion, =10° km™

hiogeographical region) =10 years

Cotchment (drainage basin, 1 = 10F km*
watershed) 10° = 10" years

Landscape unit 107 - 10" km®
{physiographic unit) 107 = 10 wears

10" - 107 km
10" - 10° years

Segment (sector)

107" = 10" km

(204 chanmnel
widths)

10" = 10° wears

Reach

10" = 10¢F m

(0.1 = 20 channel
widlths)

1"

Cieomorphic unit
rnmqilﬂlﬂl:'ll.:.ll i,
mesohabital, sub-reach)

]
10 years

II}LIr:mlu.' Al 1! 10" m
(520 Dyl
107" = 10" years
River element 0 = 10" m
(10" = 10" D)

10 - 10” yeans

Relanvely large area that contains
characteristic assemblages of natural
communitics and species that are the
product of the broad influence of climate,
relief, tectonic processes, etc

Area of land drained by a nver and its
tnbutanes

Portion of a catchment with similar landscape
morphological charactenstics
(topagraphyTandform assemblage)

Section of niver subject o aimilar valley-
scale influences and energy conditions

Section of nver along which boundary
conditions are sufhciently uniform that the
river maintains a pear consistent intermal set
of process-form interactions

Area containing a landform created by
Eroson oF 1|c'|1|1\i.li-.1n of sediment,
sometimes in association with vegetation,
Cieomonphic units can be located wathin the
channel (bed and mid-channel featunes),
along the channel edges imarginal and bhank
features) or on the floodplain

Spatially distinct patch of relatively
homogeneous surface flow and subsirale
character. A single geomorphic unit can
inchode from one 1o several hydraulic units

Element of nver environments including an
individual and patches of sediment
particles, plants, wood

Duiferences in muin chimat vanables
and distribution of main vegetalion
Lypes

Topographic divide (watershed)

Topographic form (elevation, relict:
dissection, often reflecting rock
typeds) and showing characteristic land
COWER u\w:||||!l|:|t:|:\b

Major changes of valley gradsent

Major ributary confluences (significantly
InCTeasing upstream catchment arga,
river discharge)

Valley confinement (confined. partly-
confined, unconfined)y

In mountmnous areas, very large lateral
sediment inpuls

Channel morphalogy (paicularly
plantorm)

Floodplain feamares (minor changes in
downstream slope, sediment calibre,
may e relevant)

Antificial discontinuities that affect
longitudinal continuity ie.g. dams,
major weirs/check dams that disrug
waler and sediment trimafer)

Major morphological units of the channel
aar ﬂuﬂdplu.il:l IJ1'\III'IF1Ii‘-1I¢|.I h:_l.' distinet
form, sediment structurefcalibne, water
depth/velocuy structure and sometimes
large wood or plant stands (e.g.. aquatic/
riparian, age class)

Paiches with a consistent flow Lh.'rlrl'u'
velocity/bed shear stress for any given
fAow stage and characterized by a
narrow range in sediment panicle size

Significant isolated elements creating
specific habital types

Dy median particle size of the river bed material

4.2 The number of attributes and types in classification schemes

One of the outcomes of a river classification scheme is a division of rivers into a number of different types (the typology).
The types should be relevant and informative to the required use of the classification. For example, if the question is
regarding how rivers contribute fine sediment into the water column there should be enough types to separate out
significant different types with minimal overlap between them. A compromise needs to be made between showing all
the possible effects in all situations and being so granular that significant impacts are missed.
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The number of attributes/descriptors used in the classification schemes to define the types is important (Figure 7). Types
ranged from being based on single attributes, such as elevation used by Davies et al. (2012) to the 57 used by Gonzalez
del Tanago et al. (2016). The average number of attributes used in classification frameworks was 11, while the median
was six. In the case of the of the management classifications there was an average of 12 attributes and a median of six.

The number of river types derived from typologies within each classification scheme ranged from the three types defined
by Davis (1899) to 489 types defined by Jerie, Household & Peters (2003). The latter had a statistically driven
environmental domain analysis that produced these distinct data clusters. The 489 types were, however, then combined
to make 90 fluvial mosaics to make them more useful for management. There are also systems (e.g. Brierley et al. 2002;
Dahl et al. 2007; NRMSouth 2009; Gonzalez del Tanago et al. 2016) that are open ended so that new types can be
added as they are identified.

On average the number of river types defined within a classification was 26 whilst the median number was six. When
only the management-focused classifications were selected the average number of river types was 11 and the median
was ten. This suggests that around ten types might be useful for similar management applications.
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Figure 7 Number of attributes and/or descriptors used in river classification schemes.

4.2.1 Summary and recommendations

There was a large range in the number of types defined by classification systems, however, for management purposes
the mean and median were closely grouped to around ten types. This suggests that this number might balance the
complexity of the river system against ease of communication and ability to provide management recommendations. In
previous classifications this number of types has been generated from on average 12 attributes.

4.3 Attributes, descriptors and types used in other classification frameworks

There were 424 descriptors identified as part of the review that were a range of metrics, attributes and functional
typologies. Many of the descriptors used to describe and delineate rivers were different terminology to describe a similar
component or process. For example, in-channel bars could be described using the descriptors: presence of bars,
position of bars, active lateral bars, active point bars, or depositional features in channel. To better understand the
attributes needed in a classification scheme, the 424 descriptors were reduced to 342 by taking out those that appeared
identical. These were then consolidated into 46 groups based on similarities in what they were attempting to describe.
There were also 15 descriptors that did not readily fit into the groups and were only used in one of the reviewed
classifications. These were kept as separate individual descriptors.

The group with the most descriptors was boundary sediment, with 25 different metrics, attributes and functional
typologies. These ranged from the presence or absence of different bed and bank sediment sizes, the dominant grain-
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size class such as sand or gravel, statistical distributions of grainsize (such as Dso or the percentage of different grainsize
classes), the resistance and mobility of the sediment to flows, the substrate on and underlying the surface, and the
amount of anthropogenic material.

The number of different descriptors in a group does not necessarily indicate its relative importance. It may indicate the
lack of standardisation in the measurement of the component or processes, or that nuances are important in different
applications. For example, if the classification is biologically based, the types of descriptions may differ in their intent
compared to a geomorphological focus.

Table 7 Groups used to describe the key groups of descriptors used in biophysical classifications of rivers.

No. Groups Theme Example descriptors
descriptors
in group
25 Boundary sediment Substrate (physical) Bed and bank sediment size
18 Channel mobility Terrain Channel narrowing
(erosion, deposition)
17 Channel dimensions Terrain Width:Depth ratio
(based on width)
16 Riparian vegetation Biota Tree cover on banks (<50/50-90/>90 % of
bankline)
15 Presence of floodplain Terrain Presence of floodplain
12 Geomorphic units Terrain Presence of geomorphic units typical of
channel and floodplain type
12 Channel slope Terrain Long profile slope
12 In-channel bars Terrain Number/extent/ bare gravel bars and
vegetated gravel bars/benches/islands
11 Sediment budgets Substrate (physical) Sediment load/budget
11 Stream position in Terrain Stream order
catchment
10 Channel pattern Terrain Channel pattern
10 Planform sinuosity Terrain Sinuosity
10 Flow volume Hydrology (physical) Average annual flow
descriptors
9 Water Chemistry Hydrology (chemical) Water chemistry: Alkalinity/Calcium/Colour
Floodplain features Terrain Floodplain type
Channel depth Terrain Average bankfull channel depth
Baseflow descriptors Hydrology (physical) Extent of intermittency (number of days)
7 Flow timing descriptors Hydrology (physical) Flow regime type
6 Water depth Hydrology (physical) Water depth
6 Groundwater Hydrology (physical) % exposed aquifers
6 Catchment size Terrain Catchment area
6 Process histories N/A Peat process history region
5 Valley topography Terrain Channel floor slope
5 Precipitation descriptors | Climate Average annual precipitation
5 Climate descriptors Climate Climate (Warm Extremely Wet/Warm
Wet/Warm Dry/Cool Extremely Wet/ Cool
Wet/Cool Dry)
4 Floodplain sediment Substrate (physical) Grainsize on floodplain
Floodplain connection Hydrology (physical) % floodplain accessible by flood water
with channel
Bedrock Substrate (physical) Bedrock relief/slope
Sediment transport Terrain Transported sediment size
rates
4 Geology Geology Geology (Alluvium/Hard Sedimentary/Soft
Sedimentary/Volcanic Basic/Volcanic
Acidic/Plutonic)
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No. Groups Theme Example descriptors
descriptors
in group
4 Flow velocity Hydrology (physical) Water depth/velocity
Soils Substrate (physical) % soil permeability class
Aquatic plants Biota Number of aquatic plant morphotypes
Biota Biota Common characteristic: taxa collected at most
reference sites of that type
4 Large wood Substrate (physical) Large wood and fallen trees in channel and
riparian corridor
Land-use N/A % land cover classes
Sediment transport Terrain Dominant mode of sediment transport
processes (bed/Mixed/Suspended)
Valley width Terrain Average width of erodible corridor
Channel cross-sectional | Terrain Cross-sectional form
shape
3 Channel Substrate (physical) Number of major blocking and spanning
continuity/blocking structures (e.g. dams)
structures
3 Channel character at N/A Catchment response
differing flows
Stream power Hydrology (physical) Specific Stream power
Number of channels Terrain Number of low flow channels
Channel environment Climate Environment (where they are likely to be
located)
2 Plant associations: Biota Dominant riparian plant associations
channel
2 Channel anthropogenic N/A Channelised
modifications

Attributes can be arranged into themes such as those shown in Table 7. The initial themes used for the development of
the QRCS are shown in Table 8. The categories developed from the classification review were separated out into the
different themes. The dominant theme was terrain with 13 different groups. While this could be the most useful attribute
theme to develop channel typologies, the classification system should have the flexibility in attributes to be applied so
that it can develop biophysical typologies for a range or purposes. This means that there are gaps identified from the
review that suggest extra attributes may need to be developed, especially in the climate, geology, substrate (chemical),

hydrology (chemical) and biota themes.

Table 8 QRCS attribute themes and the number of groups from the classification review within each theme.

Theme Number of original review
groupings

Climate 3

Terrain 13

Geology 1

Substrate (physical) 6

Substrate (chemical) 0

Hydrology (physical) 8

Hydrology (chemical) 1

Biota 4

4.3.1 Summary and recommendations

There were 342 different descriptors identified in the review that described the biophysical components and processes
in river systems. These descriptors were a mix of attributes, functional typologies and metrics, many of which were
quantifying similar components or processes in slightly different ways. Organising similar descriptors together created
46 descriptive groupings and 15 ungrouped individual descriptors. These 61 descriptors should be used as an initial

basis for creating attributes that describe the biophysical aspects of rivers.
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Across the eight potential attribute themes there are many descriptor groups in the terrain, substrate and hydrology
(physical) themes. In the other themes there are relatively low number of groups and these should be investigated for
additional attributes.

5. Conclusions

The review of existing biophysical classification systems shows that rivers have been classified for science and
management for at least the last 125 years. The intent, diversity and complexity of classification has increased over
time, moving from general descriptions of the landscape and channel to the measurement of many variables in the
catchment, channel, groundwater and on the floodplain. The QRCS builds on these existing schemes and creates a
framework for classifying rivers that is consistent with and adopts a shared language with the existing Queensland
attribute-based aquatic classification schemes. This standard approach to wetland classification in Queensland provides
consistency across different (but often connected) aquatic ecosystems, as well as an open-ended and flexible approach
in terms of the ability to create typologies for a range of management purposes.

While it is widely acknowledged that process-based classification of rivers enhances the understanding of fluvial systems
and their biophysical interactions, the ability of some classification approaches to adequately inform river management
and rehabilitation efforts can be hindered by a focus on largely descriptive procedures (Lave, 2012; Buffington and
Montgomery, 2013; 2022). The combination of a clear hierarchical framework and comprehensive list of attributes can
help inform on processes through the geomorphic consideration of form-process interactions. Many attributes are only
relevant when placed within a hierarchical context. However, the development of appropriate temporal qualifiers may
be needed to provide context for understanding dynamic processes, river response and future trajectories.

The reviewed classification systems created for management purposes had around 10 different types to describe the
range of complexity in river systems and these types were derived from around 12 attributes. The types appear to mainly
be based on descriptors in the theme of terrain, substrate (physical) and hydrology (physical). To make the classification
effective across a range of applications extra attributes may need to be sought that fit other themes. The hierarchy of
spatial levels may also need to be expanded to encompass all the different spatial scales operating in river systems.
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