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The geomorphic toolbox was created to provide meaningful and comparable data for 

assessing geomorphic health in a time- and cost-efficient manner, which has been 

achieved. Subject to further testing and refinement of variables to maintain relevance 

to a range of geomorphic contexts, the toolbox is considered adequate for inclusion 

into State of the Environment reporting structures for the Waikato Region.   
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Figure 2 Components and processes within a channel-floodplain ecosystem, with interactions between 

components shown as directional arrows (Davies et al., 2010) 

Contemporary fluvial literature stresses the role of the physical environment as a 

template in which the lotic system can develop and flourish (Norris & Thoms, 1999; 

Brierley et al., 2010; Wohl et al., 2019). Therefore, if the physical habitat is in poor 

condition  or not resilient , we could expect adverse effects on the biological health of 

the stream (Norris & Thoms, 1999; Fuller  et al., 2019). Elosegi and Sabater (2013) argue 

that even light hydromorphological impact can have far reaching effects on ecosystem 

function, and different variables can induce significantly diverse responses. River 

processes are also influenced by the wider catchment, such as the components of the 

riparian zone and the floodplain, which will also have an influence on the overall health 

of both physical and biological components of a waterbody (Fryirs & Brierley, 2013). 

Natural rivers can vary immensely in different landscape and climatic settings through 

variability of discharge regimes, vegetation coverage, slope and confinement, and 

sediment supply (Fryirs & Brierley, 2009). This means river naturalness can exist on a 

spectrum which reflects a continuum of environmental conditions  including physical 

(e.g. flood or drought), chemical (e.g. trace elements, isotopes) and biological (e.g. 
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Whilst geomorphic monitoring is not explicitly mandated within  the central 

government or regional authority policy, the objectives and policies of the draft NPS 

for Freshwater Management (Draft NPS-FM) and Waikato Regional Policy Statement 

allow for the incorporation of geomorphic principles into existing monitoring regimes. 

Consideration of the Waikato River Authority Vision and Strategy is also required 

within the Waikato and Wa ipa River catchments., although no specific geomorphic 

metrics are indicated within this document. The release of the Draft NPS-FM and the 

Proposed RMA Resource Management Amendment Bill 2019 signal a stronger will by 

central government to improve historically degrading water quality by strengthening 

the mandate of Te Mana o Te Wai and the health of water above all other uses or values. 

Existing struggles with Freshwater Management Units (FMUs), whereby regional 

authorities are free to choose the catchment size (and therefore monitoring 

distribution and effectiveness) are not addressed within the Draft NPS-FM and may 

provide substandard monitoring outcomes that are disparate between regions.  

2.4. Ecological and chemical indicators of river health 

The assessment of biota in addition to chemical properties of rivers are widely accepted 

as key components for determining river health (Dickens & Graham, 2002; Munyika et 

al., 2014). Typical biological indicators include macroinvertebrates, fish, and plants 

(Norris & Thoms, 1999; O'Brien et al., 2016), while chemical indicators include a range 

of natural and anthropogenically generated elements. Combining multiple parameters 

into a single index tends to provide a more holistic  description of ecological condition 

than individual parameters (O'Brien et al., 2016; Blabolil et al., 2017). Table 2 outlines 

the key indicators of river health and the assessments used to infer river health. An 

assessment of these key indicators outlines the prevalence of the use of reference sites 

by which to compare other monitoring sites.  
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2.5. Morphological indicators of river health 

Change, rather than stability is an underlying principle for river geomorphology; whilst 

rivers may trend toward equilibri um, they are better characterised as moving along an 

adjustment continuum, which is defined by the response of individual systems to 

disturbance (Fuller et al., 2019) (Figure 3). Analysis of river health must take into 

account both natural and anthropogenic changes on a variety of timescales to interpret 

environmental change and the effect on biological health (Norris & Thoms, 1999). 

Ultimately , the stream biotic composition is strongly influenced by physical habitat, 

which provides the template upon which the ecological organisation and dynamics of 

fluvial ecosystems are observed (Norris & Thoms, 1999; Dollar et al., 2007; Parsons & 

Thoms, 2007; Poole, 2010; Thoms et al., 2017). Accordingly, the physical properties of a 

given habitat within a fluvial  ecosystem will influence the type, abundance and 

distribution of  biota found within that location (Parsons & Thoms, 2007; Poole, 2010). 

This concept is outlined in Figure 4, whereby the physical characteristics of a river 

interact with ecological conditions, with the output being a functional aquatic 

ecosystem (Baron et al., 2002). Changes to catchment conditions and flow regimes can 

alter the processes within river channels and therefore also alter t he habitat available 

for organisms (Norris & Thoms, 1999). It is important to consider indicators of the 

geomorphological condition in their own right , in addition to temporal variations . It 

may be possible to have geomorphologically degraded channels with healthy biota 

present (Norris & Thoms, 1999) depending on the physical requirements of the 

ecological community located within the fluvial environment. There is also a degree of 

redundancy in natural communities (Lake et al., 2007; Elosegi & Sabater, 2013), 

meaning consideration of natural reference conditions and relevant processes are 

critical to a successful monitoring programme.  
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for the formation of other geomorphic  processes such as sediment entrainment and 

deposition and providing a minimum water depth for biota dependent on submersion.  

2.5.1.2. Spatial heterogeneity  

Heterogeneity can be represented as a function of the frequency, diversity, spatial 

arrangement, and turnover of morphological patches within a riverine landscape 

(Thoms et al., 2017). It can be used to interpret rivers as dynamic and complex systems, 

whereby heterogeneity and geomorphic units are products of geomorphic processes 

such as sediment sorting, erosion, deposition, and hydraulic variability, in addition to 

vegetation interactions with other components of the riverine system (Reid et al., 2008; 

Reid et al., 2010; Belletti et al., 2017). Spatial heterogeneity operates on multiple scales 

and directly and indirectly influences the flow of energy and community structure on 

aquatic ecosystems  (Thoms et al., 2017). Rivers and streams with more heterogenous 

stream beds, such as those containing debris dams, microform bed clusters, and those 

with longitudinal, lateral and vertical connectivity therefore also  provide a greater 

spatial diversity for habitat as well as refugia during high flows (Fuller & Death, 2017). 

Spatial heterogeneity is also a key component for the successful recovery of biota to 

disturbance (Reid et al., 2010).  

Biota, their resources, and their habitats can therefore be viewed as being distributed 

within a fluvial chan nel as a mosaic of patches (Lake, 2000; Reid et al., 2010). In 

simplistic  terms, a patch is an area of relative homogeneity that differs from its 

surroundings (Winemiller  et al., 2010), with a river network as a unique and patchy 

discontinuum from the headwaters to the mouth (Poole, 2002). Fauna is distributed 

along the river corridor in a complex and often seasonally dynamic pattern, moving 

from one patch to another based on the benefits that can be found within (Stanford et 

al., 2005).  As with ecology, spatial heterogeneity for fluvial geomorphology varies with 

spatial scale and temporal parameters (Wohl, 2016). Patches can be linked with other 

patches longitudinally, laterally, and vertically (Lake, 2000; Reid et al., 2010), while 

individual patches are also able to change position, and dimensions over time (Lake, 

2000). Patch size and shape can vary with time and season and are heavily regulated by 

disturbance (Lake, 2000), although can also change position and boundaries even 

under steady flow. Each patch is not necessarily more related to a neighbouring patch 

compared with any other patches existing within the system (Reid et al., 2010). Newson 

and Newson (2000) refer to this interaction as a channel habitat matrix, outlined in 
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Figure 7, with physical aspects of instream habitat dominating the biotic responses in 

headwater streams and downstream river segments heavily impacted by engineering 

design. Further, it is recognised that large-scale controls of rivers (i.e. flow regime) on 

smaller-scale features (i.e. individual patches) operate, resulting in the development of 

nested hierarchal models of river organisms that may operate to regulate species 

richness (Lake, 2000; Thomson et al., 2001), as shown in Figure 8.  

 

Figure 7 Instream freshwater habitat and its major influences from land use and water management (Newson & 

Newson, 2000). 
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Figure 8 Diversity relationships of fluvial channels, with key processes occurring at both the regional and local 

scale to form the specific patch mosaic pattern that can be found within a wetted channel (Lake, 2000) 
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Diversity and overall habitat heterogeneity is well linked to benthic invertebrate and 

fish biodiversity, with a clear positive relationship between invertebrate richness and 

abundance and the structural complexity of riverine environments (Garcia et al., 2012). 

Indeed, geomorphic units, including riffles, pools, bars, islands etc, in addition to 

hydraulic units such as individual boulders, sediment patches, plants or wood pieces 

constitute distinct  habitat for fluvial flora and fauna (Belletti  et al., 2017).  Thompson 

and Townsend (2005) studied 18 streams in New Zealand and infer that spatial 

heterogeneity plays a direct and indirect role of the invertebrate distribution through 

influences on algal productivity.  Górski et al. (2013) studied whether fish distributions 

could be reliably predicted based on hydrological and geomorphic variables within the 

Volga-Akhtuba floodpl ain and conclude that spatial heterogeneity results in a spatial 

gradient in the occurrence of fish. Reid et al. (2010) analysed the role of heterogeneity 

on the colonisation of habitat by macroinvertebrates within the Twin Stream 

Catchment in Auckland, New Zealand and found that habitat mosaic followed a semi-

predictable but interrupted pattern, which supports the view that river systems are a 

patch discontinuum (Benda et al., 2004).  As such, it is established that the greater the 

spatial heterogeneity of a riverine reach or network, the increased likelihood there will 

be an abundance of ecological diversity within the same area (Newson & Newson, 

2000).  

2.5.1.3. Disturbance  

Disturbance is responsible for organising stream ecology and determining the structure 

of benthic communities (Lake, 2000; Death & Collier, 2010; Elosegi et al., 2010). A 

disturbance is considered to occur when potentially damaging forces are applied to 

habitat space that is occupied by a population, community, or ecosystem (Lake, 2000). 

Thompson and Townsend (2005) found that disturbance was an important 

determinant  of species richness and is therefore necessary for the long-term 

functioning of a healthy river.  Fluvial channels generally have a stable flow for much of 

the time, termed baseflow levels. Disturbances (e.g. floods) can periodically disrupt 

stable conditions, and destroy habitat patches whilst simultaneously creating new ones 

that are then colonised and inhabited by biota upon the return of stable flow conditi ons 

(Lake, 2000; Barquin & Death, 2006). Disturbance regimes describe how rivers 

constantly adjust their morphology in response to changes to the boundary conditions 

within which they operate; change and disturbance should therefore be viewed as 
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Floods are generally pulses, particularly in constrained rivers, whether by natural valley 

walls or engineered stopbanks. During flood events, large volumes of rapidly moving 

water creates high shear forces that suspend sediment, redistribute bedform patterns, 

scour and abrade the streambed, removes plants, and can kill, main, and displace biota  

(Lake, 2000; Schwendel et al., 2011). Flooding causes a strong influence on ecosystem 

processes including nitrification and denitrificat ion or litter breakdown (Elosegi & 

Sabater, 2013), while also causing movement of coarse bed substrate which can affect 

the abundance and occurrence of periphyton, invertebrate, bryophyte and macrophyte 

communities (Schwendel et al., 2012). However, the availability of appropriate refugia, 

such as wood or pockets of lower flows will mediate the response and forms a critical 

aspect of resilience of ecosystems and communities (Lake, 2000; Lake et al., 2007). 

Floods can also accentuate downstream and lateral links with damaging consequences, 

whereas droughts fragment longitudinal, lateral, and vertical connectivit y (Lake, 2000).  

Even if floods are predictable, they are still considered a disturbance given they 

rearrange the abiotic environment of both the floodplain and the channel (Lake, 2000). 

A pulse enacts a disturbance, but after a time, geomorphic conditions will return to the 

same conditions, even if the spatial patterns have been rearranged. Presses are 

disturbances that may rise sharply and then reach a constant level of new stability, such 

as sedimentation after landslides, or construction of a dam. Ramps occur when the 

strength of a disturbance steadil y increases over time, such as droughts or the spread 

of an exotic organism (Lake, 2000).  

2.5.2. Sediment Regime 
2.5.2.1. Grain Size and sediment supply 

Many invertebrate taxa are linked to grain size (Elosegi et al., 2010) and coarse 

sediment, supplied from upstream and stored within the channel as bed material 

makes up substrate that is important  for macroinvertebrates (Florsheim et al., 2008). 

Coarse-grained substrate promotes oxygen exchange, provides space for protection 

from predators, serves as attachment sites for filter feeding invertebrates, and provides 

a food source for periphyton (Florsheim et al., 2008). Conversely, sediment oversupply, 

when compared to transport capacity, can bury or damage aquatic habitats (Florsheim 

et al., 2008; Fuller & Death, 2017). Boundary resistance to erosion has a fundamental 

influence on river process and form (Wohl  et al., 2019). As such, grain size and sediment 

supply must be viewed in a temporal context and against what may be feasibly expected 
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additional wood to the wetted channel for habitat, change the morphodynamics or 

hydrological regime of the channel over time, and open up the tree canopy to increase 

energy flow through the food web, which in turn can lead to greater production of 

invertebrates and fish (Florsheim et al., 2008). On a microscale, bank sediment can 

expose tree roots or undercut and destabilise bank vegetation, forming new refugia for 

fauna to hide from predators and assist with low velocity patches during flood events 

(Florsheim et al., 2008).  

2.5.2.3. Connectivity 

Geomorphic connectivity  is four-dimensional: longitudinal (between reaches), lateral 

(between the floodplain and river channel), vertical (to groundwater, as well as to the 

air), and temporal (Lake, 2000; Stanford et al., 2005; Poole, 2010; Corenblit et al., 2015; 

Wohl  et al., 2019), as shown in Figure 10. Healthy rivers require a high degree of 

connectivity in order to support the complex lifecycles of many organisms and 

associated ecosystem and geomorphic functioning, such as allowing the flux of water 

and sediment to occur that drives channel-forming processes (Fuller & Death, 2017). 

The water mediated transfer of matter, energy and organisms dominates fluvial 

connectivity due to the hierarchical, unidirectional structure o f fluvial systems, 

resulting in sediment and water transfers predominately flowing from headwaters to 

lowlands (Pringle, 2001; Lake et al., 2007). 
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Figure 10 Idealised view of the four dimensions of fluvial connectivity, being longitudinal, lateral, vertical, and 

temporal (Corenblit et al., 2015) 

Longitudinal connectivity controls the flux of water  and sediment along a fluvial 

catchment and is responsible for facilitating the processes for shaping channel form 

(Elosegi et al., 2010). Lateral connectivity between the channel floodplain controls 

sediment and materials being deposited on the floodplains, and the return of such 

material throu gh lateral channel migration (Elosegi et al., 2010). Vertical connectivity 

describes the hydraulic connectivity between the stream channel, groundwater, and 

hyporheic zone, althou gh can also influence the exchange of water within the water 

column (Elosegi et al., 2010). Fauna can be highly mobile and can seek refuge in discrete 

patches within high or low flow disturbances, and are able to utilise the connectivi ty 

to move between these habitats throughout their lifecycle (Death et al., 2015; Fuller & 

Death, 2017). Therefore, for many organisms the patterns and degree of connectivity 

along the patch mosaic is critical, with the loss or change of connectivity, whether 

anthropogenic or otherwise, increasing the degree of fragmentation and subsequent 
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local species extinction, biodiversity loss, and the potential weakening of processes 

such as the movement of nutrients (Lake et al., 2007; Spurgeon et al., 2018). As such, 

fragmentation and disconnectivity of fluvial processes is a leading cause of fish species 

declining globally where they are restricted in their ability to carry out essential 

lifecycle functions (Spurgeon et al., 2018). For example, in New Zealand, a number of 

indigenous fish species are diadromous (migrate between fresh and saltwater) 

(McDowall, 2001; Joy & Death, 2004), such as the New Zealand longfin eel which lives 

as an adult in the upper reaches of rivers prior to swimming out to sea, spawning and 

dying. The larval eels make their way back to New Zealand and slowly move upstream 

as they mature into adults (Fuller & Death, 2017). Severing hydrological connectivity 

through dams, perched culverts, etc can isolate upstream populations and inhibit 

lifecycle completion (Fuller & Death, 2017).  

The degree of connectivity r equired for the healthy functioning of an ecosystem is 

related to the degree of natural connectivity that could, or should be present in a fluvial 

system, given anthropogenic modifications. The severing of connectivity (or retention 

of disconnectivity already within a channel) can have benefits for threatened and 

endangered species by isolating and protecting them from harmful invasive species 

(Fuller & Death, 2017). Anthropogenic introduction of bro wn trout to New Zealand has 

severely impacted on native Galaxias species, whereby healthy populations now only 

occur where trout are excluded through the severing of hydrological connectivity (Lake 

et al., 2007; Fuller & Death, 2017). For example, Townsend and Crowl (1991) found a 

strong negative association between the distributions of introduc ed brown trout on the 

native Galaxis vulgaris. In most cases, they only found G. vulagris above waterfalls that 

were large enough to inhibit trout migration . On the other hand, artificial dams, while 

severing the connection between brown trout and Galaxis species, can restrict the 

movement of diadromous fish either toward the coast or back upstream (Jellyman & 

Harding, 2012). Consideration of the effects of restoring connectivity are necessary 

within the wider catchment context to ensure that t he benefits of connectivity are 

realised.  

2.5.3. Wood Regime 

The natural wood regime consists of wood recruitment, transport, and storage in river 

corridors (Wohl  et al., 2019) and is rapidly being recognised for its beneficial effects on 

the geomorphology and ecology of rivers. The wood regime has benefits to aquatic 
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biota and for the maintenance of physical and hydraulic habitat (Chin et al., 2008) as 

well as providing for the retention of organic carbon and leaf matter to promote 

nutrient cycling (Vannote et al., 1980). Wood can also create flood hazards throu gh 

instream accumulation, meaning that a natural wood regime may no longer be feasible 

to emulate in many catchments. Instead, a targeted wood regime can be developed for 

specific reaches and catchments, in which wood recruitment, transport and storage is 

considered in terms of both geomorphic, ecological, anthropogenic and landscape 

constraints (Wohl  et al., 2019). 

2.5.3.1. Riparian Zone 

The riparian zone and floodplain influence aquatic biota and water quality through 

organic matter inputs, shade, and nutrients to the wetted channel (Norris & Thoms, 

1999). The riparian zone refers to the transition zone between a freshwater and 

terrestrial ecosystem, whereby the unique, dynamic, and complex nature of riparian 

habitat means that it can support high levels of biodiversity (Florsheim et al., 2008; 

Bowler et al., 2012). The main functions of riparian zones with regard to their 

relationship to wetted channels include fluvial hydrology, sediment dynamics, bank 

stabilisation, shading, retention and cycling of nutrients and pollutants , provision of 

wood and leaves into the wetted channel, as well as maintenance of habitat for wildlife 

such as invertebrates, amphibians, reptiles, birds, and mammals (Lake et al., 2007; 

Florsheim et al., 2008).  Riparian zones are able to modulate the patterns of ground and 

surface water, fine sediment, organic matter, and nutrient and diaspore fluxes 

(Corenblit  et al., 2015). Further, they can modulate local microclimatic conditio ns, such 

as air and ground surface temperature and humidity, as well as light (Bowler et al., 2012; 

Corenblit  et al., 2015). Riparian zones can also be important for the input of fauna into 

fluvial channels, such as arthropods (Lake et al., 2007).  

Given the influence of riparian zones on fluvial dynamics, it can be considered, then, 

that the destruction or removal of a riparian zone can therefore result in similar drastic 

changes to the fluvial ecosystem and physical setting. Degradation of the riparian zone 

can have flow-on effects such as a loss of bank stability, leading to increased erosion 

and chemical leaching from the surrounding land, in addition to increases in water 

temperature within the channel (Bowler et al., 2012). As temperature is a known 

variable to affect fish and invertebrates, changes to the riparian zone can have a 

significant effect on the density and quality of these populations (Bowler et al., 2012).  
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The width of the riparian zone is an important variable for allowing the effective 

interception of nutrient and sediments (Lake et al., 2007).  Florsheim et al. (2008) 

reports that the density and diversity of macroinvertebrates is higher in streams with a 

wider riparian zone, with the strongest relationship between macroinvertebrate indices 

and forest cover within a 100 m wide riparian zone, which is reiterated by Norris and 

Thoms (1999). Longitudinally, Lake et al. (2007) reports that the length of  the forested 

riparian zone determines the effectiveness of stream structure and function, with 

temperature and oxygen levels able to recover in 300 m, and fauna recovering in 600 

m relative to the upstream position. Fragmentation of riparian zones, even by small 

gaps, runs the risk of impairing these functions (Lake et al., 2007).  

2.5.3.2. Instream wood 

Instream wood has a long association with fluvial processes and affects channel and 

floodplain ecological function (Wohl  et al., 2019). Historical descriptions indicate that 

orders of magnitude more wood were present in most forested river systems prior to 

widespread deforestation and wood removal from within streams (Wohl  et al., 2019), 

which have both greatly impacted on the New Zealand landscape. Wood is generally 

delivered into river channels from the riparian zone via flood induced channel erosion 

and can stimulate changes to the bed and bank morphology whilst increasing channel 

complexity such as pools (Lake et al., 2007; Florsheim et al., 2008). Table 4 outlines 

methods for recruitment, transporta tion and storage of wood within river channels.  
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since fish and macroinvertebrate taxa use wood directly as habitat, food, refuge and 

cover (Lake et al., 2007; Elosegi et al., 2010). Mobile wood can materially affect the 

floodplain and ripari an regime by mechanically damaging or removing living plants, 

thus creating new germination sites (Wohl  et al., 2019). In rivers with a fine substrate, 

wood can provide a stable substrate for organisms where there would otherwise be 

none (Florsheim et al., 2008). 

Wood has traditionally been removed from rivers under active management, likely due 

to the perceptions of negative consequences such as flooding, bank erosion, and 

damage to infrastructure (Chin et al., 2008). Removal of wood can have a negative effect 

on the dynamics of nutrients (Elosegi & Sabater, 2013), particulate organic matter 

storage and processing (Wohl  et al., 2019), riparian plant community development and 

structure, and aquatic habitat. However, flood hazards associated with wood 

accumulation within a channel comprise an unacceptable risk to humans and 

infrastructure ; careful consideration should be given to what would constitute a 

feasible wood regime in a particular river or catchment (Wohl  et al., 2019), with due 

regard given to appropriate reference conditions for the reach or catchment.  

2.6. Existing toolbox / morphological assessment approaches 

The classification of rivers has not traditionall y been well linked with that of river 

geomorphology (Norris & Thoms, 1999) and often fails to identify controls on riv er 

health at the catchment scale (Reid et al., 2008). Geomorphologists and ecologists have 

been endeavouring for decades to successfully synthesise fluvial processes into a single 

hypothesis, such as the River Continuum Concept (RCC) and Riverine Ecosystem 

Synthesis (RES), detailed in Table 5. Classificatio n and determining of fluvial 

characteristics using these overarching concepts has been attempted through several 

existing toolbox methodologies, as identified in Table 6. The River Habitat Survey 

(RHS),  River Styles©, Stream Habitat Assessment Protocol (SHAP) and Morphological 

Criteria Ind ex (MCI) are grounded within geomorphic processes and features guiding 

ecological health, while the Stream Ecological Valuation (SEV) is a New Zealand 

(specifically the Auckland Region) based toolbox used to infer ecological health 

through physical, chemical, and biological functions (Neale et al., 2017). Challenges 

arise when considering both scale and the complexity of the fluvial environment; rivers 

behave and adjust in increasingly complex ways depending on the scale being 
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 Methodological Concepts  

River Continuum Concept (RCC)  Riverine Ecosystem Synthesis (RES)  

Benefits  Emphasis on predictable and quantifiable 

change (Tornwall  et al., 2015) 

FPZs are identified using standard 

geomorphic techniques (Thorp  et al., 

2006), allowing discrete studies to be 

readily compared to other studies using 

the same techniques  

Costs Application of the RCC outside of North 

American forest-temperate streams has 

been critiqued for not being applicable, 

although modifications of the RCC in 

recent studies have provided relevance to 

other river types (Ellis & Jones, 2013). 

Does not infer, directly or indirectly, 

ecological health. Methodologies 

required to operate within RCC to 

presumably set a baseline based on RCC 

and record deviations from the RCC 

parameters 

Whilst the nature of the river and 

distributio n of FPZs are will reflect 

similar condi tions to some degree, in 

practice it is almost debilitatingly 

complex to assess the relationship. Above 

the ecoregional scale, it becomes 

increasingly difficult to predict 

distr ibution of patches along a 

longitudinal  dimension of the river 

network (Thorp  et al., 2006) 

As per the RCC, the RES does not infer, 

directly or indirectly, ecological health.   

Scope Catchment wide   Catchment wide 
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Figure 11 Schematic model of theoretical RES application using a hierarchical nested mosaic of patches (Thorp et 
al., 2006) 
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 Methodological Toolboxes  
 

River Habitat Survey 
(RHS) 

River Styl es© Framework  
Stream Ecological 
Valuati on (SEV) 

Morphological Quality 
Index (MQI)  

Stream Habitat 
Assessment Protocol  

(SHAP) 
avifauna, bats, other river 
and riparian plants and 
animals (Raven et al., 2010). 

 

and linkages through a 
nested hierarchy (Brierley 
& Fryirs, 2005).  
Provides the physical basis 
to describe and explain the 
within -catchment 
distribution of river forms 
and processes, and also 
predict likely future river 
behaviour (Fryirs, 2003; 
Brierley & Fryirs, 2005). 

ecological function can be 
achieved in another place.  
Can also be applied for 
other purposes such as 
catchment planning, state 
of the environment 
report ing (Storey et al., 
2011), identifying streams of 
high natural value, 
determining the effects of 
land-use change, and 
providing a basis for 
regional policy 
development (Neale et al., 
2017). 

continuity, channel 
pattern, cross-section 
configuration, bed 
structure and substrate, 
and vegetation in the 
riparian corridor (Rinaldi et 
al., 2013). This assessment 
is used as a measuring tool 
to help satisfy both the 
European Union Floods 
Directive and the European 
Union Water Framework 
Directive (Rinaldi  et al., 
2013). 

provide an assessment of 
the habitat available to 
stream life. However, the 
creators of SHAP 
specifically state the 
purpose and use must be 
decided by the users, 
including decisions about 
what to measure and what 
not to measure (Harding  et 
al., 2009). 

Description 
of use 

Relies on systematic 
collection of map and 
observational data (Erba et 
al., 2006)  

Channel features and 
modif ications are recorded 
at 10 equally spaced 
locations along a 500m 
length of river, which is 
coupled with an overall 
summary for the whole 
site, including information 
on valley form and land use 
in proximity  to the site 
(Raven et al., 2010) 

See Figure 12 for River 
Styles© framework steps 
used to assess and explain 
the geomorphic condition 
of rivers in a catchment 
using guiding principles 
(Fryirs, 2003). 

 

 

Consists of the 14 most 
important ecological 
functions, which are 
measured in situ by 
suitably qualified 
ecologists. These include 
the natural flow regime, 
floodplain effectiveness, 
connectivity, natur al 
connectivity to 
groundwater, as well as 
biogeochemical functions, 
and habitat and 
biodiversity functions 
Variables are given a value, 
which are then weighted 

Subdivision of river 
network into homogenous 
reaches based on existing 
information (i.e. current 
state with no allusion to 
reference conditions) with 
basic investigation of 
geology, geomorphology, 
climate and land use. 
Segments are then 
identified for confinement 
and then for their 
morphological typology 
before being further 
divided into reaches 
(Rinaldi  et al., 2013).  

Desktop assessment 
followed by the use of one 
of three specified protocol 
depending on the use of 
the assessment.  
 
Protocol 1 is designed to 
be an estimate of 
parameters such as wetted 
channel width, vegetated 
bank width and stability, 
channel shape, bed 
stability, shading, 
anthropogenic influences, 
and abundance of moss, 
wood, leaves and other 
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 Methodological Toolboxes  
 

River Habitat Survey 
(RHS) 

River Styl es© Framework  
Stream Ecological 
Valuati on (SEV) 

Morphological Quality 
Index (MQI)  

Stream Habitat 
Assessment Protocol  

(SHAP) 
according to each variables 
contribution to the 
ecological health 

Each reach is then assessed 
against indicators of 
geomorphic functionality 
followed by indicators of 
artificiality and channel 
adjustments (Rinaldi  et al., 
2013). 
Each reach is then 
provided with a score 
based on expert judgment 
for each of the thr ee sets of 
indicators to provide a total 
combined score for each 
reach.  

vegetation within the 
stream.  

Protocol 2 is designed as a 
semi-quantitative 
assessment of a site, and 
includes both rigorous 
assessment and visual 
estimates (Harding  et al., 
2009). Increased 
measurement rigor for each 
of the Protocol 1 factors, as 
well as cross-sections of the 
channel, water depth and 
velocity, substrate size, 
embeddedness, and 
instream and riparian 
vegetative cover. 

Protocol 3 all measured 
factors from Protocol 2 but 
requires additional 
comprehensive metrics for 
each.  

Benefits  Simple, cost-effective, 
objective, and practical 
(Raven et al., 2000; Raven 
et al., 2010) 

Alternative to schemes that 
rely heavily on 
quantification and scores, 
without a fundamental 
appreciation for the 
underlying river behaviour, 
capacity of the river for 

Simple, cost effective, 
standardised measure of 
the ecological functions of 
a stream reach (Neale et al., 
2017) 

Detailed and specific for 
each river reach, although 
expected to be able to be 
undertaken by those with a 
reasonable level of 
experience with 
geomorphology rather than 

Adaptable to the objectives 
and outcomes for doing the 
assessment; practitioners 
can select the most 
appropriate protocol for 
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 Methodological Toolboxes  
 

River Habitat Survey 
(RHS) 

River Styl es© Framework  
Stream Ecological 
Valuati on (SEV) 

Morphological Quality 
Index (MQI)  

Stream Habitat 
Assessment Protocol  

(SHAP) 
adjustment, and a 
geomorphological context 
(Fryirs, 2003). Views rivers 
in the context of what is 
appropriate or natural for 
that particu lar setting.  

the exclusive domain of 
experts (Rinaldi  et al., 
2013).  

Provides a rational 
framework that is useful for 
supporting analyses of 
interventions and impacts 
to prioritise management 
strategies (Rinaldi  et al., 
2013) 

their aims (Harding  et al., 
2009). 

Can be scaled up and down 
according to the expected 
use of the assessment  

Costs Requires existing reference 
stream database from 
which to compare.  

Variables are based on 
United Kingdom 
geomorphic conditions and 
must be assessed and 
adapted for relevance and 
influence of controlling 
factors prior to being 
implemented elsewhere 
(time and expense) 

Sections of river viewed in 
statistic isolation without 
reference to spatial or 
temporal context (Belletti  
et al., 2017) 

Levels of subjectivity built  
into River Styles, and the 
accuracy of results depends 
on the skills of the person 
applying it (Fryirs, 2003). 

SEV is predominantly an 
ecological toolbox with 
reduced focus on the 
geomorphic functions and 
principles (Storey et al., 
2011) 

Applicability i s contestable 
outside of the Auckland 
Region and requires 
additional reference 
conditions (Storey et al., 
2011).   
Also untested in streams 
and rivers of fourth order 
or larger (Storey et al., 
2011).  
Streams and rivers with 
highly mobile gravel or 
cobble beds cannot be 

Some indicators extremely 
simplified based on target 
end users, resulting in 
compromises between 
scientific rigor and 
practical applicability as 
well as a large  number of 
reaches required to be 
assessed in a short time. 
(Rinaldi  et al., 2013).  

Indicators are processes 
based on static visual 
assessment (Rinaldi  et al., 
2013).  

Large number of indicators 
and long duration for 
undertaking assessment, as 
well as operator bias.  

Applies only to wadable 
stream and do not apply to 
larger rivers  (Harding  et 
al., 2009). 

Potential for inconsistent 
use of the different 
Protocols, reducing 
meaningful temporal 
assessment.  

Adaptation to stream type 
is not provided for; all 
variables are within the 
Protocol regardless of 
stream location within a 
catchment, geology, and 
climate.   
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Figure 12 River Styles© Framework steps used to assess and explain the geomorphic condition of rivers in a 
catchment using guiding principles (Fryirs, 2003) 

2.6.1. Methodological characteristics of the toolboxes 

The five existing toolboxes share common methods and measures of specific features 

to infer ecological health. All methodologies state the necessity for the assessment to 

be undertaken by a suitably qualified and experience practitioner (Fryirs, 2003; Harding  

et al., 2009; Raven et al., 2010; Storey et al., 2011; Rinaldi et al., 2013)  Notably, all of the 

toolboxes incorporate a mixture of field data and desktop derived data to synthesise 

and assess the range of features relevant to the methodology. Unlike RHS, SHAP and 

SEV methodologies, the River Styles© Framework requires the initial  desktop data to 

be undertaken prior to any field work (apriori ) to frame the reach characteristics in 
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instance, whilst the Manawatu River yields around 3.8 Mt / year, which is similar to the 

Waiho River in Westland (3.4 Mt / year), the processes resulting in each sediment yield 

are completely different, with the latter glacierised and draining some of the highest 

relief in New Zealand (Tadaki et al., 2014). The River Styles© Framework provides an 

alternative monitoring regime to the standardised checklist by requiring each river 

reach to be considered within the parameters of its propensity for adjustment (Brierley 

& Fryirs, 2005), although results in large quantities of data that are framed subjectively 

and not always directly comparable to other river types. Nevertheless, the use of unique 

reference conditions for each reach rather than against a standardised list of features 

provides for greater representation of the characteristics present.  

2.8. Principles of a Waikato-centric toolbox assessment 

Any toolbox created for the geomorphic assessment of stream health must be based on 

measurable geomorphic processes, whilst considering the limitations of any 

simplification of inherently complex and interlinked environments. It must also be abl e 

to be replicated by both a range of practitioners and within different catchments in 

order to provide meaningful and consistent results that can inform temporal trends 

and subsequent river management. Meaningful monitoring of river condition is 

inherentl y place-based (Tadaki et al., 2014), and therefore simply standardising 

biophysical measures will not provide insight into the significance of the variables 

across reaches and catchments. This is further complicated as rivers adjust naturally 

over time, and therefore consideration of geomorphic condition mu st also be based on 

understanding the natural range of adjustment for that specific reach or catchment 

(Reid et al., 2008). As such, any analysis must be framed in relation to what could be 

feasibly expected for any given river type. Any assessment for habitat needs to be both 

ecologically and geomorphologically meaningful to allow relevant scales and variables 

to be placed within context of the reach and parameters of the overall monitoring 

(Belletti  et al., 2017). Finally, consideration of the end use of the monitoring data 

collected and for what purpose (such as policy formulation) is also necessary to frame 

what is assessed (Brierley et al., 2010). 

With regard to these guiding principles as identified in the literature, the following 

considerations and parameters were selected to formulate the geomorphic toolbox 

methodology: 
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2.9. Conclusion  

Geomorphic processes and features are relevant benchmarks and indicators of other 

ongoing processes within a fluvial system such as biological health and habitat 

distribution. Given geomorphology forms the template upon which other processes 

can occur, an understanding of the normal distribution and disseminating forces 

behind geomorphic processes and features can contribute to a toolbox for 

understanding ecological health. As with ecological and chemical indicators, 

geomorphic indicators represent a proxy of ecological health and are best suited to 

contribute to a suite of measures rather than used exclusively. Caution is also needed 

when applying geomorphic indicators, which are by design a simplification of the 

complex, interlinked natural environment so that what is being measured remains 

relevant and representative of the processes. It is evident that reference conditions are 

utilised through a range of ecological measures as well as for understanding individual 

geomorphic features or processes. It is desirable to assess ecological health on a 

catchment scale with monitoring undertaken at th e reach scale. However, there are 

significant constraints with undertaking catchment level monitoring, including a lack 

of funding, poli tical will, and a necessity for a large reference database. Finally, it is 

integral to ensure that the geomorphic toolbox is fit for purpose, such as monitoring 

or restoration. A set of principles were formulated to frame the toolbox methodology 

for geomorphic assessment for the Waikato  Region, which draws together the key 

morphological indicators of river health, while ent renching reference conditions as key 

to ensuring the relevant considerations for individual reaches is not lost within a 

blanket quantit ative checklist.  
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Table 7 Selected sites for testing the geomorphic toolbox 

WRC Reference Stream Name  Reference Site / 
Non reference 
site  

Downstream 
boundary coordinates  

11726_11 Upper Wainui Stream Reference E 1760523, N 5811768 

1172_6 Wainui Stream (Raglan) Reference E 1762004, N 5813104 

2079_1 3rd Order Stony Stream  Reference E 1815954, N 5956604 

2080_1 2nd Order Stony Stream Reference E 1815800, N 5956700 

1262_18 Waiwhero Stream Non-reference E 1836904, N 5836119 

1307_18 Whangarahi Stream Non-reference E 1822913, N 5929144 

 

 

 

Figure 13 Site locations. a: North Island of New Zealand locating the Waikato Region; b: Identification of the local 
areas with selected sites (map courtesy of topomap.co.nz) 
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3.2. Fieldwork 

While the specific characteristics of a reach determined the best approach for assessing 

the geomorphological features of the area, many of the techniques used were able to 

be deployed at all sites, with some variation to suit as required. Not all techniques were 

deployed at all sites, and adaptation was required at others, such as the measurement 

of clasts. This section details the generic methodology used to assess geomorphology 

at each of the six selected sites (Table 7), as well outlining the methodology variations 

adapted to the sites. The data sheets created for the purpose of this assessment are 

located in Appendix A of this report. Multiple p hotographs were taken within each 

segment of each reach to document the observed features. Table 9 summarises the 

methodology used at each of the sites. Additionally, a video walkthrough of each 

segment was undertaken to provide a reference during analysis, which is located within 

a Google Drive set up for the purpose of storing these walkthroughs (refer Section 4.1 

for links to individual sites ).  

3.2.1. Site identification 

Downstream coordinates and descriptions of all sites were provided by WRC (i.e. 

Figure 15). These coordinates were loaded into a free offline app Topomaps NZ on an 

Android device and the GPS function of the device used to locate the general area of 

the downstream coordinates (i.e. Figure 16). 

 

Figure 15 Information sheet provided by WRC to assist with determining the downstream coordinate location for 
the Wainui Stream reach (reference 1172_6) 
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Figure 16 Use of handheld GPS to locate downstream coordinates for the (a) Wainui Stream reach (reference 
1172_6) and (b) Upper Wainui Road reach (reference 11176_11).  

Two people were used to assess the reaches. Small handheld Markers, numbered 1-13 

were used as visual aids for demarcating the reach into 25 m segments. Marker 4 was 

placed on each side of the stream bank to demarcate the downstream boundary as 

specified by WRC. The tape measure was then used to measure 25 m reaches 

downstream of the downstream boundary along the true right bank, with markers 

placed at each 25 m mark (for a total length of 75 m downstream of the downstream 

boundary). This boundary is referred to as the extreme downstream boundary and is 

referenced as Marker 1. Figure 17 exemplifies a Marker in its true left bank location, 

which is visible to those upstream. The true right Marker faces downstream, so that 

assessors can determine the boundary of the segment being measured from both 

directions. 
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Figure 18 Diagrammatic representation of the monitoring reaches. The 150 m monitoring reach is specified by the 
WRC monitoring regime (green, between Markers 4 and 10), with an additional 75 m both upstream and 
downstream of the 150 m reach to create a 300 m monitoring reach as well (red, between Markers 1 and 13).  

3.2.2. Flow 

Flow of the reach was measured using a Valeport Model 801 EM flow meter at four 

locations: Markers 1 (extreme downstream boundary), 4 (downstream boundary), 10 

(upstream boundary), and 13 (extreme upstream boundary). Flow was measured at 60% 
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person was responsible for selecting a particle from the streambed or bar, measuring 

the b-axis with the callipers, and the other for recording the particle size.  

 

Figure 20 Example of measuring particle size along a transect within the 3rd Order Stony Stream (reference 
2079_1). A tape measure was laid out for 30 m and the particle exactly below each metre mark was measured 
along its b-axis and recorded. 

A qualitative assessment of particle size and type was also undertaken for each 

segment. Starting from the extreme downstream position, each 25 m segment was 

assessed for the predominant particle size, shape, and variety. Consideration was given 

to the range, armour layer, consolidation and sorting, as well as whether a silty or sandy 

layer was overlaying the armour layer.   

Given the lowland location of Monitoring Site  1262_18 Waiwhero Stream, clasts were 

not expected to be found and there was an expectation that fine silts and clays would 

make up the predominant soil and rock types. As such, sediments were obtained from 
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the middle of the channel at Markers 1, 4, 10, and 13 and visually inspected for an 

estimation of particle type and makeup, as shown by Figure 21. During the sweeps of 

the channel for assessing other factors, an inspection was made within each segment 

for any larger clasts, such as pebbles or cobbles within the channel bed or the banks. 

 

Figure 21 surface bed material obtained from the middle of the channel at Marker 4 within the Waiwhero Stream 
and assessed for particle type and size. The same process was used to assess the bed material at additional 
Markers 1, 10, and 13.  

To provide additional comparison to other reaches, a video walkthrough of each of the 

12 segments was undertaken. A post-field qualitative assessment was undertaken from 

these videos, with each segment assessment for the predominant particle size, shape, 

and variety. Consideration was also given to significant deviations from the visually 

observed average, such as large boulders, or sand bars as well as whether a silt or sand 

layer was present over the armour layer. Caution is required for use of these results 

compared to in-field results; the camera is unable to see through water, thus obscuring 

a portion of the clasts that are important to the assessment.  
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3.2.4. Riparian Zone 

Starting from the extreme upstream position (Marker 13), each 25 m segment is 

assessed with regard to the riparian zone. For each segment, the assessor qualitatively 

assessed and recorded the vegetation density and species (indigenous versus non-

indigenous) on both banks of the wetted channel. At the midpoint of each segment, 

the width of the vegetated riparian zone extending perpendicular to the bank was 

measured using a tape measure, with the exception of segments where the riparian 

zone exceeded a visual estimate of 30 m. Where the riparian zone exceeded 30 m, an 

estimate of the width was recorded and then checked against aerial imaging of the site 

at a later date. Gaps or an absence of riparian planting (such as Figure 22) were recorded 

as 0 m, and their length along the stream bank also measured.  

 

Figure 22 Example of a gap within the riparian zone, near Marker 10 for Wainui Stream (reference 1172_6) 

3.2.5. Bank Erosion  

Starting from the extr eme upstream position (Marker 13), each 25 m segment down to 

the extreme downstream position (Marker 1) was assessed with regard to bank erosion. 

For each segment, the assessor qualitatively assessed and recorded visual bank erosion 

for both sides of the wetted channel, including the potential for erosion to occur.  The 

presence of bank erosion was recorded with reference to type, such as undercutting 
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Visible Units and Sub-units were identified  and recorded for each segment within the 

wetted channel and the banks, although no assessment of the floodplain or valley floor 

was recorded. A video recording of each segment focusing on geomorphic units was 

undertaken for referral subsequent to the field. 

3.2.8. Fieldwork summary 

The techniques used at each site are summarised in Table 9.  
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Table 9 Summary of geomorphic assessment techniques used at each of the identified monitoring sites 

 11726_11 Upper 
Wainui Stream  

1172_6 Wainui 
Stream 

2080_1 2nd  Order 
Stony Stream  

2079_1 3rd Order 
Stony Stream  

1307_18 
Whangarahi 
Stream  

1262_18 Waiwhero Stream  

Assessment Date 
and weather 
conditions  

15th March 2020 
Fair, with no 
rainfall in the 
preceding days, or 
on the day of 
assessment 

14th March 2020 
Fair, with no 
rainfall in the 
preceding days, or 
on the day of 
assessment 

21st March 2020 
Fair, with no 
rainfall in the 
preceding days, or 
on the day of 
assessment 

21st March 2020 
Fair, with no 
rainfall in the 
preceding days, or 
on the day of 
assessment 

22nd March 2020 
Fair, with no 
rainfall in  the 
preceding days, or 
on the day of 
assessment 

20th March 2020 

Fair, with no rainfall in the 
preceding days, or on the day of 
assessment 

Site Identification  Downstream Coordinates provided by WRC and loaded into TopoMaps NZ on an Android device. The GPS function of the device was used 
to locate the general area of the downstream coordinates and cross-referenced against photographs provided by WRC for assurance of the 
site location 

Number of 
assessors 

2; one assessor and one field assistant 

Site Demarca tion  150 m and 300 m reach, measured in 25 m increments along true right bank, with markers on each bank at each 25 m mark 
After -the -fact 
evidence  

Video walkthrough recording of each segment for each of the Monitoring sites for further referral subsequent to the fieldwork  

Flow  Valeport Model 801 EM flow meter at four locations: Marker 1 (extreme downstream boundary), Marker 4 (downstream boundary), Marker 
10 (upstream boundary), and Marker 13 (extreme upstream boundary) 

Particle Size  25 clasts in two locations (for a total of 
50 clasts) within Segments 1-2, 5-6, 8-
9, and 10-11 measured along their a-, b-
, and c- axis and their roundness 
observed and recorded.  

Pebble count along 30 m transect with Segments 1-2, 5-6, 8-
9, and 10-11. Particles are selected at exactly 1m intervals and 
b-axis recorded using callipers. Qualitative assessment of 
particle size undertaken for each segment for predominant 
particle size, shape and variety. Consideration given to the 
range, armour layer, consolidation and sorting, as well as 
whether a silty or sandy layer was overlaying the armour. 

Sediments obtained at Markers 1,4, 
10, and 13 and visually inspected for 
an estimated of particle type and 
makeup. Inspection of each 
segment for any larger clasts such 
as pebbles or cobbles within the 
channel bed or the banks.  

Riparian Zone Starting from the extreme upstream position (Marker 13), each 25 m segment is assessed with regard to the riparian zone. For each segment, 
the assessor qualitatively assessed and recorded the vegetation density and species (indigenous versus non-indigenous) on both banks of the 
wetted channel. At the midpoint of each segment, the width of the vegetated riparian zone extending perpendicular to the bank was measured 
using a tape measure, with the exception of segments where the riparian zone exceeded a visual estimate of 30 m. Where the riparian zone 
exceeded 30 m, an estimate of the width was recorded and then checked against aerial imaging of the site at a later date. Gaps or an absence 
of riparian planting were recorded as 0 m, and their length also measured.  
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 11726_11 Upper 
Wainui Stream  

1172_6 Wainui 
Stream 

2080_1 2nd  Order 
Stony Stream  

2079_1 3rd Order 
Stony Stream  

1307_18 
Whangarahi 
Stream  

1262_18 Waiwhero Stream  

Bank Erosion  Each 25 m segment assessed qualitatively, and visual bank erosion recorded for each bank for both sides of the wetted channel, including the 
potential for erosion to occur. Type of bank erosion was recorded to type, such as undercutting, slumping and potential immediate causes 
such as location on the outside of a bend, location of wood in the stream, or vegetation variation on the bank 

Wood  Each 25 m segment assessed for the quantity and quality of wood observed. Includes gauge on 
quanti ty, size, location (such as near the bank, within a pool, or fallen branches or trees connected to 
vegetative material on the banks), and whether the woody pieces were discrete or within 
conglomerates such as wood rafts. Additional observations of wood located on the banks of the wetted 
channel assessed for their potential as sources of future woody pieces for the wetted channel.  

Woody pieces not expected in 
large quantities due to 
identification of significant 
clearance of the upstream and 
adjacent catchment through aerial 
photograph observation. Visual 
inspection made within each 
segment for wood within the 
channel, along the banks, and 
further within the floodplain for 
potential future sources of wood.  

Geomorphic Units  Each 25 m segment assessed for predominant geomorphic unit at the Unit and Sub -Unit scale as specified within the GUS classification 
system designed by (Belletti  et al., 2015). Visible Units and Sub-units identified and recorded for each segment within the wetted channel 
and banks. No assessment of floodplain or valley floor 
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Figure 23 Wainui Stream catchment and Upper Wainui stream Monitoring Site (11726_11). Sourced from the 
LINZ Data Service and licenced for reuse under the CC BY 4.0 licence. Aerial and elevation data sourced from the 
LINZ Data Service and licenced by Waikato Regional Council, for re-use under the Creative Commons Attribution 
4.0 International Licence. Inset: representative geomorphology of Monitoring Site 11726_11 
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 Reference Conditions  150 m reach 300 m reach 

lateral bars on the inside of bends. Confined 
valley channel meaning erosion should be 
similar on both banks (exempting bends); 
there should be no evidence of river migrating 
significantly in either direction and should be 
evidently a single thread channel.  

a significantly greater rate in any one location 
compared to any others.  

Channel is single thread.  

greater rate in any one location compared to 
any others. 

Channel is single thread.  

Grain Size  

A range of grain size, from large boulders 
through to sand granules. Predominant grain 
size should be pebbles and cobbles; around 50 
mm in size. Sorting not expected. Reasonably 
proportion of angu larity can be expected due 
to proximity to headwaters.  

Larger boulders (greater than 1000 mm) can be 
expected, but not common. 

b-axis average of 57 mm.  

Visual observation of cobble sized particles 
dominating bars above the water line, 
interspersed with smaller pebbles. Sorting not 
observed and predominantly rounded, with 
some angularity.  

A few larger boulders (500 mm estimate) 
dispersed within segments and two segments 
sporting boulders greater than 1000 mm 

b-axis average of 56 mm. 

Visual observation of cobble sized particles 
dominating bars above the water line, 
interspersed with smaller pebbles. Sorting not 
observed and predominantly rounded, with 
some angularity.  

A few larger boulders (500 mm estimate) 
dispersed within segments and three segments 
sporting boulders greater than 1000 mm 

Wood  

Ample wood pieces within channel forming 
wood rafts and log jams. Areas of clear water 
without wood as well. Wood of some size 
should be found within every 25 m segment; 
evidence of more than one log jam or wood 
raft. 

Wood raft / log jam expected to be 
predominantly one or two tree trunks with 
other wood pieces backing in around rather 
than large quantiti es of trunks in one location. 
Abundant leaf litter.  

Fallen trees near channel as future sources of 
in-channel wood as well as numerous standing 
live trees near banks.  

Wood pieces in all segments, including debris 
rafts in multiple locations Figure 30), large 
bushy manuka branches, and wood pieces 
collecting around a fallen tree in multiple 
locations.  

Dead trees falling into the river (Segment 8-9), 
as well as many live trees and branches 
overhanging the channel from the bank 
(Segments 5-6 and 6-7).  

Abundant wood both dead and alive present 
on the both banks in proximity to the channel.  

Wood pieces in all segments, including debris 
rafts in multiple locations, large bushy manuka 
branches, and wood pieces collecting around a 
fallen tree in multiple lo cations.  

Dead trees falling into the river (Segment 8-9), 
as well as many live trees and branches 
overhanging the channel from the bank 
(Segments 2-3, 5-6, 6-7, 10-11, 11-12, 12-13).  

Abundant wood both dead and alive present 
on the both banks in proximit y to the channel. 
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Figure 26 Incomplete Riparian Zone located in 
Segment 6-7 of Monitoring Site 1126_11; singular 
trees forming incomplete canopy adjacent to 
riverbank, with grass pasture located immediately 
after. 

 

Figure 27 Incomplete Riparian Zone located in 
Segment 12-13 of Monitoring Site 1126_11; singular 
trees forming incomplete canopy adjacent to 
riverbank, with grass pasture located immediately 
after.  

 

Figure 28 Evidential bank erosion within Segment 8-9 
of Monitoring Site 1126_11, which extends uniformly 
along the true right bank for much of this segment. 
Note the lateral bar (armouring on the true left) 

 

Figure 29 Evidential bank erosion within Segment 3-4 
of Monitoring Site 1126_11 on the true right bank. 
Note bedrock present at the water line within the 
channel along the bank.  

 

Figure 30 Wood raft within Segment 4-5 exhibiting a 
range of wood pieces of varying diameters.  

 

Figure 31 Example of diverse and numerous 
geomorphic units present within Segment 7-8 of 
Monitoring Site 1126_11, including pools and riffles, 
larger individual boulders, a lateral bar on the true 
right, and variable bank heights and degrees of 
incision.  
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Figure 32 Wainui Stream catchment and Wainui stream Monitoring Site (1172_6). Sourced from the LINZ Data 
Service and licenced for reuse under the CC BY 4.0 licence. Aerial and elevation data sourced from the LINZ Data 
Service and licenced by Waikato Regional Council, for re-use under the Creative Commons Attribution 4.0 
International Licence. Inset: representative geomorphology of Monitoring Site 1172_6 
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 Reference Conditions  150 m reach 300 m reach  

Connectivity  Unimpeded connectivity for entire length of 
reach.  

Unimpeded connectivity to upstr eam and 
downstream reaches.  

Unimpeded connectivity along length of 
entire stream from source to sink. Waterfalls 
could be expected, but unlikely.  

Connectivity unimpeded for enti re length of 
reach. Reach is connected to both upstream 
and downstream reaches.  

 Presumed unimpeded connectivity along 
entire length of Wainui Stream, with passage 
under Wainui Road by way of a culvert with 
fish passage provisions 

Connectivity unimp eded for entire length of 
reach. Reach is connected to both upstream 
and downstream reaches.  

Presumed unimpeded connectivity along 
entire length of Wainui Stream, with passage 
under Wainui Road by way of a culvert with 
fish passage provisions 

Spatial 
Heterogen eity  

Large number of geomorphic units expected 
within each 25 m segment and across reach 
overall. There should be a consistent 
abundance of units, i.e. there should be no 25 
m segment that is uniform with only one or 
two identifiable geomorphic units.  

Expected units to include lateral bars, mid-
channel bars, large individual boulders by 
bank and within  wetted channel, pool and 
riffle sequences, steps, cobble or pebble 
patches. Evidence of heterogeneity as a result 
of other factors, such as scour holes on bank 
from erosion 

Diverse and abundance of geomorphic units 
within each segment including pools and riffle 
sequences in every segment (Figure 41). Pools 
are observably more dominant than riffle and 
span a greater width and length within 
segments (i.e. Segment 4-5, 5-6). 

Deeper pools on the outside of bends 
complemented with point bars on the inside 
of bends. 

Lateral bars present in many locations and 
range in size from armouring to large bars 
proportionate to channel size (15 m x 2m 
lateral bar within Segment 6-7) and 
influencing channel flow to opposite bank.  
Lateral bars often alternate on bank side, with 
erosion of the banks following the inverse 
pattern. Variable bank height.  

Some individual boulders located within 
wetted channel. Scour holes and bank erosion 

Diverse and abundance of geomorphic units 
within each segment including pools and riffle 
sequences in every segment (Figures 41 and 
42). Pools are observably more dominant than 
riffle and span a greater width and length 
within segments (i.e. Segment 4-5, 5-6). 

Deeper pools on the outside of bends 
complemented with point bars on the inside 
of bends. 

Lateral bars present in many locations and 
range in size from armouring (Segment 3-4) to 
large bars proportionate to channel size (15 m 
x 2m lateral bar within Segment 6-7) and 
influencing channel flow to opposite bank. 
Lateral bars often alternate on bank side, with 
erosion of the banks following the inverse 
pattern.  

Variable bank height, particularly around 
bends, where the outside bank is higher (i.e. 
Segment 10-11).  
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 Reference Conditions  150 m reach 300 m reach  

from channel flow and materials being caught 
evident (i.e. Segment 7-8).  

Non-uniform; units are consistently diverse 
between segments with more temporary 
features likely causing influence such as dead 
wood and bank cohesion by way of vegetation 
and alluvial composition.  

 

Some individual boulders located within 
wetted channel. Scour holes and bank erosion 
from channel flow and materials being caught 
evident (i .e. Segment 7-8).  

 Non-uniform; units are consistently diverse 
between segments with more temporary 
features likely causing influence such as dead 
wood and bank cohesion by way of vegetation 
and alluvial composition. Variable bank 
heights. 
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Figure 33 Example of riparian coverage variability 
located at Segment 8-9 of Monitoring Site 1172_6. 
True left bank had greater vegetation coverage than 
the true right (right hand side of photo). Grassed 
recreational areas were common adjacent to this 
reach.  

 

 

Figure 34 True right bank located at Segment 12-13 
at Monitoring Site 1172_6. Vegetation is sparse and 
gives way immediately to a grassed recreation area 
on the right. No discernible understory and trees are 
widely spaced.  

 

Figure 35 Example of undercutting with Segment 3-4 
of Monitoring Site 1172_6, which was observed in 
numerous locations within the reach. Undercutting 
was interspersed with slumping, and lengths of 
reasonable stability  

 

Figure 36 True right bank within Segment 10-11 of 
Monitoring Site 1172_6 portraying erosion potential 
of the outside bank. There is a sealed walking path 
adjacent to the channel which may exert influence 
on future erosional processes.  
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Figure 37 Typical particle size on a bar within 
segment 7-8 at Monitoring Site 1172_6.   

 Figure 38 Example of particle size variations within 
Segment 11-12 at Monitoring Site 1172_11. 
Individual boulders were rare in this reach, with 
clasts predominantly pebbles and cobbles. 

 

 

Figure 39 Segment 7-8 of Monitoring Site 1172_6 
showing area with minimal wood pieces within 
channel 

 

Figure 40 Wood raft located in Segment 9-10 of 
Monitoring Site 1172_6 comprising a range of wood 
piece sizes and located downstream of a large bend 
in the channel.  
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Figure 41 Representative view of Monitoring Site 
1172_6 (Segment 7-8) showing predominance of 
pool, interspersed with riffle sequences and flow 
interruptions by way of clasts, a minor bar formation 
on the true left and evidence of armouring of the 
bank on the true right. Note some vegetation 
overhanging stream, and bank erosion is evident.  

 

Figure 42 Representative view of Monitoring Site 
1172_6 (Segment 2-3) showing diversity of 
geomorphic units, including pools and riffles, lateral 
bar, and concave erosion on the outside bend of the 
channel. Note evident gap in riparian zone. 
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4.1.3. 2080_1 2nd Order Stony Stream 

Downstream 
coordinates  

E1815800 N5956700 

Stream Or der  2nd  
Valley setting  Confined 
Landscape Position  Source 
Date of survey  21st March 2020 
Duration of survey  3.5 hrs  

The Stony Stream catchment comprises numerous tributaries beginning at 770 m ASL. 
The monitored Stony Catchments are derived from the northern branch of tributaries  
(Figure 43). Monitoring site 2080_1 is located on a 2nd Order Stream that is just over 1 
km in length upstream of the monit oring site. This tributary reaches an elevation of 
300 m ASL. It is classified by Waikato Regional Council as Natural State and Indigenous 
Fish Habitat Class. The monitored reach is some 1.8 km from the mouth discharging 
into Stony Bay and sits around 80 m ASL. 

Upstream of the monitoring sit e the Stony Stream tributary descends rapidly, dropping 
from 300 m to 100 m ASL over 1 km. This descent is through very steep and 
mountainous terrain covered by indigenous vegetation that covers the entire 
catchment. Below the monitoring site, the tributar y merges with a 3rd Order stream 
tributary and descends further toward Stony Bay, passing through pasture used for 
sheep and finally through a campground before discharging into Stony Bay.  
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Figure 43 Stony Bay catchment and location of 2nd Order Monitoring Site (2080_1). Sourced from the LINZ Data Service and licenced for reuse under the CC BY 4.0 licence. Aerial and 
elevation data sourced from the LINZ Data Service and licenced by Waikato Regional Council, for re-use under the Creative Commons Attribution 4.0 International Licence. Inset: 
representative geomorphology of Monitoring Site 2080_1 
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