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1. INTRODUCTION 

1.1 My full name is Russell George Death. 

 

1.2 I am a Professor in Freshwater Ecology in the Institute of Agriculture and 

Environment – Ecology at Massey University where I have been employed since 

1993. Prior to that I received a Doctor of Philosophy in Zoology from the University 

of Canterbury (1991) and was a Foundation for Research, Science and Technology 

postdoctoral fellow at Massey University (1991-93). 

 

1.3 I have been a Quinney Visiting Fellow at Utah State University, USA and an 

International Distinguished Visiting Fellow at the Institute of Advanced Studies at 

the University of Birmingham, UK. I am a member of the Ecological Society of 

America, British Ecological Society, the New Zealand Freshwater Sciences Society 

and the Society for Freshwater Science. I have refereed scientific manuscripts for 

30 scientific journals and several books. I am on the editorial board of the 

international journal Freshwater Science. I have been commissioned by a number 

of governmental and commercial organisations to provide scientific advice on 

matters related to the management of freshwater resources. 

 

1.4 I have had twenty five years’ experience in professional ecology research, teaching 

and management. My area of expertise is the ecology of stream invertebrates and 

fish. I have 102 peer-reviewed publications in international scientific journals and 

books, including 6 invited reviews. I have written more than 45 consultancy reports 

and given over 80 conference presentations. I have been the principal supervisor 

for 42 post-graduate research students. I have been researching the invertebrates, 

periphyton and fish of the lower North Island streams and rivers for the past twenty 

years. 

 

1.5 I have visited and sampled many of the streams and rivers in the Wellington 

Region. I have also read the Section 32 report: Natural Heritage and the Section 

42A Officers report Natural Form and Function by Ms Yvonne Legarth. 

 

1.6 I have read and am familiar with the Code of Conduct for Expert Witnesses in the 

Environment Court Practice Note 2014.  I agree to comply with that Code.  Other 

than where I state that I am relying on the advice of another person, this evidence 

is within my area of expertise.  I have not omitted to consider material facts known 

to me that might alter or detract from the opinions that I express. 
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2 SCOPE OF EVIDENCE 

My evidence will cover: 

a) The importance of habitat to healthy ecological river ecosystems, and  

b) How habitat can be assessed to ensure no excessive adverse effects on ecological 

life occur. 

 

 

3 EXECUTIVE SUMMARY 

3.1 To be healthy biological communities in streams and rivers require not only a 

suitable volume and quality of water but habitat for those organisms to live in. This 

is often forgotten in river management even though there is a considerable body of 

evidence that the ecological health and sustainability of freshwater ecosystems is 

dependent on the appropriate levels of habitat quality. 

 

3.2 Habitat for healthy ecological communities includes the shape, width and depth of 

the river channel, the diversity of substrate, mean substrate size, percentage of 

deposited sediment, number and size of pools, riffles and runs, amount of wood 

and overhanging vegetation among other things. 

 

3.3 Instream river works, such as flood control, agricultural intensification and 

urbanisation can result in decreases of the available habitat and/or its quality for 

aquatic plants and animals. 

 

3.4 The degree of habitat change from a ‘natural’ condition can be assessed using the 

Habitat Quality Index (oHQI). The oHQI is an easy and effective tool for assessing 

habitat condition in State of the Environment monitoring and assessment. 

 

3.5 The potential change of habitat from instream works such as flood control and 

urbanisation can also be assessed using the Habitat Quality Index (eHQI). This 

expresses the percentage change before and after an activity of a range of 

geomorphological characteristics important as habitat for aquatic animals. The 

median for these ratios yields the eHQI. 
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4 Terms and Definitions 

4.1 Throughout my text I use the words ‘life supporting capacity’ and ‘ecological health’ 

interchangeably. Although there may be some distinction between these in a 

planning and/or legal arena they are the same in an ecological context. 

Furthermore, I also use the term ‘adverse’ and ‘significant adverse’ effect 

interchangeably. Again while there may be differences in these terms within the 

planning and/or legal arena they are identical in an ecological context. 

 

5 Stream Biological Communities 

5.1 Periphyton is the algae (often only visible microscopically or as a coating of slime) 

that forms the basis of most stream and river food webs. Some periphyton is 

required as food for many aquatic invertebrates; however, too much algal growth 

can dramatically change the ecology and habitat conditions of a river. 

 

5.2 Aquatic invertebrates consume this periphyton either directly (along with other 

organic sources) or by predating the smaller grazing invertebrates. The types of 

invertebrate present in a river will indicate the nature of the river habitat and to what 

extent it is affected by human activities. This is utilised by scientists to create 

indices (e.g., Macroinvertebrate Community Index, MCI) that measure the 

ecological health and/or water quality of a stream or river. 

 

5.3 Native and sports fish eat these invertebrates. All of the biological components of 

a river food web require the correct habitat and water quality conditions in order to 

maintain healthy populations and functioning ecosystems. 

 

5.4 Habitat for healthy ecological communities includes the shape, width and depth of 

the river channel, the diversity of substrate, mean substrate size, percentage of 

deposited sediment, number and size of pools, riffles and runs, amount of wood 

and overhanging vegetation among other things (Fig. 1). 
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Figure 1. Left: Low habitat quality. Right: High habitat quality  

 

 

6 The importance of habitat to healthy ecological river ecosystems. 

6.1 The ecological health and biodiversity of rivers and streams requires good water 

quality, good water quantity and adequate quality habitat. An abundance of clean 

water alone does not ensure ecological condition if there is nowhere for the 

organisms to live or no way for them to reach those habitats.  

 

6.2 If there is limited or low quality habitat, irrespective of how much and how clean the 

water is, then there is unlikely to be healthy diverse biological communities 

(Elosegi, Díez & Mutz, 2010;  Elosegi & Sabater, 2013). The importance of both 

instream and flood-plain habitat in affecting riverine biological communities has 

always been widely understood but not always incorporated in resource 

management  (Hynes, 1970;  Hynes, 1975). 

 

6.3 The link between geomorphological changes in river shape and how they impact 

on the associated river biota is well documented in the literature and text books 

(Newson & Newson, 2000;  Stallins, 2006;  Vaughan et al., 2009;  Brierley et al., 

2010;  Darby, 2010;  Poole, 2010;  Rice, Lancaster & Kemp, 2010). 

 

6.4 Examples of the habitat requirements of specific aquatic species include the need 

for deep pools by large trout and riffles for Bluegill bullies. Flood management to 

prevent bank erosion often involves deepening and straightening the river channel 

to move the water away from those banks. This results in the loss of pools and 

riffles and their replacement by runs (i.e. deep moving water).  
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6.5 In the Hutt River at Belmont, river engineering to prevent bank erosion resulted in 

the loss of riffle habitat that in turn resulted in the loss of the riffle living native fish 

the Bluegill Bully (Gobiomorphus hubbsi)  (Cameron, 2015) that is normally 

common in the Hutt River (Fig. 2). 

 

 
Figure 2 Total number of bluegill bullies collected per 100 m2 in the Hutt River 

 

6.6 One of the most wide spread changes to geomorphology in New Zealand rivers is 

the deposition of fine sediment (Clapcott et al., 2011). This clogs the interstitial 

spaces where fish and invertebrates live during daylight (Fig. 3), coming out to feed 

at night. 

 

 
 

Figure 3. Left good invertebrate habitat. Right Low level deposited fine sediment blocking 

invertebrate habitat. 

 



7 
 

6.7 The need to maintain and improve the physical characteristics of river 

geomorphology is becoming more entrenched in the management of European and 

American waterways. It is now as important to river management as preserving 

water quality and quantity, to protect healthy ecosystems and also to mitigate flood 

effects (European Commission, 2000;  Sear & Arnell, 2006;  Feld et al., 2011). 

 

6.8 As climate changes and population size continues to increase, the need to mitigate 

flood effects continues to increase. However, in order to protect healthy 

ecosystems river habitat must also be carefully considered in flood management 

(European Commission, 2000;  Sear & Arnell, 2006;  Feld et al., 2011;  Death, 

Fuller & Macklin, 2015). Flood flows that once dissipated across broad floodplains 

are now confined within the channel. This, together with channel narrowing 

exacerbates increased flow energy and increases sediment transport, contributing 

to further habitat reduction.  

 

 

7 How habitat can be assessed to ensure no excessive adverse effects on ecological life. 

7.1 In collaboration with GW flood management staff we have developed a robust and 

simple assessment of river habitat (Death, Fuller & Death, submitted to the journal 

Freshwater Science). The habitat index (Habitat Quality Index or HQI) applied at 

the reach scale provides a geomorphic framework to quantify change in habitat 

quality. This approach assesses the degree to which reach geomorphology has 

changed from a ‘natural benchmark’ derived from the historical (pre-modification) 

condition at that reach. Appendix 1 to this evidence contains a full explanation and 

examples in the Wellington Region. 

 

7.2 The index has previously been known as the Natural Character Index or NCI, for 

example in Table 3.4 of Fish & Game’s submission. The name for the index was 

changed to better reflect exactly what it measures. 

 

7.3 The approach is an adaptation of the ‘reference condition’ predictive modelling 

approach developed by Wright and colleagues for bioassessment (Wright et al., 

1984;  Reynoldson et al., 1997;  Wright, Sutcliffe & Furse, 2000). This same 

approach has also been modified for geomorphological (Davies, Norris & Thoms, 

2000;  Parsons, Thoms & Norris, 2004) and hydrological assessment (Carlisle, 

Wolock & Meador, 2011). 
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7.4 The reference condition approach in freshwater ecology was first adopted for 

assessing biological water quality by Wright and colleagues, and is now a widely 

used technique for bioassessment (Wright et al., 1984;  Reynoldson et al., 1997;  

Wright, Sutcliffe & Furse, 2000). Assessment is achieved by comparing taxa 

collected at a test site with those predicted from a model of unimpacted condition 

generated from sampling multiple reference sites.  

 

7.5 Historical records of geomorphological characteristics at a given river segment 

such as aerial photographs mean that, unlike the biological reference condition, it 

is possible to assess what the condition at an actual site was historically. As the 

reference condition is assessed from an historical (pre-impact condition) 

assessment for the same site it guarantees that the reference state is the most 

appropriate. The change from the pre-impact condition can involve comparing 

conditions pre-human using LiDAR and historical maps or photos or pre-

engineering activity using depth, channel width and substrate composition 

measurements. 

 

7.6 We compare the test condition with the historical reference condition at the same 

point in space for each habitat characteristic as a ratio; the closer the value is to 

unity the less it has altered. Values smaller than 1 represent a decline in the 

historical condition, and those greater than 1 an increase. The further from 1 the 

greater the proportionate change. We have called the ratio the Habitat Quality 

Index. 

 

7.7 The technique is quick and simple to apply and provides a robust and quantified 

measure of habitat change. If the physical nature of a river must be altered by flood 

engineering to prevent damage to people and their infrastructure then quantifying 

the loss could allow mitigation of those same quanta at a more suitable location, 

hopefully with the end result that there is no net loss of habitat. 

 

7.8 In Table 3.4 of the Fish & Game submission we have proposed HQI (NCI) values 

for each of the River Classes to avoid further loss of habitat quality / natural 

character and the concomitant adverse effects of this on river ecological health. 

 

7.9 This approach can be done using LIDAR mapping and aerial photography in a 

Geographic Information System (GIS) system as in the overall oHQI or to assess 

individual engineering activities - the event Habitat Quality Index (eHQI). Thus the 
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oHQI could be used more as a long-term State of the Environment monitoring tool, 

and eHQI as an assessment/consent monitoring tool 

 

7.10 The overall oHQI can be demonstrated with a time series sequence of GIS images 

of the Bulls reach of the Rangitikei River (Fuller et al., 2012). Between 1955 and 

2007 gravel bars have been digitised and quantified (Fig. 4). The oHQI for this is 

0.22 (the further from 1 the greater change) because the river has been 

dramatically constrained from its ‘natural’ path over that period. Further examples 

can be found for Wellington rivers in Appendix 1. 

 
 

7.8 

 
 

Figure 4. Changes to the Rangitikei River at Bulls between 1955 to 2007. The river has become 
narrower and less diverse. oHQI = 0.22. 
 

 

7.11 Rivers are dynamic and can also potentially change physical form as a result of 

large flood events. To allow for possible ‘natural’ geomorphological change from 

floods rather than engineering, an upstream reach of similar length and physical 

form can be assessed in the same after/before methodology. This change in eHQI 

could then be compared to that for the engineered reach eHQI to allow for any 

‘natural’ change from floods etc. For example, if a large flood occurs after the 

engineering and the HQI changes by 20% at the upstream and downstream reach 

then the change in habitat cannot be attributed to the flood works. 
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7.12 The parameters measured are area of pools, percent riffle, median particle size, 

substrate diversity, fine deposited sediment, bank undercutting, instream wood and 

bank riparian area. Pool area and percent riffle can be assessed with simple 

measurement and enumeration. There is also the potential for pool volume to be 

assessed although this would involve getting wet. Median particle size and diversity 

is assessed from the results of a 100 particle Wolman assessment (Wolman, 1954). 

Fine deposited sediment was assessed visually as outlined in Clapcott et al., 2011. 

The percent coverage of deposited sediment was expressed as percent of 

substrate with no deposited sediment so that an increase in the parameter 

represented good condition as it does for the other variables. Bank undercutting 

was expressed as percentage of bank on either side of the reach that showed any 

level of cutting (depth of cut was not assessed). The percent area of the wetted 

stream covered by wood greater than 30 cm was estimated. The total area of either 

bank with woody vegetative cover was assessed with site mapping. 

 

7.13 I include an illustrative example of the eHQI on a section of the Hutt River. The 

eHQI approach was applied to erosion mitigation engineering activities on a small 

stretch of the Hutt River (Fig 5 and 6). 

 
7.14 The engineering works essentially dragged the wetted channel to the centre of the 

flood plain in a uniform straight run. The area of pools, percent riffles, D50 (median 

particel size), substrate diversity (i.e. Simpsons Index on pebble counts), percent 

cover of deposited fine sediment (expressed as 100 = no cover so an increase is 

consistent with improvement), area of instream wood and riparian vegetation were 

determined at the Upstream and Engineered reach before and after the 

engineering works. 

 
 

7.15 The eHQI changed little at the Engineering or Upstream site (Table 1) indicating 

that 1) the works had no appreciable (i.e. less than minor) effect on the overall 

geomorphology and 2) no flood events altered the geomorphology appreciably at 

either site. If the latter had occurred the eHQI would differ from 1 at both the 

Upstream and Engineering reaches. If the engineering alone had caused a change, 

the Engineering reach eHQI would have altered from 1 at the Engineered reach 

but not the Upstream reach. Note the eHQI can increase as well as decrease to 

indicate an improvement in geomorphological condition from engineering activities. 

 

Engineered 
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7.16 Note that in Table 1 that individual components of physical form can change 

dramatically without the eHQI changing; as it is presented as a median. In some 

cases, a change in a critical habitat characteristic can be important to specific 

species (e.g. pools for trout), however the table can still be examined for any 

specific changes of concern. If the eHQI has been deemed to have dropped below 

an acceptable level the table can also be used to assess what aspects of 

geomorphology can be targeted for mitigation e.g., loss of riffles could be mitigated 

by creating more in another river reach. 

 
 

 
  

 
Figure 5. Aerial view of the Hutt River engineered reach. Red lines indicate the erosion areas, the 
purple box indicates the upstream and engineered reaches. 
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Figure 6. Photographs of Hutt River reach before and after engineering works, 2015. 
 
 
 
 
 
 

Before 

After 
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Table 1. Geomorphological characteristics and eHQI (mean, median and maximum) for 

an Engineered and Upstream control reach on the Hutt River. Note characteristics 

absent before and after (e.g. Undercutting) were excluded from HQI calculations. 

 

 Upstream Control 
Reach  Engineered Reach  

 Before 
event 

After 
event HQI Before 

event 
After 
event HQI 

Pools – area (m2) 0 3.6 3.60 3.6 0.90 0.25 

Percent riffles 13.9 12.9 0.93 13.4 1.9 0.14 

D50 (mm) 35 32 0.91 64 90.5 1.41 

Substrate diversity 0.19 0.18 0.91 0.24 0.22 0.91 
Deposited sediment 
(area without) (%) 100 100 1.00 100 100 1.00 

Undercutting (%) 0 0 - 0 0 - 

Instream wood (m2) 0 0 - 32.5 0 0.00 
Non grass 
vegetation in 
Riparian area (m2) 6065.3 6065.3 1.00 1749.9 1749.9 1.00 

eHQI (median)   0.96   1.00 
Maximum 
individual 
component change   0.91   0.00 

 
 

 
8 Conclusion 

8.1 Habitat is equally important to protect and maintain ecological health of rivers and 

streams as water quantity and quality. 

 

8.2 Engineering of streams, rivers and flood plains can result in reduced habitat that in 

turn has a detrimental effect on ecological health in many waterways. 

 

8.3 Engineering of many rivers in the Wellington Region has resulted in a loss of 

floodplain habitat for many riparian organisms and removal of the connection 

between the river and floodplain that is critical for many ecological functions 

(Tockner et al., 2010;  Gorski et al., 2013b;  Reckendorfer et al., 2013;  Death, 

Fuller & Macklin, 2015). Flood flows that once dissipated across broad floodplains 
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are now confined within the channel. This, together with channel narrowing 

exacerbates increased flow energy and increases sediment transport, contributing 

to further habitat reduction. 

 

8.4 The HQI is not a geomorphological characterisation or absolute measure of habitat 

diversity and quality, but is a quantified assessment of the relative change in 

selected geomorphic characteristics and habitat quality between successive 

phases of human intervention in river channels. 

 

8.5 The HQI also provides a mechanism for developing flood management practices 

more reflective of natural processes to improve both flood management and 

biodiversity conservation (Evans et al., 2004;  Sear & Arnell, 2006;  Evans et al., 

2008). HQI values for proposed alternative flood management options can be 

measured and the one with the least reduction in HQI used. 

 

8.6 The Plan appears to separate natural character from natural processes in a number 

of places.  For example,  

• the plan defines natural processes but not natural character 

• it seeks to protect natural character, but only minimise interference from 

use and development on natural processes (Objectives 17 and 19) 

• it seeks to avoid significant adverse effects on natural character (policy 

P25) but minimise the adverse effects of use and development on the 

integrity and functioning of natural processes (policy P26) 

It will be impossible to manage for natural character without also considering the 

natural processes that result in that character.  If you are only ‘minimising’ the 

effects of development on natural processes, then you are not going to be able to 

protect natural character overall.  The HQI offers an approach to reduce the 

confusion over the intimate connection between natural character and natural 

processes 

 

8.7 The same approach as HQI could also be adopted for assessing more short term 

changes in geomorphological structure from river engineering activities. The HQI 

could be calculated before and after an engineering activity and if there has been 

a significant change in the index then engineers could provide mitigation, either on 

site or elsewhere. Furthermore, the component HQI scores would indicate where 

mitigation was most appropriate; for example if the HQI component for percent 

pools had declined the most, then new pools could be created. In this way flood 

engineering could still be conducted to protect people’s lives and infrastructure 
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without any net loss in habitat diversity of a river. However, as the index is a 

measure of relative change, mitigating the engineering actions on a different river 

may require inter-river calibration to maintain the same quanta of habitat. It could 

also be used for state of the environment monitoring; the index could be re-

measured as part of ongoing river monitoring. Deterioration of the score could then 

indicate more appropriate river management strategies, and/or rehabilitation 

schemes may be necessary to improve degraded reaches. 

    

8.8 The Habitat Quality Index (HQI) can be used to measure the percent change in 

habitat from potential works and offers an easy way for geomorphologists, 

ecologists and river engineers to interact more effectively to determine 

management options that will facilitate flood protection but also avoid any future 

loss of habitat and biodiversity as a consequence. It allows the change in habitat 

loss to be measured, and will even isolate the particular geomorphological 

characteristic in need of remediation if habitat diversity is deemed to have declined 

too much. 

 

 

 

Russell George Death 
 
Professor Freshwater Ecology, Massey University 
 
21st  August 2017 
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Appendix 1 – Copy of manuscript submitted to the Journal Freshwater Science that explains the Habitat 

Quality Index in more detail as applied to 3 rivers in the Wellington Region. 
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Abstract: Concern about the ecological health and biodiversity status of the fauna in the world’s 

rivers and streams has led to many national governments and international bodies instigating 

policies, laws, education programs and action plans to combat declining water quality and quantity. 

However, if the purpose of these programs is to halt, or even enhance the ecological condition and 

biodiversity of those waterbodies then we must also ensure adequate quality habitat is available 

for those organisms. An abundance of clean water alone does not ensure ecological condition if 

there is nowhere for the organisms to live or no way for them to reach those habitats. The use of 

habitat quality in resource management activities has been hampered by the lack of a simple and 

effective method to quantify the quality and/or change in habitat. Here we use an assessment of 

river geomorphology to develop a habitat index (Habitat Quality Index or HQI) which provides a 

geomorphic framework to quantify change in habitat condition. This approach assesses the degree 

to which reach geomorphology has changed from a ‘natural benchmark’ derived from the historical 

(pre-modification) condition at that reach. We provide examples deriving HQI in rivers subject to 

on-going flood control management in the lower North Island of New Zealand. 
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The ecological health, diversity of biological communities, and viability of species in rivers and 

streams throughout the globe are in dramatic decline (Dudgeon et al., 2006;  Vorosmarty et al., 

2010;  Wohl, 2010;  Feld et al., 2011;  Death, Fuller & Macklin, 2015). This is the result of a wide 

range of potentially interacting pressures including increasing nutrient levels, greater deposited 

and suspended sediment, water abstraction, changes in flow regime, overexploitation of species 

and changing climate regimes (e.g., Carpenter et al., 1998;  Allan, 2004;  Arthington et al., 2006;  

Dewson, James & Death, 2007;  Palmer et al., 2008). These declines have motivated 

environmental agencies and governments in many countries to develop a wide range of 

mechanisms to quantify and manage the amount and quality of water in rivers to halt or reverse 

some of these declines (e.g., Resh & McElravy, 1993;  Wright, Sutcliffe & Furse, 2000;  Friberg et 

al., 2011). This in turn has been associated with more ecologically linked planning, policy and legal 

frameworks all with the aim of halting the decline in riverine ecological condition (e.g., Fore et al., 

2008;  Acreman & Ferguson, 2010;  Hering et al., 2010). 

 Biological communities will certainly be affected by declines in the quantity and quality of water 

in a river. However, if there is limited or low quality habitat, irrespective of how much and how clean 

the water is, then there is unlikely to be healthy diverse biological communities (Elosegi, Díez & 

Mutz, 2010;  Elosegi & Sabater, 2013). The importance of both instream and flood-plain habitat in 

affecting riverine biological communities has always been widely understood, and integral to 

interpreting most stream ecology research (Hynes, 1970;  Hynes, 1975). The influence of 

geomorphological structure in determining river ecosystem structure and function often forms the 

underlying framework for many hypotheses in stream ecology such as the River Continuum 

Concept (Vannote et al., 1980), Network Dynamics Hypothesis (Benda et al., 2004) and the 

Riverine Ecosystem Synthesis (Thorp, Thoms & Delong, 2006;  Thorp, 2008). At the individual 

species level the habitat and geomorphological requirements of salmonids have probably received 

the most attention (e.g., Kondolf, 2000;  Fukushima, 2001;  Sear & DeVries, 2008;  Wheaton et al., 

2010). The still widely applied technique of Instream Flow Incremental Method (IFIM) setting of 

minimum flows uses habitat suitability curves to link potential effects on habitat loss of differing 

levels of flow alteration (Richter et al., 1997;  Tharme, 2003;  Lamouroux & Jowett, 2005), although 

it has been widely criticised for its simplistic assessment of habitat (Maddock, 1999;  Gore, Layzer 
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& Mead, 2001;  Hudson, Byron & Chadderton, 2003). The habitat requirements for other freshwater 

fish and invertebrates have also been considered, although not to the same degree as for 

salmonids (Death, 2000;  Helfman, 2007;  Barnes, Vaughan & Ormerod, 2013;  Gorski et al., 

2013a;  Koehn & Kennard, 2013).  

 The link between geomorphological changes in river morphology and how they impact on the 

associated river biota has had considerable discussion in the literature (Newson & Newson, 2000;  

Stallins, 2006;  Vaughan et al., 2009;  Brierley et al., 2010;  Darby, 2010;  Poole, 2010;  Rice, 

Lancaster & Kemp, 2010). However, much of the focus was on developing a geomorphological 

typology for understanding the relative roles of channel-shaping processes, both spatially and over 

time. In turn, there was an assumption that if river morphology was altered then so too is the habitat 

for the animals and plants living within that river. But there have been few, if any, attempts to 

quantify the actual linkages between these river typologies and the organisms that are believed to 

be affected (Vaughan & Ormerod, 2010;  Gorski et al., 2013a;  Gostner et al., 2013).  Elosegi et 

al. (2010) in their review of the effects of human modification of riverine geomorphological 

character on biodiversity and ecosystem function concluded this lack of research was a result of 

the highly variable nature of geomorphology depending on climate, geology, catchment position, 

land use and flow regulation. 

 There are a number of physical habitat survey methodologies that have been used in 

association with biological assessments of river condition (e.g., Raven et al., 1997;  Raven et al., 

1998;  Harding et al., 2009). These approaches developed by ecologists have been criticised, by 

geomorphologists, because of a lack of the correct temporal and spatial perspective in the 

techniques to link stressors and response (Fryirs, Arthington & Grove, 2008;  Rinaldi et al., 2013). 

In essence there appears to be a disjunct between the assessment approach of river habitat by 

geomorphologists and ecologists; the latter deal with responses over very short time scales (days 

to years) whereas the former deal with responses over much longer time scales (decades to 

millennia) (Death, Fuller & Macklin, 2015). Furthermore, the approaches used by ecologists to 

assess habitat are more useful for simple description, than assessment of whether they provide 

suitable quantity and quality of habitat and/or if habitat differs significantly from some minimum 

‘healthy ecosystem’ requirement. 
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 The need to maintain and improve river hydromorphology is gradually becoming as important 

to river management as preserving water quality and quantity, to protect healthy ecosystems and 

also to mitigate flood effects (European Commission, 2000;  Sear & Arnell, 2006;  Feld et al., 2011). 

However, although there are many techniques to describe habitats, there are limited mechanisms 

or protocols to evaluate those measures against what is required for a ‘healthy’ hydromorphology. 

(Davies, Norris & Thoms, 2000;  Parsons, Thoms & Norris, 2004) adopted an approach from 

biomonitoring to develop a predictive model of habitat condition using the RIVPACs modelling 

approach (Wright, Sutcliffe & Furse, 2000) that we believe offers considerable potential for both 

describing and quantitatively assessing habitat quality. (Raven et al., 2010) also present a 

methodology for benchmarking their River Habitat Survey approach against acceptable 

hydromorphological condition. In this paper we present a simplification of the RIVPACs type 

approach; using historical records for a given site to determine the reference condition for 

assessment, rather than using multiple sites for that benchmark as in Davies et al. (2000) and 

Parsons et al. (2004). We demonstrate this approach on three New Zealand rivers that have had 

their hydromorphology altered for flood control of nearby urban areas. We believe the technique is 

quick and simple to apply but provides a robust and quantified measure of habitat change. If 

hydromorphology must be altered by flood engineering to prevent damage to people and their 

infrastructure then quantifying the loss could allow mitigation of those same quanta at a more 

suitable location, hopefully with the end result that there is no net loss of habitat. 

 

Methods 

Study sites 

We assessed the geomorphological change in the lower reaches of three major rivers in the 

lower North Island of New Zealand (Fig. 1). All three rivers arise in native vegetation in the Tararua 

Ranges and pass alongside or through major urban areas in their lower reaches before emptying 

into the ocean. As a result of their proximity to these urban areas all three rivers have varying 

amounts of flood engineering to prevent inundation of housing and other infrastructure during high 

flows. 



25 
 

The Otaki River rises in the western Tararua Range. In the lower catchment, native forest has 

been cleared for agriculture and has resulted in substantial bank erosion as the steep-gradient 

river re-worked its floodplain. This has led to the development of a semi-braided or wandering river 

planform prior to management. The Otaki is the only significant west coast river in the lower North 

Island to deliver gravel to the coast, and accordingly the channel is characterized by a high degree 

of change and activity and now exemplifies a typical wandering planform.  The town of Otaki is 

sited on the river floodplain within an area subject to substantial inundation during a 100 year flood 

(Otaki River FMP, 1998). 

The smaller Waikanae River also rises in the western Tararua Range. Like the Otaki, the upper 

Waikanae comprises steep, forest-covered slopes in the upper catchment, but a larger proportion 

of the catchment was cleared, with 40% now in pasture (Waikanae River FMP, 2013). The river is 

less dynamic than the Otaki and although gravelly for the most part, the lower part of the river, 

where it runs adjacent to the town of Waikanae (sited on the floodplain) is a substantial depositional 

zone, with gravel deposited short of the coastline due to insufficient stream power related to 

channel slope reduction. Channel planform is typically wandering. 

The Hutt River drains the southern Tararua Range and northern Rimutaka Range. While large 

parts of the upper catchment comprise steep, forested terrain, the main floodplains have been 

cleared for agriculture and urban development. The floodplain in the lower catchment is highly 

urbanized and the river is restricted to a narrow corridor towards the true right of the valley for 

much of its length in this part of the catchment. The floodplain was inundated entirely by c.2000 

m3s-1 floods that occurred in 1858, 1878, and 1898, prior to flood protection construction (Hutt 

River FMP, 2001). Under the present rainfall-runoff regime, the river in the lower Hutt valley would 

naturally occupy a much larger swathe of floodplain and be characterized by a more extensive and 

dynamic wandering and braided channel than current management allows. 

 

The reference condition approach 

 The reference condition approach in freshwater ecology was first adopted for assessing 

biological water quality by Wright and colleagues, and is now a widely used technique for 

bioassessment (Wright et al., 1984;  Reynoldson et al., 1997;  Wright, Sutcliffe & Furse, 2000). 
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Assessment is achieved by comparing taxa collected at a test site with those predicted from a 

model of unimpacted condition generated from sampling multiple reference sites. Davies et al. 

(2000) and Parsons et al. (2004) adopted a similar approach for use with the geomorphological 

assessment of river habitat. However, the reference condition approach, at least for 

bioassessment, suffers from the issue that reference or unimpacted condition for some river types 

(e.g., large lowland rivers) may no longer exist (Scarsbrook et al., 2003;  Bailey, Norris & 

Reynoldson, 2004;  Stoddard et al., 2006;  Hawkins, Olson & Hill, 2010). In geomorphology the 

large variability in river typology will also make identifying appropriate sites for assessment of 

reference condition difficult (Elosegi, Díez & Mutz, 2010). 

 However, historical records of geomorphological characteristics at a given river segment such 

as aerial photographs mean that, unlike the biological reference condition, it is possible to assess 

what the condition at an actual site was historically. As the reference condition is assessed from 

an historical (pre-impact condition) assessment for the same site it guarantees that the reference 

state is the most appropriate. This differs fundamentally from the approach of (Davies, Norris & 

Thoms, 2000;  Parsons, Thoms & Norris, 2004) where a range of sites were sampled in the present 

day to develop the predicted reference state. 

 Our approach of using the historical condition of a site as the reference point also simplifies 

the calculation of the Observed/Expected (O/E) index. When multiple sites are used, to establish 

the reference condition the sampled rivers are grouped into types, usually with a classification 

procedure. The O/E index is then calculated using the probabilities of the test site being a member 

of that (or other) river types and the associated probabilities of each taxon’s (or geomorphological 

characteristic) presence in that river type(s) summed. Further detail on calculation of the O/E index 

using multiple reference sites can be found in (Furse et al., 1984;  Wright, Sutcliffe & Furse, 2000). 

In contrast, in our approach we simply compare the test condition with the historical reference 

condition at the same point in space for each characteristic as a ratio; the closer the value is to 

unity the less it has altered. Values smaller than 1 represent a decline in the historical condition, 

and those greater than 1 an increase. The further from 1 the greater the proportionate change.  

 

Measured parameters and data sources 
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 As the reference condition we choose for assessment was the historical condition of our study 

sites this limited the number and type of geomorphological characteristics we could measure. We 

included a range of measurable and biologically relevant characteristics that we had previously 

assessed alongside potential alternatives that could not be assessed historically (e.g., substrate 

composition, percent deposited sediment) (Death, 2012). This work identified useful and 

measurable parameters to characterise geomorphological condition to be sinuosity, extent of 

braiding, percent of pools, active, bankfull and floodplain channel widths. 

 We used geo-referenced aerial photographs from the Greater Wellington Regional Council 

(GWRC) dating from 1939 (Otaki), 1951 (Hutt), 1952 (Waikanae) and 2010 (all) to measure 

sinuosity and the percent of pools. Airborne laser mapping (Light Detection and Ranging, LiDAR) 

from 2003 was used to precisely define floodplain and channel parameters and identify previous 

channel courses. Each river is managed by the environmental agencies as a series of reaches, so 

parameters were assessed for each of these reaches in the three rivers. In the Otaki River reaches 

were on average 1.39 km (total length = 12.5), in the Waikanae River 0.83 km (total length = 5) 

and in the Hutt River reaches were 2.53 km (total length = 27.8). 

 

Channel and floodplain widths  

  Active channel width, bankfull channel width, natural floodplain and permitted floodplain width 

were measured within ArcMap® 10.0 GIS, using LiDAR imagery. Active channel width is defined 

as the width of the wetted channel and the active gravel bars (devoid of vegetation) combined. 

Bankfull width is defined as the distance from banktop to banktop, encompassing wetted channel, 

active gravel bars and older semi-vegetated bars. Natural floodplain width is the area of valley floor 

that would be naturally inundated during a large flood (average return interval 20- 30 years), which 

is usually between the youngest two river terraces at the valley margins in this area of New 

Zealand, while permitted floodplain width is the floodable valley floor usually confined between two 

stopbanks (levees / flood walls). Widths were measured at approximately 50 m intervals along the 

entirety of each reach in each river using the ruler tool in ArcMap®. Values were then averaged 

for each management reach to simplify subsequent analysis. 
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 Since river management is most likely to result in constraining the river channel, the extent of 

this constriction was assessed by deriving a ratio of parameter width in 2010 to width from historic 

imagery (active and bankfull channel widths, plus permitted floodplain width). In addition, ratios 

showing the changes in active channel to natural floodplain width, which expresses the proportion 

of the floodplain occupied by the active channel; bankfull width to natural floodplain width, which 

expresses the size of the flood channel as a proportion of the natural floodplain; and natural to 

permitted floodplain width, which highlights any reduction in floodable area; were derived. 

 

Channel planform  

 River management also tends to straighten channels, the extent to which this occurred can be 

assessed using sinuosity. The distance between two end points of a reach was measured following 

the midpoint of the wetted channel using the ArcMap® ruler tool, which was then divided by the 

linear length between the two end points, providing a measure of sinuosity for each reach. 

 Many of New Zealand’s rivers are locally braided or wandering. Management approaches tend 

to seek to simplify channel pattern. The extent of braiding was calculated using Brice’s index (Brice, 

1974), which states that the extent of braiding is ‘twice the total length of the bars within the reach 

divided by the mid-channel reach’. Mid channel bars were identified and the length of each was 

measured in ArcMap® using the ruler tool. The total was calculated, multiplied by two and then 

divided by the mid-channel length used in the sinuosity calculation. However, this index was only 

feasible to generate in the Hutt River, which has clearly defined mid-channel bars. The Waikanae 

River is, and has been, primarily single thread. The Otaki River also proved difficult to assess in 

terms of braiding, since properly developed medial bars have not been a consistent characteristic 

of overall river morphology. However, anabranching channels were evident in 1939. Total thalweg 

length in each management reach was therefore measured in preference to a braiding index in the 

Otaki. Channel and floodplain widths were averaged for each management reach. Channel 

sinuosity and braiding index (or thalweg length) were calculated for each management reach as a 

whole. The number of pools was also counted in each management reach, as a measure of 

geomorphic and habitat diversity.  
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Data analysis 

HQI values were compared between rivers with a Kruskal-Wallis one-way ANOVA in Statistix©  

9.0. 

 

 

 

Results  

 The ratio of each geomorphological characteristic in 2010 is expressed over the appropriate 

historical condition. For example, the permitted floodplain width component of reach XS370-XS220 

in the Otaki River (Fig. 2) is: 

𝐻𝐻𝐻𝐻𝐻𝐻𝑝𝑝𝑝𝑝 =
𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊ℎ 𝑊𝑊𝑖𝑖 2010

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊ℎ 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝐿𝐿𝐻𝐻𝐿𝐿𝐿𝐿𝐿𝐿
=

223
2001

= 0.11 

 

The ratios for each component of each reach are presented in Table 1, 2 and 3 for the Otaki, 

Waikanae, and Hutt Rivers, respectively. The summary Habitat Quality Index (HQI) value for each 

management reach is derived as a median of the component ratios for that reach. The use of the 

median in preference to the mean avoids skewing the assessment by large values. There is a 

tendency in the Hutt and Otaki Rivers for modification to increase downstream (Fig. 3). Modification 

of the Waikanae River is restricted to an area around a road bridge at the most upstream reaches 

of our study.  The Otaki River was significantly more modified than the Waikanae River, however 

neither was different from the Hutt River (Kruskal-Wallis One-Way ANOVA = 5.89, P=0.05) (Fig. 

3). 

 

Discussion  

Geomorphological condition 

 The extent to which geomorphological condition had been modified varied between and within 

rivers. For example, although the Otaki River as a whole was the most modified, the upper reaches 

of the Otaki, situated at the outlet of a natural gorge, have been relatively untouched. Overall, the 

least modified, was the Waikanae River. However, modification of the lower reaches in the Hutt 
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River has occurred for over 100 years, further back than the earliest aerial photos available for the 

reaches, so we may have underestimated modification for this river. The most modified reaches in 

all the rivers not surprisingly were generally towards the lower extents of the river (i.e. towards the 

river mouth) where population density was highest.  

 Consistently, the least changed parameter in the rivers was sinuosity (Tables 1-3). This may 

reflect the fact that these wandering rivers are not classic meandering systems. It may therefore 

not be the most appropriate measure of natural character for these river types. However, changes 

to the thalweg length in the Otaki and braiding index in the Hutt have been altered, so there have 

clearly been changes to the natural planform. In the Hutt River, the dramatic decline in braiding is 

a product of the simplification of channel form engineered as part of flood protection in these 

reaches, through both direct channel modification and gravel extraction. In multi-threaded systems, 

these parameters appear to be the most sensitive measures of habitat quality and geomorphic 

diversity.  

 Active channel and bankfull channel widths, indicate variable degrees of channel modification, 

from very little in the Waikanae River to substantial in the Hutt and Otaki Rivers. The extent of 

modification of these parameters in the rivers ranges from a median of 0.45 (Otaki bankfull) to 0.85 

(Hutt active), indicating that both river channels have been narrowed, the Otaki to a greater degree. 

This has a significant impact on habitat diversity, because the channel form has necessarily 

become simplified and high flows have become more confined, producing a greater hydraulic 

uniformity in the channel, relative to a more natural diversity. This is consistent with the observed 

reduction in pools in the rivers, most marked in the Otaki River (median = 0.16). In more 

hydraulically uniform, narrowed channels, sediment transport tends to be more efficient and pool-

riffle sequences become less distinct as sediment is forced downstream.  

 All three rivers demonstrate a marked reduction in permitted floodplain width. Settlements in 

New Zealand were often established alongside suitable water and transport bases such as rivers, 

however as urban areas have grown and expanded river floodwaters have had to be increasingly 

confined to avoid damage to people, housing, industry and infrastructure. This has resulted in a 

loss of floodplain habitat for many riparian organisms and removal of the connection between the 

river and floodplain that is critical for many ecological functions (Tockner et al., 2010;  Gorski et 
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al., 2013b;  Reckendorfer et al., 2013;  Death, Fuller & Macklin, submitted Feb 18, 2015). Flood 

flows that once dissipated across broad floodplains are now confined within the channel. This, 

together with channel narrowing exacerbates increased flow energy and increases sediment 

transport, contributing to further habitat reduction.  

 

Use and limitations of HQI to evaluate habitat quality 

 The HQI is not a geomorphological characterisation or absolute measure of habitat diversity 

and quality, but is a quantified assessment of the relative change in selected geomorphic 

characteristics and habitat quality between successive phases of human intervention in river 

channels. Furthermore, appropriate parameters must be measured: there is little to be gained in 

quantifying a braiding index if the river is only locally divided or lacks proper medial bar 

development, or assessing sinuosity if the river lacks a meandering planform. In the illustrated 

examples we compared the geomorphic condition in 2010 with an historical reference condition. 

This is akin to the reference condition approach for hydromorphology advocated by organisations 

like the EU, that is already in widespread use for assessment of river biological communities 

(European Commission, 2000). However, one key difference of the HQI approach to those in 

biological reference comparisons is the lack of assessment of variability in the reference condition. 

This would be difficult to assess from solitary historical photos, maps or LiDAR but could be 

developed for more short term comparisons. For example comparing reaches before and after 

engineering works where multiple pre-engineering surveys (including pre and post-flood events) 

could be conducted. The repeated measures of HQI before engineering could then be compared 

to multiple measures of HQI post-engineering. 

 The wide coverage and ready accessibility of aerial and satellite imagery (e.g. google earth) 

(Large & Gilvear, 2015), LiDAR (e.g. http://lidar.cr.usgs.gov/), and even historical maps make the 

prospects for future assessments using this approach limitless (Dafforn et al., 2016), although pre-

human data will always be a challenge. As with other applications of before/after environmental 

assessment it would still be possible to develop expert opinion based datasets of the pre-human 

condition (Marcot et al., 2012;  Death et al., 2015;  Domisch, Wilson & Jetz, 2016). It also provides 

a mechanism for developing flood management practises more reflective of natural processes 

http://lidar.cr.usgs.gov/
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advocated by the Foresight report and others to improve both flood management and biodiversity 

conservation (Evans et al., 2004;  Sear & Arnell, 2006;  Evans et al., 2008). HQI values for 

proposed alternative flood management options can be measured and the one with the least 

reduction in HQI used. 

 The same approach could also be adopted for assessing more short term changes in 

geomorphological structure from river engineering activities. The HQI could be calculated before 

and after an engineering activity and if there has been a significant change in the index then 

engineers could provide mitigation, either on site or elsewhere. Furthermore, the component HQI 

scores would indicate where mitigation was most appropriate; for example if the HQI component 

for percent pools had declined the most, then new pools could be created. In this way flood 

engineering could still be conducted to protect people’s lives and infrastructure without any net 

loss in habitat diversity of a river. However, as the index is a measure of relative change, than 

mitigating the engineering actions on a different river may require inter-river calibration to maintain 

the same quanta of habitat. It could also be used for state of the environment monitoring; the index 

could be re-measured as part of ongoing river monitoring. Deterioration of the score could then 

indicate more appropriate river management strategies, and/or rehabilitation schemes may be 

necessary to improve degraded reaches.  

 

Conclusion 

The use of a geomorphic reference condition approach to quantifying change in river habitat 

has been used before (Davies, Norris & Thoms, 2000;  Parsons, Thoms & Norris, 2004), however 

we present a much simpler and potentially more appropriate protocol. Rather than sampling a 

range of sites to establish the reference state we simply use historical records of the site of interest 

to establish the actual reference condition (at least back to a certain point in time). We believe this 

offers an easy way for geomorphologists, ecologists and river engineers to interact more effectively 

to determine management options that will facilitate flood protection but also avoid any future loss 

of habitat and biodiversity as a consequence. It allows the change in habitat loss to be measured, 

and will even isolate the particular geomorphological characteristic in need of remediation if habitat 

diversity is deemed to have declined too much. We hope that this will help move river management 
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further from flood engineering science to a more holistic environmental science (Sear & Arnell, 

2006). 
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Table 1. HQI parameter ratios and overall median HQI per management reach defined by cross-section distance upstream from the river mouth (km), 

Otaki River. 

  XS220– 

XS120 

XS370– 

XS220 

XS490- 

XS370 

XS600- 

XS490 

XS720– 

XS600 

XS860– 

XS720 

XS1020– 

XS860 

XS1180– 

XS1020 

Median 

Sinuosity 0.92 0.91 0.99 0.83 0.86 1.21 0.97 0.97 0.95 

Active channel  0.47 1.13 1.01 0.75 0.68 0.94 0.62 0.84 0.79 

Bankfull channel  0.24 0.26 0.34 0.62 0.25 0.57 0.71 0.92 0.45 

Permitted Floodplain  0.10 0.11 0.23 0.34 0.84 0.36 0.82 0.97 0.35 

Thalweg length 0.41 0.59 0.79 0.47 0.94 1.53 1.06 1.01 0.87 

Pools 0 0.32 0.64 0 0 0.75 1.26 0 0.16 

OVERALL HQI 0.41 0.32 0.64 0.62 0.68 0.75 0.82 0.92 0.71 
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Table 2. HQI parameter ratios and overall median HQI per management reach defined by cross-section distance upstream from the river mouth (km), 

Waikanae River. 

 

  

 XS80 –XS20 XS175 – XS80 XS240 – XS175 XS310 – XS240 XS350 – XS310 XS430 – XS350 Median 

Sinuosity 0.96 0.97 0.79 0.98 0.98 0.74 0.97 

Active channel  1.10 0.94 1.27 0.79 0.76 1.03 0.99 

Bankfull channel  1.00 1.00 0.99 1.00 0.99 1.00 1.00 

Permitted Floodplain  1.02 0.99 0.73 0.41 0.52 0.82 0.78 

Pools 1.00 0.80 1.50 0.00 0.26 0.83 0.82 

OVERALL HQI 1.00 0.97 0.99 0.79 0.76 0.83 0.97 
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Table 3. HQI parameter ratios and overall median HQI per management reach defined by cross-section distance upstream from the river mouth (km), 

Hutt River. 

 
XS210–  

XS100 

XS360– 

XS210 

XS510- 

XS360 

XS850-

XS510 

XS1090- 

XS850 

XS1350– 

XS1090 

XS1630- 

XS1350 

XS1920- 

XS1630 

XS2270- 

XS1920 

XS2550- 

XS2270 

XS2780- 

XS2550 

XS2830- 

XS2780 
Median 

Sinuosity 1.0 1.0 0.87 0.98 1.00 0.99 0.98 0.98 0.89 0.99 1.00 0.95 0.99 

Active 

channel  
0.98 1.13 0.78 0.64 0.65 0.79 0.89 0.72 0.95 1.21 0.95 0.70 0.84 

Bankfull 

channel  
0.73 1.03 0.50 0.47 0.56 0.72 0.59 0.81 0.57 1.06 0.91 0.90 0.73 

Permitted 

Floodplain  
0.22 1.00 0.98 0.28 0.59 0.54 0.28 0.09 0.17 0.44 0.98 0.98 0.49 

Braiding 

Index 
0.00 0.00 0.00 0.26 0.00 0.11 0.44 0.14 0.49 0.00 0.16 0.00 0.06 

Pools 0.00 0.00 1.00 0.31 0.76 0.40 0.00 0.78 1.00 2.00 1.00 2.10 0.77 

OVERALL 

HQI 
0.73 1.0 0.78 0.47 0.59 0.72 0.59 0.72 0.57 1.06 0.95 0.90 0.73 
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Figure Legends 

 

Figure 1. A. Catchment and study reach locations: 1. Otaki River (11.8 km reach length), 2. 

Waikanae River (4.3 km reach length), 3. Hutt River (28.3 km reach length). B. Otaki River at 

XS600-490 (cf. Table 1 and * in Figure 1A), typical of laterally constrained wandering rivers in this 

region, photo is looking upstream, bridges are State Highway 1 and railway respectively. Photo: 

ICF 31 March 2013. 

 

Figure 2. Example calculations of HQI components A) sinuosity and thalweg length and B) 

permitted floodplain width for a reach in the Otaki River, New Zealand. 

 

Figure 3. Summary of reach HQI scores in the A. Otaki, B. Waikanae, and C. Hutt Rivers, per 

management reach defined by cross-section distance upstream from the river mouth (km). Grey 

indicates agreement with reference condition and black deviation. 
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Fig. 1. 
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Fig. 2 

 

  



Fig. 3A 
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Fig. 3B 
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Fig. 3C 
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