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Summary 

Overview of the monitoring programme 

1 As part of the Bay of Plenty Regional Council’s (BOPRC) Natural Environment 
Resources Monitoring Network (NERMN), stream invertebrates have been sampled 
annually from 120 sites throughout the region, some since 1992. Invertebrates were 
collected using consistent sampling methods, and were processed and analysed to a 
consistent level of identification. Twenty-six environmental factors describing conditions 
at each site were also obtained from databases such as Freshwater Environments of 
New Zealand (FENZ), the Land Cover Database (LCDB3) and the Catchment Land 
Use for Environmental Sustainability (CLUES) model. 

2 A total of 135 invertebrate taxa were identified. The fauna was dominated by only a few 
taxa, including chironomid midges, the freshwater snail Potamopyrgus antipodarum, 
the mayflies Zephlebia, Deleatidium, and Austroclima, black flies (Austrosimulium), the 
caddisflies Aoteapsyche and Pycnocentrodes, and Elmid riffle beetles. These taxa 
were also found at over 90% of the sites.  

3 Although invertebrate communities differed between sites, these differences were not 
particularly large, reflecting the dominance of a few core taxa. Environmental gradients 
responsible for structuring the invertebrate communities included dominant catchment 
land cover, estimated CLUES N concentrations, distance inland, and catchment size. 
Other factors such as hydrology, topography, habitat and substrate were also 
responsible for structuring invertebrate communities, but to a lesser extent. 

4 The invertebrate communities was summarised by six biotic metrics commonly used to 
assess stream health (the Macroinvertebrate Community Index (MCI and its 
quantitative variant (QMCI), taxonomic richness (r), the number of Ephemeroptera, 
Plecoptera and Trichoptera (EPT_r), the % of EPT to taxonomic richness (%EPT_r), 
and the % of EPT to total density (%EPT_n)). A seventh metric, the Bay of Plenty Index 
of Biotic Integrity (BoP_IBI) was also developed based on comparing selected biotic 
metrics in test sites to those in appropriate reference sites. These metrics described 
the ecological state of waterways throughout the region, and were assessed for trends. 
The degree that invertebrate communities (and thus ecosystem health) has changed 
from human activities was quantified by comparing contemporary values of the MCI 
and EPT-r to predicted values for these metrics in the absence of human activities. 

5 All sampled streams were assigned to one of three stream biophysical classes  
(non-volcanic steep, volcanic low gradient, and volcanic steep-gradient) reflecting 
differences in dominant catchment geology and catchment slope. All assessments of 
the state and trends to the seven metrics were examined on streams in each of these 
biophysical classes. 

State of stream health 

6 Only taxonomic richness and the BoP_IBI differed between land use classes in the 
nonvolcanic steep-gradient streams. In contrast, all biotic indices differed between 
streams draining catchments dominated by different land use in volcanic  
gentle-gradient streams. Only the BoP_IBI differed between land use classes in 
volcanic steep-gradient streams. In all cases where metrics differed between land use 
classes, they were significantly highest in streams draining native forest, and lowest in 
streams draining urban catchments. 
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7 Land use changes represent long-term catchment wide “press” disturbances that 
happen over relatively short periods but reach a constant level that is maintained. For 
example, the original deforestation of the region’s native bush occurred many years 
ago over a relatively short timeframe, but the effects of this are persistent in terms of 
changes to flow regimes, reductions in organic matter inputs, and increased light 
intensity reaching the stream bed. These changes would result in losses of 
invertebrates that are intolerant of these changes, shifting the community to a new, 
stable state. That some biotic metrics differed between streams draining different land 
use is not surprising, and reflects the long-term legacy of past land use changes that 
happened well before monitoring began programme in 1991. Furthermore, land use 
has not changed appreciably since monitoring commenced, so dramatic changes to 
stream health was not expected programme. 

Trends in stream health 

8 Although land use cover has remained relatively constant since 1992, there has been 
an increase in the numbers of dairy cattle, and areas under kiwifruit or avocado in the 
region. These, more intensive farming and horticultural activities are characterised by 
high nutrient losses: indeed the NERMN soil and water quality monitoring programme 
have shown, increases in soil nutrients and nitrate levels in water. 

9 Land use intensification may thus represent “ramp” disturbances, whereby pressures 
such as increased sedimentation or algal blooms from increased nutrients 
progressively increase. Invertebrate communities may change under ramp 
disturbances, with sensitive taxa disappearing. Communities exposed to long-term 
ramp disturbances will eventually be dominated by only the most tolerant taxa. 

10 Trends in the seven invertebrate metrics at each site were assessed to see whether 
this was happening. Most sites displayed changes to only one or two metrics, and only 
one site showed trends to 2 four metrics. These findings imply that the invertebrate 
communities in the monitoring sites was not changing, but fluctuating around a stable 
state. 

Ecological integrity of streams 

11 The degree that invertebrate communities have changed over time was assessed by 
comparing contemporary MCI scores with those predicted in the absence of human 
activities. Streams draining agricultural or urban catchments had the greatest 
differences between observed and modelled (pre-human) MCI scores, while streams 
draining native forest had the least difference. This confirms that agricultural or urban 
land use activities have had a great effect on stream health. 

12 Differences between natural and observed MCI scores were greatest in streams 
draining the volcanic gentle-gradient biophysical class and lowest in streams draining 
the non-volcanic steep-gradient class. This suggests that stream health in the volcanic 
gentle-gradient class is lower than stream health in the other classes, most likely 
reflecting greater land use change in these types of streams. 

13 Changes to MCI scores were compared to modelled changes in water quality such as 
bacterial loads, nutrients (total nitrate and phosphorus), and suspended sediment. Only 
a weak, negative relationship was seen between changes to MCI scores and changes 
in nitrogen concentration. A similar weak and negative relationship was observed 
between changes to EPT richness and phosphorus concentration. Lack of strong 
relationships between changes to invertebrate communities and water quality 
parameters suggests that invertebrate communities are responding to other stressors. 
For example, habitat diversity may be lower in streams draining modified catchments 
through loss of riparian vegetation, stream channel clearing, or straightening. 
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Assessment of plan effectiveness 

14 Part of the Bay of Plenty Regional Water and Land Plan (RWLP) aims to protect 
riparian margins of waterways to mitigate adverse effects of land use activities. 
Because the RMA requires councils to assess the effectiveness of their policies and 
plans, an assessment was made to determine whether riparian protection work 
undertaken by BOPRC has had demonstrable ecological outcomes. 

15 The spatial extent of riparian planting and/or fencing was quantified using GIS to help 
determine the percentage of stream length protected through the Council’s 
environmental protection programmes. If ecological conditions were responding to 
riparian planting, then catchments with more riparian protection would show 
improvements to stream ecological condition, or would have a higher ecological 
condition than streams where environmental protection works have not been done. 

16 A large range of riparian protection was found in the 100 streams assessed, from less 
than 10% in a lowland agricultural stream, to an assumed 100% in catchments 
dominated by native forest. An average of 80% of calculated stream length above each 
sampling location had some form of riparian protection. Twelve streams in agricultural 
catchments also had 100% riparian protection, suggesting a good uptake of riparian 
protection by land owners in these catchments. 

17 Few strong links were found between the degree of riparian protection in streams and 
changes to the invertebrate community composition. Only three metrics (taxon 
richness, QMCI scores, and the BoP_IBI) were correlated to the degree of riparian 
protection, but these relationships all explained less than 10% of the variability. This 
result suggests that any effects of riparian protection on the metrics were, at best, very 
limited. 

18 Potential reasons for the lack of improvements to ecological health reflect the fact that 
small-scale ecological improvements from riparian planting can be overwhelmed by 
large-scale processes occurring in the catchment. These large-scale pressures include 
changes in hydrology, temperature, streambed material, nutrient regimes, and 
introduction of potential pollutants. Furthermore, at least some riparian protection work 
simply involves fencing the margins of streams to exclude cattle. While this will reduce 
bank erosion from trampling and bacterial inputs, fencing alone may not improve 
ecological conditions, especially if habitat conditions and parameters such as 
temperature still limit invertebrate communities. 

19 Ecosystem responses may also take longer than the current study, so ecological 
responses may evident as planting matures, and further protection is provided 
throughout the catchments. Further work is also planned to interrogate the GIS data in 
more detail to obtain information such as riparian buffer width, age, and whether 
enhancement work has involved fencing, or a combination of fencing and planting. 

Recommendations 

20 Recommendations for further work will enhance the value of the stream ecological 
monitoring component of the NERMN programme.  Such work includes: 

(i) Better management and integration of riparian protection assessments, and 
storage in GIS. 

(ii) Initiation of more focussed assessments of riparian protection effectiveness, 
either in a subset of current State of Environment (SoE) monitoring sites, or at 
new sites specifically targeted for this work. 
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(iii) Better understanding of the importance of instream habitat conditions to 
invertebrate communities. 

(iv) Better assessment of catchment pressures occurring above selected SoE 
sampling sites. 
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Part 1:  General Introduction 

Under the Resource Management Act (RMA) 1991, the Bay of Plenty Regional Council 
(BOPRC) has to promote the sustainable management of the region's natural and physical 
resources. Not surprisingly, land use activities associated with forestry, dairying, horticulture 
and urban development can potentially adversely affect lakes, wetlands, streams and rivers 
(hereafter termed ”streams”) throughout the region. These adverse effects are likely to 
increase with intensification of farming, and the projected increase in population growth in 
urban areas. The challenge faced by the BOPRC is to allow the continued economic growth 
within the region whilst minimising further environmental degradation, and loss of intrinsic 
values that freshwater ecosystems bring to the region. 

1.1 Legislative context 

Section 35 of the RMA requires regional councils to monitor: 

 the state of the environment (Section 35 (2)(a), and 

 the effectiveness and efficiencies of policies, rules, or other methods in their 
policy statements or plans (Section 35 (2)(b)). 

The results of this monitoring must be compiled and made available to the public. 

Under the RMA, BOPRC is also responsible for producing a Regional Policy 
Statement (RPS), and Regional Plans that identify issues, set objectives, and 
implement methods and rules to avoid, remedy or mitigate adverse environmental 
effects (Figure 1). An important aspect of regional plans is also to identify 
anticipated results of these statutory processes. The Natural Environment 
Resources Monitoring Network (NERMN) programme was developed to monitor 
state and trends of freshwater environments throughout the region and to provide 
feedback as to the effectiveness of regional plans (Figure 1: Donald 2014). 
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Figure 1 Conceptual flow chart showing how human activities can place 

pressure on freshwater resources and lower their ecological state.  
Solid lines indicate linkages currently in place; dashed lines indicate 
linkages currently being developed as part of the National Policy 
Statement for Freshwater Management work. 

The recently released National Policy Statement for Freshwater Management  
(NPS-FM: MfE 2014) also directs councils to manage fresh water in an integrated 
and sustainable way, and requires councils to set specific water quality and quantity 
limits. These limits are set to maintain specific values and objectives for which a 
particular water body, or part of a water body, is to be managed (Figure 1). The 
NPS-FM sets national bottom lines for two compulsory values under the National 
Objectives Framework (the NOF): ecosystem health and human health for 
recreation. Whether councils are meeting these values depends on their ability to 
measure specific attributes that are relevant to each value. The NPS-FM currently 
specifies the following NOF attributes to assess the compulsory values: 

 algae (periphyton) – lakes and rivers 

 total nitrogen and total phosphorus - lakes 

 nitrate (for toxicity) – rivers 
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 ammonia (toxicity) – lakes and rivers 

 dissolved oxygen (below point source discharges) - rivers 

 Escherichia coli (E. coli) – lakes and rivers 

 Cyanobacteria – Planktonic – lakes and lake fed rivers. 

Four discrete state bands (A, B, C, and D) have been identified for each of these 
NOF attributes, with the bottom of the C band representing the ‘national bottom line’. 
Having these state bands for each NOF attribute gives certainty as to whether the 
desired anticipated results are being met. Where waterways are below these bottom 
lines, they will need to be improved to at least the national bottom line over time. 

The initial compulsory NOF attributes have focused primarily on water quality, with 
the exception of periphyton biomass. Periphyton was included as an attribute 
because it has strong effects on a number of waterway values, including ecological, 
recreational, aesthetic and cultural (Biggs 1985; Biggs 2000), and is also potentially 
responsive to a number of resource uses that can cause nutrient enrichment  
(e.g. point and diffuse discharges of nutrients), or alterations to flow regime (e.g. by 
water abstractions). However, the compulsory national attributes do not yet cover 
any form of ecological monitoring using invertebrates. This was unexpected, 
especially given the fact that indices such as the Macroinvertebrate Community 
Index (MCI) are commonly used by both councils and central government to 
summarise the ecological health of waterways. Furthermore, discrete quality classes 
have already been created for the MCI (e.g. Stark and Maxted 2007), and these 
classes could be regarded as commensurate to the four discrete state bands (A, B, 
C, and D) under the NOF framework. A report by Collier et al. (2014) recommended 
the use of the MCI as a suitable attribute that would currently meet the NOF 
requirements to assess ecosystem health, and this has also recently been 
recommended by the Land and Water Forum (LaWF) in their submission on the 
proposed amendments to the NPS-FM. 

Fulfilling the requirements of the Regional Policy Statement (RPS), Regional Water 
and Land Plan (RWLP), and the NPS-FM -FM can require a large degree of 
monitoring. BOPRC has a NERMN programme that was designed to fulfil many of 
the SoE monitoring requirements under Section 35 of the RMA (Donald 2014). This 
programme can also provide information for setting appropriate objectives for 
different attributes under the NPS-FM (Figure 1). Part of this SoE programme is to 
monitor the ecology of the region's streams over time. Results from the monitoring 
programme can assist in determining whether the objectives of regional plans and 
strategies are being achieved (Figure 1). To do this, it is necessary to ensure that 
sufficient sites are monitored throughout the region covering the representative 
range of the region’s diverse streams. It is also necessary to sample a wide range of 
land use types to ensure that the impact of land use activities can be assessed. 
Furthermore, adequate mechanisms must be in place to ensure that any results of a 
monitoring programme are made available to planners and policymakers to aid in 
the assessment of the effectiveness of their rules. 
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1.2 Report purpose 

This report focusses on the results of the NERMN stream ecological monitoring 
programme that has been running at some sites since 1991 up to the austral 
summer of 2014-2015, when the latest data was available. This represented a span 
of 22 years at some sites. Other sites have only been monitored since the  
mid-2000s, but this still represented at least a 10-year period. Despite the large 
volume of data now available, no reports summarising the results of invertebrate 
monitoring have been published since a report written by Wilding (2001). This 
current report was thus written to address this information gap, and to take 
advantage of the long-term data that has currently been collected by BOPRC over 
time to provide updated information on state and trends in invertebrate health across 
the region. 

A key secondary objective is to report on the effectiveness of policy within the 
BOPRC’s RWLP that focuses on the adoption of sustainable land management 
practices and appropriate planting of riparian areas to stabilise riverbanks and 
improve water quality. A GIS analysis was done to quantify the degree of riparian 
retirement, fencing and planting programme conducted by BOPRC through its Land 
Management Team activities, and the invertebrate data analysed to determine 
whether there have been any demonstrable changes to stream health (as measured 
by invertebrate communities) as a result of these activities. 

1.3 Report outline 

This report is written in six parts. The main body of the report consists of: 

1 An overview of the Council’s freshwater invertebrate monitoring programme 
that describes stream health throughout the region and identifies overall 
drivers of invertebrate community composition. 

2 A summary of the STATE of ecological condition of waterways in the region at 
representative sites. 

3 An examination of long-term changes in stream health over time  
(i.e. TRENDS). 

4 An assessment of the effects of land use changes on stream health  
(i.e. PRESSURES). 

5 An assessment quantifying the effectiveness of rules and methods in 
BOPRC’s RWLP on changes to stream health (as measured by invertebrate 
communities) as a result of Council’s operational land management activities. 

6 A synthesis and conclusions section. 

Much of the work for this report relied on the development of three important 
concepts, including: 

1 Development of a biophysical classification framework for the region. 
2 Identification of appropriate reference sites. 
3 Creation of a new biotic metric to describe stream health. 

These concepts are briefly outlined below and described in detailed in Appendices 1 
to 3. 
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Biophysical classifications recognise the fact that biological communities and 
ecological processes differ between streams. The chosen biophysical classification 
was based on a biophysical classification of geology and slope. This resulted in 
three classes of streams: non-volcanic steep, volcanic steep, and volcanic lowland. 
Streams draining catchments dominated by volcanic geologies will have different 
flow and nutrient regimes than streams draining catchments dominated by  
non-volcanic geology, reflecting differences in infiltration and soil chemistry 
characteristics. Low gradient streams also display different hydrological regimes and 
have different substrate types than streams flowing through steeper catchments, 
and these properties result in different biological communities and processes  
(e.g., Snelder et al. 2004; Suren and Riis 2010). As such, the effects of human 
activities in terms of land use change may not be consistent between these different 
stream types. 

Identification of appropriate reference sites is needed to provide context for the 
results describing the state and trends of ecological health in streams. This is 
important, as a fundamental component of biological monitoring programme is to 
compare ecological conditions of appropriate reference sites not subject to human 
activities to other sites where land use activities have occurred. Without an 
adequate set of reference conditions, results of any monitoring programme are 
generally without context, and results can be open to a wide range of interpretation 
(Meredith et al. 2003; Stoddard et al. 2006). Selection of references sites requires 
quantitative information on factors such as percentage land cover, as streams 
draining catchments dominated by native vegetation are assumed to reflect 
reference conditions. However, any discussion on selection of reference sites also 
needs to be aware that, in many cases, true reference sites do not occur in some 
areas of the Bay of Plenty. As such, the concept of Best Attainable Condition (BAC) 
or Least Disturbed Condition (LDC) sites is discussed, and the use of catchments 
dominated by plantation forest to represent reference sites is recommended. 

A new biotic index, or metric, to describe stream health in the region was created, 
based on comparing biotic indices at test sites to those at reference sites. This 
analysis was done on each of the geology-slope biophysical classes. This metric 
was based on the US Environmental Protection Agency Index of Biological Integrity 
(IBI) protocols (Plafkin et al. 1989), and effectively deals with any effects of natural 
variability on invertebrate communities by normalising all data to conditions in 
reference streams of the same class. The biotic metric that was developed 
performed better than traditional metrics in discriminating between land use 
activities. 

Finally, a summary of the results of all the monitoring data from each site is provided 
in two further Appendices (4 and 5).  Appendix 4 provides a summary of the “state” 
of ecological condition of the monitored waterways in the region, and provides 
information on: 

 Site name. 

 Site identification. 

 Location (in NZTM easting and northing). 

 Stream type (i.e. whether it is soft or hard bottomed). 

 The dominant catchment landuse. 

 The biophysical classification. 
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 Maps showing the location of each stream, and a representative photo 

 Graphs showing the numerical values of calculated biotic indices that 
summarise components of the invertebrate community, and are behind the 
concept of “stream health”. 

Appendix 5 provides similar summaries of any significant trends to the calculated 
biotic indices, where these were observed. For convenience, both these appendices 
have been arranged according to their location, based on the councils division of the 
region into nine Water Management Areas. 



Environmental Publication 2017/01 – State and trends in river health (1992-2014) 
in the Bay of Plenty 7 

Part 2:  Overview of stream health monitoring 
programme 

2.1 Introduction to stream monitoring 

This section provides an overview of BOPRC’s stream health monitoring 
programme, summarises the overall environmental conditions of streams sampled, 
and describes the overall invertebrate community composition in these streams, 
based on the average of all samples collected at each site. It then identifies major 
environmental factors that were responsible for structuring the invertebrate 
communities at each site. 

Under section 35 of the RMA, Regional Councils have “a duty to monitor the state of 
the whole or any part of the environment to the extent that is appropriate to enable 
the local authority to gather information, monitor and keep records of any necessary 
information required to effectively carry out their functions under the act.” State of 
Environment (SoE) monitoring and reporting is designed, amongst other things, to 
provide early warning of environmental problems, and to illustrate where 
environmental management has been effective. It allows councils and communities 
to access information on the state or condition of the environment and key 
environmental pressures, and to assess possible and actual ecological responses to 
these pressures. Ideally, SoE monitoring informs decision-making by helping 
determine the need for further action, and by indicating broadly where policies and 
actions can be improved, or may need review. 

Within the Bay of Plenty regional Council, the Natural Environment Regional 
Monitoring Network (NERMN) has been established since 1989 to, amongst other 
goals: 

“provide a scientifically defensible information on the important physical, chemical 
and biological characteristics of the natural resources of the Bay of Plenty region as 
a basis for the preparation of BOPRC policies and plans, and the monitoring of the 
suitability and effectiveness". 

A key part of this NERMN monitoring is the annual SoE river invertebrate 
monitoring, which has been running since 1991. Collection of this data therefore 
gives us the ability to obtain representative data summarising stream health 
throughout the region, and to detect the presence and direction of any trends in 
stream health over time. 

As part of BOPRC’s NERMN programme, stream invertebrates have been collected 
from sites throughout the region since 1992. Stream invertebrates include larval 
(and occasionally adult) stages of insects, molluscs (snails, bivalves), crustaceans, 
and worms. They are a vital component of food webs in streams, as many 
invertebrates consume plant material such as leaves, wood, and algae, and are 
themselves consumed by fish and birds. They are relatively long-lived, spending 
months to years living in streams. They are also not washed away by small floods 
as easily as algae are. This means that they integrate chemical, physical and 
hydrological conditions over long periods of time. Invertebrates are also not as 
mobile as fish, making it possible to accurately characterise community composition. 
They are also reasonably easy to identify, and their ecological tolerances are 
relatively well known. Thus, the presence or absence of different invertebrates in a 
stream tells us a lot about its ecological condition.  
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Because of this, stream invertebrates are used worldwide to assess the ecological 
condition of waterways (Stark 1985; Rosenberg and Resh 1993; Barbour et al. 
1996; Stark and Maxted 2007). Within New Zealand, they are used by all regional 
councils to assist in their statutory responsibilities for SoE monitoring, and by central 
government to report on national state and trends in river health. 

Monitoring invertebrate communities illustrates the effects of catchment 
development on stream health (Lenat and Crawford 1994; Quinn and Cooper 1997; 
Hall et al. 2001), and can help assess the ecological effects of point source and 
diffuse pollution associated with agricultural activities and urban development  
(e.g., Rosenberg and Resh 1993; Barbour et al. 1996). Adverse effects of land use 
activities on stream invertebrates have been documented worldwide, including 
consistent reporting of reduced ecological condition of streams flowing through 
catchments dominated by agricultural or urban land cover (Paul and Meyer 1996; 
Harding et al. 1999; Walsh 2000; Hall et al. 2001; Suren and Elliot 2004). As the 
ecological condition of a stream decreases, there is a loss of sensitive animals such 
as mayflies and stoneflies, and an increase in animals such as worms 
(oligochaetes), snails and chironomid midges. Within New Zealand, the snail 
Potamopyrgus antipodarum, oligochaetes, midges, ostracods (seed-shrimp), the 
blackfly Austrosimulium and the hydroptilid caddisfly Oxyethira are often the 
dominant invertebrates found in streams flowing through heavily modified 
catchments, particularly in urban areas (Suren 2000; Hall et al. 2001; Maxted et al. 
2003). Sensitive aquatic insect taxa such as mayflies, stoneflies and many 
caddisflies (i.e. Ephemeroptera, Plecoptera and Trichoptera (EPT)) are absent or 
scarce in these streams, resulting in a loss of native biodiversity. Loss of EPT may 
also affect higher trophic levels of the food chain such as fish, many of which 
preferentially consume drifting organisms such as mayflies in preference to bottom 
dwelling snails, worms or midges. Loss of insect diversity within a stream may also 
have implications for terrestrial animals such as birds and spiders that consume 
adult aquatic insects. 

Physical and chemical measures of water quality (usually called “performance 
based standards”) have traditionally been used to assess “stream health”. Such 
measures include physical parameters such as temperature, pH and oxygen, 
nutrient based parameters such as dissolved reactive phosphorus and nitrate 
nitrogen, contaminants such as copper, zinc, or lead, and indicators of bacterial 
contamination such as E. coli. Many of these water quality parameters have been 
selected as compulsory attributes to measure under the recently released National 
Policy Statement for Freshwater Management (NPS-FM), emphasising their 
importance. Although they give us a good indication of overall water quality, they 
only indirectly measure stream health and do not represent biological responses. 
Focussing only on water quality ignores the fact that ecosystems are composed of 
physical, chemical and biological components. The most direct way to understand 
stream health is to monitor biological components. A further challenge with 
monitoring water quality is that many parameters such as dissolved oxygen (DO), 
temperature and pH are highly variable over time, depending on when discharges or 
rain occurs. This is why the NPS-FM requires at least 12 months of water quality 
data to be collected for meaningful assessment. Water quality monitoring also does 
not evaluate biological threats to ecosystem health, such as the presence of 
invasive species, or loss of instream habitat. 
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In contrast, biological communities respond to pressures caused by both natural 
processes and human activities. As a result of these pressures, the numbers and 
types of organisms present in a water body can change, reflecting the resultant 
habitat and water quality of their surroundings. Characterising the composition of 
aquatic communities and comparing these communities to those found in 
unmodified environments makes it possible to determine whether human activities in 
catchments are causing a loss of sensitive organisms, and a decline in ecosystem 
health. 

The current NERMN invertebrate monitoring programme comprises 120 sites 
throughout the Bay of Plenty region to assess state and trends in stream health. 
Results from this monitoring network are also intended to assist in determining 
whether the objectives of regional plans and strategies are being achieved. The 
invertebrate monitoring programme was recently reviewed by Suren (2013) who 
examined features of the programme such as sampling location and frequency, 
what indicators had been measured, and how the data was analysed and stored. 
The review also examined how the information generated by monitoring was fed 
back to planning staff to help them assess the efficiency and effectiveness of rules, 
methods and policy. Based on this review, Suren (2013) made 34 recommendations 
to improve the value of the programme to help the BOPRC meet its statutory 
obligations. Most of these recommendations had been implemented prior to the 
preparation of this current document. 

2.2 Methods 

2.2.1 Monitoring sites and environmental data 

The current NERMN invertebrate monitoring programme comprises 114 sites 
throughout the region. As part of the National River Water Quality Network 
(NRWQN), NIWA also collects annual quantitative samples from a further six sites in 
the region, giving a total of 120 monitoring sites. Five NRWQN sites were in the  
Bay of Plenty region, and one (the Motu River at Waitangirua) was in the Gisborne 
region. However, this site was in the upper part of the Motu River, which flows 
through the Bay of Plenty and out to sea, and so was included in this analysis as 
any changes in stream health in the upper part of this river are likely to affect the 
lower river. 

The location of each of the 120 sampling sites was recorded by GPS (Figure 2). 
This location was plotted onto the River Environment Classification (REC) layer in 
ARC-GIS to ensure spatial accuracy of the data. This was important as some sites 
were located just above the confluence of two waterways, so it was necessary to 
ensure that the correct NZReach had been selected. The REC is based on a digital 
elevation model (DEM) with a 20 m contour that shows the location of waterways 
running through valleys defined by this DEM. A network of waterways is thus built up 
along valleys, with individual segments (called an NZReach) of waterway being 
defined as segments between in-flowing tributaries. Each reach has a unique 
NZReach code, so all sites were matched to this code. The NZReach code was then 
used to link to the Freshwater Environments of New Zealand (FENZ) database to 
provide data on environmental factors such as climate, physical attributes such as 
catchment slope, elevation, distance to sea and catchment area. The FENZ 
database also provided information on certain geological parameters in the 
catchment upstream of each sampling site, such as a proportion of  
phosphorus-bearing material, rocks rich in calcium, or an ordinal scale describing 
the hardness of geological material. This numerical data was used in lieu of the REC 
geological classification, which in the Bay of Plenty was composed predominantly of 
volcanic and non-volcanic material.  
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Analysis has shown that volcanic geology has a high proportion of phosphorus 
bearing rocks, but much lower scale of rock hardness (unpublished data). The land 
cover database (LCDB3) was also used to extract information on the percentage of 
eight major land cover classes above each sampling location: bare ground; exotic 
bush; exotic scrub; horticulture; native bush; pasture; urban and wetlands/lakes. 
Modelled water quality information such as modelled nitrogen load was also 
extracted from the Catchment Land Use for Environmental Sustainability (CLUES) 
data model developed by NIWA and MAF (Semadeni-Davies et al. 2007). This 
model assesses the effects of land use change on water quality (phosphorus, 
nitrogen, sediment and E. coli) and socio-economic indicators, and was created to 
examine different scenarios for land future use development and its effect on water 
quality. 

This information was used to see how such large-scale factors such as climate, 
elevation and distance to sea, as well as more site specific factors such as nitrogen 
loadings were influencing the ecological condition at each site. A total of  
26 environmental factors were thus obtained from databases such as FENZ, LCDB3 
and CLUES. 

 
Figure 2 Map of the 120 invertebrate monitoring sites throughout the  

Bay of Plenty. 
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2.2.2 Invertebrate sampling and processing 

BOPRC invertebrate samples have been collected using three sampling protocols. 
Firstly, quantitative samples were originally collected from 17 cobble-bottomed 
streams (of which 13 were in the eastern Bay of Plenty and four were in the western 
Bay of Plenty). With the exception of 1992, when seven replicate quantitative 
samples were collected, five replicate samples have been collected from these sites 
since 1993. Samples have been collected using a Surber sampler (0.5 mm mesh, 
area = 0.096 m2) as per Protocol C3 (Stark et al. 2001). Samples were initially kept 
separate for an assessment of within-site variability, but have been pooled since the 
austral summer of 2001/2002. Although these 17 sites have not been sampled 
annually, the length of time between consecutive samples is no more two years. 
This means these sites have been sampled between 16 and 18 years, thus 
representing valuable data for detecting long-term changes in ecological condition. 

In 2001, the invertebrate sampling programme was enlarged by a further 101 sites 
throughout the region (Wilding 2001). In particular, streams were targeted in the 
lowland mid and western parts of the region. Some of these were hard-bottomed 
streams (i.e. dominated by cobbles and gravels), and were sampled using a second 
method, based on a modified Protocol C1 (Stark et al. 2001). Here, invertebrates 
were sampled from all habitats within the stream using a kick-net and dislodging the 
streambed material upstream of the net and collecting all dislodged material 
(invertebrates and organic matter) in the downstream net. This differs from  
Protocol C1 in that habitats other than riffles were sampled, as riffles were not found 
in all hard-bottomed streams. 

Many of the streams sampled by Wilding (2001) were soft-bottomed, making 
standard kick-sampling problematic. A third sampling method, Protocol C2 (Stark  
et al. 2001), was used whereby woody debris, submerged logs, aquatic 
macrophytes and other potential invertebrate habitat was sampled in proportion to 
its percentage occurrence. Only a single pooled sample is collected from each site 
for all kick sampling of hard and soft-bottomed streams, so that approximately 1 m² 
of stream bed or organic material is sampled. This is equivalent to approximately 10 
Surber samples. Not all sites have been sampled every year, and no samples were 
collected in the summer of 2009/2010. 

All collected sample material was placed into appropriately labelled plastic bottles 
and preserved (either with iso-propyl alcohol, or ethanol) prior to processing. All 
samples collected using the Surber sampler were processed using methodology 
based on Protocol P3 (Stark et al. 2001) while samples collected using the kick net 
were processed by a modification of Protocol P2, where a fixed count of either 300 
(for samples up to 2011) or 200 invertebrates (2011 onwards) was used. Any 
differences between metrics calculated from either a 200 or 300 fixed count 
methodology were assumed to be negligible (see Duggan et al. (2003) for 
justification of this assumption). 

The six NRWQN sites were all collected by NIWA staff. Here, seven Surber samples 
(0.1 m², 0.25 mm mesh) were used to collect invertebrates from shallow  
(0.2 – 0.4 m), relatively fast flowing (0.6 – 1.0 m/s) areas of cobble and gravel 
substrate. All samples are pooled and processed as a single sample using similar 
techniques and levels of identification as the BOPRC samples. These sites have 
been sampled over a period ranging from 15 years (Rangitaiki at Te Teko) to 21 
years (Motu at Waitangirua and Tarawera at Lake outlet). The NRWQN data thus 
represents a very valuable long-term dataset, especially for trend analysis. All 
samples were processed using a modification of Protocol P3, where all invertebrates 
within each sample were identified and counted, and the percentage abundance 
calculated. 
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2.2.3 Statistical analysis 

Environmental data 

A total of 26 environmental factors were derived from all 120 sites. These data 
described components of the overall environmental condition at each site which may 
have influenced invertebrate community composition, and therefore ecological 
health. In order to reduce the complexity of this data, a Principal Components 
Analysis (PCA) was used to reveal any hidden structure and to identify what the 
major environmental differences were between sites. Prior to the PCA, all factors 
were standardised so that measures with different units could be analysed together. 
The PCA also identified what environmental parameters were responsible for any 
observed gradients. This was done by examining correlation coefficients between 
the environmental factors and the PCA axis 1 and 2 scores. 

Following the PCA, a similarity matrix was calculated to show the similarity of all 
sites to each other, based on their environmental data. The Euclidean distance 
measure was used for this analysis, which measures the “straight-line” distance 
between samples, and is appropriate for physical data. Thus, for example, consider 
three sites, A, B and C. If Sites A and B were generally small, far inland, and 
dominated by native bush, and Site C was a large river close to the coast flowing 
through a catchment dominated by pasture, then the Sites A and B would have a 
very small Euclidean distance measure as all environmental factors would be 
similar. However, there would be a greater Euclidean distance between sites A and 
C, and B and C, reflecting the fact that site C was physically different to the other 
sites. The resultant similarity matrix for all 120 sites thus summarised the similarity 
of all sites to each other, based on their environmental data. This similarity matrix 
was used to compare to a second similarity matrix that was created based on the 
ecological data (see Section 2.2.3 – Ecological Data). Having two similarity matrices 
allowed us to see how well the relationships in the ecological data matrix matched 
up with the patterns in the environmental data matrix. 

Ecological data 

Both the NERMN and NRWQN data sets were examined for consistency between 
taxonomic identifications, both within and between datasets, and over time prior to 
being combined. This procedure resulted in loss of some taxonomic information, as 
taxa such as Chironomidae had been identified to different levels over time. For 
example, in some samples these insects were identified to family level, while in 
other samples they were identified only to subfamily, tribe or generic level. Rare taxa 
(defined as being less than 1% of total abundance, or found in less than 5% of sites) 
were omitted from analysis of state and trends, as their presence reflects more a 
matter of chance, and can lead to spurious results for some statistical analyses 
(Gauch 1986; Scarsbrook 2002). Ten taxa met these criteria, and so were omitted. 

All invertebrate data collected during the annual monitoring was converted to 
percentage data, allowing comparison of samples collected by both the kick net and 
Surber samples. This percentage data was examined for normality, and transformed 
where necessary. In most cases, the fourth root transformation was the most 
appropriate. Where replicate samples had been collected each year, data was 
averaged across all replicates. For an assessment of the ecological state of 
waterways throughout the region, the average percentage abundance at all sites 
over time was calculated. These averages were based on between two and 21 
years of data. A majority of sites (82) had at least 10 years of data. 
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Ordination (Non-metric multidimensional scaling: NMDS) was used to examine and 
explore relationships and patterns in the invertebrate community composition. 
Ordination is a statistical method used in exploratory data analysis to search for 
patterns in data, such as being done here, rather than in testing specific hypotheses. 
It orders objects (in this case individual sampling sites) that are characterised by 
values of multiple variables (in this case the percentage abundances of the different 
invertebrates at each site) so that similar sites are located near each other on an  
x-y graph, and dissimilar sites are located farther from each other. The first step in 
an ordination is to calculate a similarity matrix of all sites to each other. The  
Bray-Curtis similarity measure was used for this analysis. This measure results in 
scores ranging from 0 (i.e. two sites having no species in common) to 1 (i.e. two 
sites having exactly the same species composition). An NMDS ordination was then 
run on this similarity matrix to examine relationships between all the individual sites. 
NMDS produces a statistical score (called stress) that indicates the strength of the 
resultant ordination. Stress values greater than 0.3 indicate the resultant sample 
configurations are no better than arbitrary (i.e. there are no underlying patterns to 
the invertebrate community composition at each site). This would occur where the 
invertebrate communities do not differ greatly between streams, as may occur if the 
community is dominated by taxa with wide ecological tolerances. Under such a 
scenario, no differences would be expected between streams flowing through native 
forest or through pasture. Generally speaking, sample configurations should not be 
interpreted unless the stress value is less than 0.2 (Clarke and Gorley 2001). 

The two similarity matrices based on environmental and ecological data were 
examined to determine how well they matched each other. Thus, if invertebrate 
communities were structured by the environmental variables, then a strong 
correlation would exist between the two similarity matrices. If, invertebrate 
communities were responding to other non-measured environmental variables, no 
strong correlation would exist. This analysis used the RELATE command in Primer 
(Clarke and Gorley 2001), which calculates the Spearman rank correlation between 
the two similarity matrices Following this, relationships between environmental 
variables and ecological communities were examined using the BEST procedure in 
Primer. This procedure determines which environmental variables were responsible 
for observed patterns to the invertebrate data. Because of the large number of 
environmental variables (26), we used a stepwise approach for this analysis, 
whereby the BEST procedure iteratively added or removed variables and selected 
only those which explained the highest degree of variation to invertebrate 
communities. This analysis was complemented by a regression analysis of 
environmental variables against the NMDS axis scores.  

2.3 Results 

2.3.1 Summary of physical conditions 

Stream catchment area varied by a factor of almost 12,000 fold, from 0.2 to  
2,883 km2 (Table 1). Most catchments were, however, relatively small (median size 
= 125 km2). Most sites were also relatively close to the sea (median distance  
= 25 km), and were generally low (median elevation = 108 m). Maximum catchment 
elevation was also relatively low (515 m), emphasising the lack of high mountains in 
the region. Climatic variables such as average January air temperature differed only 
slightly between streams (Table 1), and rainfall varied by only a two-fold difference. 
These results suggested that climatic conditions in the region were reasonably 
similar. In contrast, stream hydrology, and particularly the magnitude of the mean 
annual low flow varied widely between sites. This reflected the large range of stream 
sizes sampled, as stream order ranged from first to seventh. Most streams (64%) 
were third order or less, and only 10% of streams were greater than fifth order.  
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Median MALF values were all relatively low (c. 1.2 m3 s-1: Table 1), emphasising the 
small size of many of the streams sampled. As expected, land cover varied greatly 
between sites, with a maximum cover of 100% for native forest/native vegetation, 
and pasture. Average substrate size varied greatly between streams, ranging from 
sand through to large cobbles and boulders (Table 1). 

Table 1 Summary of physical conditions in the 120 streams sampled 
throughout the Bay of Plenty region showing the median minimum, 
and maximum values for each environmental variable. 

Variable type Abbreviation Full description Median Min Max 
Catchment Area Catchment area (km2). 125.1 0.2 2883.3 
 Avg_Seg_Elev Elevation. 108.3 0.8 515.0 
 DistSea Distance to the sea. 25.0 0.5 104.0 
 Order Stream order. 3.2 1.0 7.0 
 SegSlope Average slope. 0.6 0.0 2.9 
 CatSlope Average catchment slope. 11.3 1.5 28.3 
Climate SegJanAirT Average January air temperature. 18.3 16.4 18.9 
 USDaysRain Annual catchment rain days 

greater than 25 mm. 
18.3 10.2 23.9 

Habitat ReachHab Modelled habitat complexity 
(Clapcott). 

4.0 3.4 4.4 

 ReachSed Modelled reach sediment size. 3.2 1.3 5.0 
 Shade_Cat Modelled historic shade. 46.0 0.0 100.0 
Hydrology FRE3 Frequency of floods greater than 

3 x the median. 
12.5 1.8 18.5 

 SegFlow Segment mean annual flow  
(A. Mckerchar/C.Pearson). 

4.4 0.0 81.4 

 SegLowFlow Segment mean annual low flow at 
site (A. Mckerchar/C.Pearson). 

1.2 0.0 23.5 

Geology USHard Ordinal scale of upstream 
catchment with hard geology. 

2.3 1.06 4.0 

 USPhos Ordinal scale of upstream 
catchment with phosphorus rich 
geology. 

1.9 0.97 3.7 

 USCalcium Ordinal scale of upstream 
catchment with calcium rich rocks. 

1.8 0.96 2 

Landcover Bare_Ground % of catchment in bare ground. 0.2 0.0 14.0 
 Exotic_Bush % of catchment in exotic bush 

(pines). 
16.4 0.0 97.0 

 Exotic_Scrub % of catchment in exotic scrub. 0.7 0.0 18.0 
 Hort % of catchment in horticulture. 3.9 0.0 66.0 
 Native_Bush % of catchment in native 

vegetation - forest, scrub, 
tussock. 

43.6 0.0 100.0 

 Pasture % of catchment in pasture. 31.5 0.0 100.0 
 Urban % of catchment in urban areas. 2.3 0.0 97.0 
 Water/Wetlands % of catchment in wetlands or 

lakes. 
1.2 0.0 34.0 

Water 
Chemistry 

SegCluesN Segment of estimated CLUES 
nitrogen concentrations. 

0.9 0.1 5.9 
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Thus, the programme sampled a wide range of stream types (Figure 3), which 
differed in factors such as substrate size, stream size and land cover. Given this 
wide range in stream types, it was expected that the invertebrate communities would 
also vary. One of the aims of this section was thus to discover and describe linkages 
between the environmental variables and invertebrate communities. 
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Figure 3 Examples of the large variability on stream type sampled throughout the region, showing streams with different substrate 

sizes, stream size and land use. 
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The first two axes of the PCA of environmental data explained 36% of variability in the data. 
A major gradient along the PCA axis 1 was related to distance to sea, slope, catchment area, 
January air temperature and hydrology (including flood frequency and flow (both median and 
low flow)). Land cover was not identified as a major driving gradient along this axis, as only 
the % of catchment in horticulture was correlated to this axis. In contrast, PCA axis 2 
appeared to represent gradients in land cover, as well as stream hydrology, catchment area 
and CLUES N yield (Figure 4). These results suggested that physical conditions in the  
120 sites were influenced mostly by inherent characteristics of the sites such as catchment 
area, elevation, slope and distance to the sea, followed by hydrological factors (mean annual 
flow and mean annual low flow), and local habitat factors. Other factors such as land cover, 
climate, geology and water chemistry also represented environmental gradients between 
sites, but were of less importance. 

 
Figure 4 Results of a PCA of the standardised environmental data collected 

from the 120 sites throughout the Bay of Plenty. Also shown are the 
environmental factors which were significantly correlated to the PCA 
axes 1 or 2 scores. 

2.3.2 The invertebrate communities 

A total of 135 invertebrate taxa were identified from the 120 streams. This fauna was 
numerically dominated by chironomid midges, the common freshwater snail 
Potamopyrgus antipodarum, the leptophlebid mayflies Zephlebia, Deleatidium, and 
Austroclima, black flies (Austrosimulium), the caddis flies Aoteapsyche and 
Pycnocentrodes, and Elmid riffle beetles. In total 17 taxa were found with relative 
abundances of greater than 1% (Table 2). Thirty-seven taxa had relative 
abundances ranging from 0.1 to 1%, and 81 taxa had relative abundances <0.1 %. 
Three taxa (chironomid midges, Austrosimulium, and Potamopyrgus) were found at 
all sites while a further seven taxa were found in >90% of sites (Table 2). The 
majority of taxa (102) were found between 5 and 90% of samples, while 23 taxa 
were found in less than 5% of the samples. 
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These results emphasise that most of the taxa encountered were widespread 
throughout the region, and that the fauna was characterised by a core assemblage 
of only a few dominant taxa. 

Table 2 List of common invertebrate taxa (with mean abundance greater than 
1%) and the percentage of samples that they have been found in of 
the combined NERMN and NRWQN invertebrate data sets collected 
from the 120 rivers in the region. 

Taxa Mean % abundance Number of samples 

Chironomidae 16.07 120 

Potamopyrgus 15.96 120 

Zephlebia 7.16 117 

Deleatidium 7.07 99 

Aoteapsyche 5.32 85 

Austrosimulium 4.92 120 

Austroclima 4.80 113 

Elmidae 3.95 111 

Pycnocentrodes 3.63 96 

Oxyethira 3.58 111 

Coloburiscus 2.96 94 

Paratya 2.92 77 

Triplectides 2.71 110 

Zelandobius 1.79 103 

Orthopsyche 1.56 68 

Pycnocentria 1.43 95 

Oligochaeta 1.23 117 
 
The overall mean taxonomic richness per site was 44. The lowest mean number of 
taxa (17) was found in the Oturu Creek, a slow flowing stream flowing into the  
Te Puna Estuary just west of Tauranga. The highest mean taxon richness (63) was 
found in the Owairoa Stream, which drains a catchment dominated by native forest 
near Te Puke. 

The NMDS ordination of all invertebrate data averaged over time at all sites had a 
relatively low stress score of 0.15, suggesting that invertebrate community 
composition in the region differed between individual study sites, despite the fact 
that the communities were dominated by a set of core taxa. 

Environmental data was correlated against the NMDS axis 1 and axis 2 scores to 
determine how invertebrate communities responded to different environmental 
factors (Figure 5). Axis 1 scores were most strongly correlated to predicted sediment 
size, followed by land cover (especially native bush and pasture, and a lesser extent 
horticulture and exotic scrub), modelled instream habitat quality, and estimated 
CLUES N concentrations (Table 3). Other important environmental factors included 
hydrological factors (median and low flow), and catchment size (Table 3). Thus, 
samples with high axis 1 scores flowed through modified catchments with high 
predicted CLUES N concentrations. Samples with low axis 1 scores were generally 
from large streams that drained inland, steep catchments dominated by native bush. 
These streams had large substrates and good instream habitat. 
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Axis 2 scores were positively correlated with elevation, and the % of exotic scrub in 
the catchment. Streams with high axis 2 scores were also generally steep, and 
shaded. Streams with low axis 2 scores were from large catchments with a high 
January air temperature, and had high median and low flows (Figure 5; Table 3). 

 
Figure 5 Results of the NMDS plot of the average of all invertebrate data 

(expressed as percentages) collected at all 120 sites over time 
showing which environmental variables were highly correlated to axis 
1 and axis 2 scores. Variable names in bold were those identified in 
the BEST analysis as structuring invertebrate communities (see text). 

Table 3 Results of the regression analysis of environmental factors against 
the ordination scores, showing which environmental factors had 
significant positive or negative correlations. Also shown is the r2 value 
of each regression. 

Ordination axis Positive r2-value Negative r2-value 
Axis1 Pasture 0.598 ReachSed 0.649 

 SegClues 0.458 Native_B 0.613 
 Hort 0.259 ReachHab 0.523 
 Exotic_S 0.254 SegFlow 0.263 
 Urban 0.22 area_sqk 0.247 
   SegLowFl 0.245 
   SegSlope 0.232 
   DISTSEA 0.185 
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Ordination axis Positive r2-value Negative r2-value 
Axis 2 Shade_Ca 0.324 SegJanAi 0.314 

 Avg_Seg_ 0.302 area_sqk 0.309 
 SegSlope 0.293 SegFlow 0.304 
 Exotic_S 0.227 SegLowFl 0.294 
 

The RELATE analysis showed that similarity matrices based on environmental or 
ecological data were highly correlated (Spearman rank correlation coefficient  
= 0.298, P <0.001). This suggests that invertebrate communities were structured by 
the measured environmental variables. The BEST procedure identified six variables 
responsible for the observed patterns in the invertebrate data (Figure 5). Three of 
these were based on land cover, and a fourth (modelled CLUES_N values) was also 
related to land cover. The other two variables (January air temperature and reach 
sediment) most likely reflected inherent climatic and geological differences between 
the streams. 

Correlations of NMDS axis scores against major invertebrate groups showed that 
samples with high axis 1 scores were characterised by a high diversity of snails, 
crustacea and beetles, while samples with low axis 1 scores were characterised by 
caddisflies, mayflies and stoneflies. Samples with high axis 2 scores were also 
characterised by true flies (Diptera), caddisflies, mayflies, and stoneflies, as well as 
beetles and crustaceans (Figure 6). These results suggest that invertebrate 
communities within the Bay of Plenty are structured by a mixture of land use activity 
and, other factors such as location within a catchment, stream size (and flow), 
substrate size and overall habitat diversity. 

 

 
Figure 6 Results of the NMDS plot of the average of all invertebrate data 

(expressed as percentages) collected at all 120 sites over time 
showing which invertebrate groups were highly correlated to axis 1 
and axis 2 scores.  
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2.4 Discussion 

This part of the report has focused on characterising the invertebrate communities 
found in the 120 waterways throughout the Bay of Plenty region. This is the first 
such assessment since the last SoE report, some 15 years ago (Wilding 2001). 
Most of the waterways surveyed were relatively small, which arguably provides a 
more robust methodology to assess the impacts of land use activities on stream 
health. This is because smaller waterways are in more intimate contact with the 
surrounding catchment (Hynes 1975) and are thus affected more by riparian 
conditions than larger rivers (Ministry for the Environment 2001; Quinn et al. 2001). 

The ordination, and results from the BEST analysis showed that land use was a 
major driver of invertebrate communities. This finding is consistent with other studies 
examining the effects of land use on invertebrate communities throughout  
New Zealand. These studies have shown that stream ecological condition is 
generally highest in native forest, intermediate in forestry streams, and lowest in 
pasture and urban streams (Hall et al. 2001; Harding and Winterbourn 1995; Quinn 
et al. 1997), so this result was not surprising. 

The mechanism behind land use changes affecting stream health most likely reflects 
changes to smaller scale factors such as shade, organic matter inputs, flow regimes 
and water chemistry (temperature, dissolved oxygen, nutrients: see Allan 2007). 
Many of these factors are themselves highly inter-correlated (Figure 7). For 
example, removing stream shade increases stream temperature (Rutherford et al. 
1997) which in turn can increase algal biomass. Removing trees will also alter the 
frequency, quantity and timing of organic matter inputs into a stream (Benfield 1997; 
Scarsbrook et al. 2001). Coarse organic matter such as logs and branches are 
important instream habitat, especially in soft bottomed streams where they play key 
roles in structuring not only the physical and hydrological environments  
(Trotter 1990; Hilderbrand et al. 1997), but also in providing valuable habitat for fish 
and invertebrates (Bilby and Likens 1980; Collier and Smith 2003). Leaves and 
twigs are also quickly colonised by fungi and bacteria, which increases their 
palatability to many invertebrates which then consume these rotting leaves (Rounick 
1982; Rounick and Winterbourn 1983). Thus converting forested catchments (either 
native or pine plantation) to pasture can have dramatic effects on invertebrate 
communities arising from changes to energy inputs into streams, and changes in 
habitat conditions. 

Removal of trees will also alter stream flow regimes (Dons 1987; Fahey and  
Rowe 1992). In particular, pasture streams experience increased flood peaks and 
mean annual catchment yields, as well as increased summer base flows (Duncan 
and Woods 2004). This reflects the absence of tall vegetation which intercepts 
rainfall before it reaches the ground. Most rainfall falling onto pasture catchments 
will quickly enter the soil water via infiltration, or flow across the surface of the 
catchment into the stream, leading to higher flood flows. These higher flood flows 
may increase erosion, bank undercutting and collapse - especially in pumice 
dominated catchments. 
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Figure 7 Diagrammatic representation of links between environmental factors 

that are affected either directly or indirectly by land use change - in 
this case removing trees from a catchment. Such an activity would be 
expected when converting native forest or pine plantation to pasture. 

Our analysis also showed that invertebrate communities were regulated by factors 
such as stream flow, flood frequency, and small-scale factors such as sediment 
size, and stream habitat. The effect of flow regimes on stream ecosystems is  
well-known, and invertebrate communities are controlled by both high and low flows. 
Flooding can, for example, greatly reduce invertebrate populations in rivers 
(Scrimgeour and Winterbourn 1989), and streams that flood frequently often support 
different invertebrates compared to streams that flood less often (Death 1995; 
Clausen and Biggs 1997; Greenwood and Booker 2015). Part of this is due to the 
different abilities of invertebrates to tolerate high flows. 
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For example, Holomuzki and Biggs (1999) showed that densities of the snail 
Potamopyrgus were inversely related to flood frequency, and that lake-fed streams 
or low-gradient streams with fewer, less severe floods had higher snail densities 
than high-gradient streams with more frequent floods. The mayfly Deleatidium in 
contrast is numerically common even in streams that flood frequently (Sagar 1986), 
due to its high resilience to floods. 

Substrate size was also identified as an important small-scale factor influencing 
invertebrate communities, and this is not surprising given the number of studies 
highlighting the importance of this variable to invertebrates (Collier et al. 1998; 
Death 2000; Biggs et al. 2001). Streams within the Bay of Plenty exhibit large 
variation in substrate size. Many streams draining volcanic low elevation areas have 
substrates dominated by fine pumice sands, while streams in steeper non-volcanic 
catchments are dominated by larger cobbles, boulders and bedrock. 

The analyses also identified estimated CLUES nitrogen load as an important factor 
influencing stream health. This is not likely to reflect a direct toxic effect, as the vast 
majority of sites (114) had predicted nitrate concentrations less than 2.4 mg  
NO3-N /L, the recommended guideline value for the protection of 95% of species in 
slightly to moderately disturbed systems for chronic exposure (Hickey 2013). 
However, 45 streams had predicted CLUES nitrogen concentrations greater than 
0.8 mg/L – a level recently suggested above which algal blooms can form and 
adversely affect stream ecological values (Death 2013). Thus, as nutrient levels 
increase, so does the likelihood of algal blooms, which can lead to the loss of 
sensitive taxa such as mayflies, caddisflies and stoneflies (Suren and Riis 2010). 
This may explain the positive correlations between CLUES N load and axis 1 
scores, as these sites were generally found in highly modified catchments. They 
also had generally low abundances of sensitive taxa such as mayflies, caddisflies 
and stoneflies. However, many of these streams also have fine substrates, so algal 
blooms may not occur in these continually moving streambeds. BOPRC has recently 
commenced a periphyton monitoring programme throughout the region (Suren and 
Carter 2016) which will enable links between increased nutrients and increased 
algal cover to be clarified. 

The results of this analysis clearly show that invertebrate community composition 
(and by default stream ecological health) throughout the region is controlled by a 
range of environmental factors operating at different spatial scales. Due to the highly 
interlinked nature of many of these factors, it is difficult or potentially impossible to 
identify a single cause of degradation to stream health. Indeed, the task of 
identifying a dominant driver of stream health is akin to Lewis Carol’s fictitious 
“Hunting of the Snark”: a potentially unfulfilling search for an unobtainable quest. 
Recently, Piggott et al. (2012) highlighted the importance of multiple stressors such 
as nutrients, sediment, and increased temperature on stream ecosystems. They 
found that although algal communities responded mainly to stressors acting 
individually, the invertebrate community responded mostly to pairwise stressors, or 
interactions between stressors. Given the wide variety of streams and human 
activities occurring across the region, it is highly likely that individual streams will 
respond in their own manner to different stressors. Stream health in one waterway 
may decline as a result of increased nutrients leading to algal blooms which then 
displace sensitive taxa, whereas stream health in another waterway may decline as 
a result of increased bed movement and bank erosion arising from alterations in the 
flow regime due to land use changes. What is clear, however, is that this complex 
interaction of factors appears to have caused relatively large changes to the 
invertebrate communities throughout the catchment, and altered their relative 
abundances. 
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The challenge is, therefore, to identify this mixture of factors and see what 
management interventions can be implemented to reduce the adverse effects of 
land use change, and improve stream health where it is deemed necessary to do so 
to meet any specific management objectives. For example, provision of sufficient 
riparian vegetation around small waterways flowing through pasture areas has 
potential to help ameliorate any adverse effects associated with loss of overhead 
shade, increased nutrient inputs and stream temperatures, and potential increased 
algal blooms (Parkyn 2004). However such management strategies would only 
succeed in relatively small streams where interaction between riparian vegetation 
and aquatic ecosystems is greatest. 
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Part 3:  State of stream health in the Bay of Plenty 

3.1 Introduction 

This section reports on the current state of invertebrate communities in the region, 
and more specifically reports how ecological condition differs between streams 
draining different land uses. As stream ecological conditions reflect a mixture of 
natural and human activities, a brief overview of pressures in the region is 
presented. 

The Bay of Plenty is located in the mid-region of the east coast of the North Island of 
New Zealand, running from Cape Runaway in East Cape to Waihi Beach in the 
west. It covers a land area of approximately 12 231 km2, and extends inland up to 
130 km to the headwaters of the Rangitaiki River, and also includes the Rotorua  
Te Arawa lakes. The region has a population of approximately 268,000 (Census 
2013), and this is expected to increase by 26% in 2021. As its name suggests, the 
Bay of Plenty is rich in natural resources, and has large areas of native forest and 
scrub, (occupying about 43.6% and 5.1% of the region respectively), plantation 
forestry (18.9%), pasture agriculture (including dairy, sheep and beef, and 
cropping:20.4%) and horticulture (mostly kiwifruit or avocados: 2.5%). Horticulture, 
cropping and dairying in particular are located on fertile land in the western Bay of 
Plenty and on low-lying coastal plains, while forestry dominates the less fertile areas 
in the south and south-east. Large areas of native bush occur along the south 
eastern ranges and the Kaimai Ranges to the west of Tauranga. The region is well-
known and valued for its freshwater resources, particularly the Rotorua Te Arawa 
lakes. For example, this region has the highest number of angler days of lakes in  
New Zealand, and the highest number of angler days of streams within the  
North Island (Unwin 2009). 

Agricultural and urban activities in the region are supported to a large extent by 
irrigation. For example, there are over 1,000 consents to take water from streams 
and rivers, lakes and groundwater in the region. High water abstraction in local 
areas can have environmental impacts, and can reduce the reliability of supply to 
other water users in the area. Groundwater abstractions can also sometimes have 
adverse impacts on stream flows, especially in aquifers that are closely linked to 
surface waters. There are also nearly 430 currently consented discharges of 
contaminants to water from a range of agricultural or industrial activities, as well as 
from stormwater, or wastewater treatment plants. A number of these are relatively 
large point-source discharges, such as the AFFCO freezing works and the Te Puke 
wastewater treatment plant that discharge into the Kaituna River. Small municipal 
wastewater treatment plants include Murupara and Edgecumbe, which discharge 
into the upper Rangitaiki River, and the Omeheu Canal in the lower Rangitaiki Plains 
respectively. There are also numerous consented discharges of dairy shed effluent 
to land, and these diffuse discharges have been implicated in the increasing trend of 
nitrate in the upper Rangitaiki River (Boubee et al. 2009). Both point-source and 
diffuse discharges are likely to have potential adverse effects on freshwater 
ecosystems. 
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Eight large hydroelectric dams operate within the region, with four (Kaimai 5,  
Lloyd Mandeno, lower Mangapapa and Ruahihi) draining the Kaimai Ranges in the 
western Bay of Plenty, and another four (Aniwhenua, Flaxy, Matahina and Wheao) 
in the Rangitaiki catchment, in the central part of the region. Together these eight 
dams have a combined capacity of approximately 190 MW. The ecological effects of 
hydro schemes on aquatic ecosystems are well-known (Henriques 1987; Young  
et al. 2004). For example, dams alter the downstream transport of sediment and 
nutrients, and also affect downstream flow regimes, often with large ecological 
effects (Lessard et al. 2012). Dams also interrupt the ability of many of  
New Zealand’s native fish to freely migrate between the ocean and the headwaters, 
although this is often minimised by systems of manual trap and transfer. 

Freshwater ecosystems in the region are thus exposed to multiple pressures 
associated with land use changes, abstraction, point source and diffuse discharges 
and in some cases the effects of hydroelectricity generation. As part of assessing 
the effect of such pressures on stream invertebrate communities, it is important to 
group streams according to natural overarching environmental factors that constrain 
ecological and water quality conditions. These groups are based on a spatial 
classification of waterways according to their dominant geology and catchment 
slope (Snelder et al. 2016) which explained a high degree of variability to water 
quality parameters, and invertebrate communities. This classification reflected the 
importance of geology in influencing both water quality and flow within the region, 
and of slope being a powerful driver of local stream hydraulics and velocity. Use of 
the geology-slope biophysical classification resulted in the creation of three major 
classes: non-volcanic steep-gradient streams, volcanic steep-gradient, and volcanic 
low-gradient streams (See Appendix 1). This biophysical classification was 
subsequently used for all assessments of ecological state within each class. 

3.2 Methods 

3.2.1 Quantifying the current state 

Stream ecological health was assessed to determine both its current state and the 
effects of land use changes. The ecological status of streams was assessed based 
on the composition of invertebrate communities collected at each site over time. 
This data includes information describing what types of invertebrates are found, and 
their relative abundance. To simplify the large amount of data collected during the 
monitoring programme, stream ecologists summarise this data using biological 
metrics: individual numbers that express key components of the invertebrate 
communities. Biological metrics allow us to measure the degree that stream health 
has changed. A useful part of metrics is that they have been divided into discrete 
bands to represent different levels of stream health. For example, high values of 
some indices indicate healthy streams, whilst low values indicate streams in poor 
condition. 

A number of biological metrics currently exist, including the Macroinvertebrate 
Community Index (MCI) and its quantitative variant (the QMCI), as well as the 
number or percentage of EPT (Ephemeroptera (mayflies), Plecoptera (stoneflies), 
Trichoptera (caddisflies)) taxa in a sample. These metrics were developed in other 
parts of the country, and although they have been widely used by stream ecologists 
and resource managers, the specific bands representing stream health classes may 
not be applicable to the Bay of Plenty. Because of this, a specific metric for the  
Bay of Plenty was developed to summarise stream health throughout the region 
(see Appendix 3), the “Bay of Plenty Index of Biotic Integrity” (BoP_IBI). 
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This index relied on the following steps in its creation: 

 Development of a biophysical classification (Appendix 1) to group streams into 
similar classes that were controlled by similar large-scale environmental 
factors (geology and catchment slope). 

 Selection of appropriate reference sites within each biophysical class so that 
conditions in non-reference (i.e. test) streams could be compared to conditions 
in the relevant reference streams (Appendix 2). This effectively “normalised” 
changes in ecosystem condition that reflect natural large-scale environmental 
factors not associated with land use changes. 

 Identification of specific metrics that respond to land use changes within each 
biophysical class, and calculation of the ratio of these metrics between each 
stream and the average reference condition stream. These ratios were 
allocated to specific percentile bands which were assigned individual scores, 
which were then summed to create the BoP_IBI (Appendix 3). 

The BoP_IBI displayed the strongest responses to land use gradients in each 
biophysical class, whereas other metrics did not discriminate as well. The number of 
sites assigned to one of four stream health classes also differed between streams 
when assessed using the MCI, QMCI, or the BoP_IBI. The MCI in particular 
underestimated the number of streams in either the Fair or Poor condition classes 
when compared to the QMCI or BoP_IBI (see Appendix 3). As such, the BoP_IBI 
was considered the ideal candidate for use in future analysis of state and trends of 
stream health throughout the Bay of Plenty. However, given the widespread use of 
other metrics, and in the interests of potential comparisons to other regions, these 
other more commonly used metrics were also reported.  

Seven biological metrics were thus calculated for each site (Taxon richness, MCI, 
QMCI, EPT-richness, % EPT-richness, % EPT-density, and the BoP_IBI). This 
information is presented in summary form in Appendix 4 that shows the long-term 
average of each of the seven biotic metrics at each site relative to other sites in the 
same biophysical class. For ease, these sites are presented on the basis of the 
different Water Management Areas that BOPRC has divided the region up into. 

Differences between these metrics in streams draining the four dominant land use 
categories (native forest, exotic plantation forest, agriculture1 and urban) within each 
of the three geology-slope biophysical classes were then quantified. A repeat 
measures ANOVA was used for this analysis. This method was chosen as the same 
streams were sampled over time in each of the different land use categories. The 
repeat measure ANOVA showed whether there was a difference in each of the 
measured biotic metrics between streams in different land use classes, and over 
time. 

Because some sites were not sampled every year, and because the ANOVA model 
required no missing data, some years were omitted from this analysis. Thus, for 
non-volcanic streams, only six years of data from the 11 stream sites were 
analysed. In contrast 11 years of data were analysed from the 47 volcanic  
gentle-gradient, and volcanic steep-gradient stream sites. 

                                            
1 Dominant land use categories are based on the River Environment Classification Database (REC), 
which recognises four land cover classes (native forest, exotic forest, pasture and urban). The REC 
classifies land cover above every NZReach segment based what is the dominant cover, or, in the case 
of “pasture” or “urban” streams, when the % of the catchments is >20% or 5% respectively. Note also 
that the REC term “pasture” includes all forms of agriculture, so for this report we have used this latter 
term to reflect the large area of crops and horticulture in the region.  
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Where significant “time” effects were found, the non-parametric Mann-Whitney test 
was used to see whether these temporal differences were indicative of either a 
positive or negative trend, or instead just represented random temporal fluctuations. 
The Mann-Whitney test is non-parametric, and so does not require the data to be 
normally distributed. It is an effective test to determine whether particular Y-values 
(e.g. MCI scores, number of EPT taxa, the BoP_IBI) tend to increase or decrease 
with time (X-values). The level of significance for this analysis was set at 5%  
(i.e. 0.05). 

The NERMN data consists of two datasets: 

1 Quantitative samples collected from 23 sites, of which 17 were sampled 
between 1991–2008 and 6 were NIWA NRWQN sites sampled annually since 
1989, 

2 Semi-quantitative data from 116 sites which have been nominally collected 
more or less annually since 2001. 

These datasets could not be analysed together because of the large number of 
missing years in the combined data. Moreover, examination of the data within each 
dataset showed many instances where some sites were not sampled every year. 
For example, no invertebrate sampling was conducted in 2009/2010 due to staffing 
issues. This meant that in some years there was too much missing data and so 
these years were omitted from the analysis of the state of ecological condition 
throughout the region. This was particularly pertinent to samples in the non-volcanic 
steep-gradient class, where missing samples were recorded between 2002  
and 2014. 

3.3 Results 

3.3.1 Assessment of ecological state 

A repeated-measures ANOVA was used to see how the ecological condition of 
waterways (expressed by the seven metrics) differed between land use classes 
within each geology-slope class, and how these metrics differed over time. The 
repeated measures ANOVA also calculated the land cover x time interaction effect. 
This allowed us to see whether stream health was changing in inconsistent ways 
over time between the individual land cover classes within a particular stream 
biophysical class. For example, stream health may have remained stable in streams 
draining native forest, but may have declined in streams draining pastoral 
catchments. 

3.3.2 Non-volcanic steep-gradient streams 

A total of 11 stream sites had been sampled from the non-volcanic, steep-gradient 
biophysical class. Eight of these were classified as draining catchments dominated 
by native forest, while two streams drained catchments dominated by agriculture. A 
single stream drained a catchment dominated by exotic forestry. Because of missing 
data, only six sampling periods between 2004 and 2014 were analysed from these 
11 streams. Repeated measures ANOVA showed significant differences between 
the calculated biotic metrics and land use for only taxonomic richness, and the 
BoP_IBI (Table 4). 

Here, both metrics were higher in streams draining catchments dominated by native 
forest (Figure 8). Calculated QMCI scores and the percentage abundance of EPT 
taxa differed significantly over time (Table 4), although the Mann-Whitney test 
showed that there were no trends in these temporal differences (Figure 9). 
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Table 4 Results of repeated measures ANOVA showing differences in 
selected biotic metrics in non-volcanic steep streams (n=11) between 
the different land use categories, year, and the interaction between 
land use and year. Where significant effects were detected, the 
ensuing P-value has been given; n.s. = non-significant results  
(i.e. P >0.05). 

Biotic Metric Land use Year Land use × Year 

Taxon richness F = 6.84, P = 0.02 n.s. n.s. 

MCI n.s. n.s n.s. 

EPT_r n.s. n.s n.s. 

%_EPT_r n.s. n.s n.s. 

QMCI n.s. F = 2.87, P = 0.02  

%_EPT_n n.s. F = 2.98, P = 0.02 F = 2.23, P = 0.04 

BoP-IBI F = 4.99, P = 0.04 n.s. n.s. 
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Figure 8 Box plot of taxonomic richness and the BoP_IBI score on six 

sampling occasions between 2004 and 2014 for 11 stream sites in 
the non-volcanic steep-gradient stream class showing differences in 
scores between streams draining catchments dominated by native 
forest (n = 8), exotic forest (n = 1) and agriculture (n = 2). Box plots 
show the median value (horizontal line), plus the upper and lower 25th 
and 75th percentiles (bound boxes), plus the observed maximum and 
minimum scores (whiskers) calculated as the 1st or 3rd quartile +/-  
1.5 x the interquartile range). Points outside the whiskers are 
considered extreme outliers of the data. 
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Figure 9 Differences in the QMCI score and percentage of EPT taxa for  

non-volcanic steep-gradient stream sites (n=11) in different land use 
classes (mean + 1 SE).  
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3.3.3 Volcanic gentle-gradient streams 

A total of 47 volcanic gentle-gradient stream sites had been sampled since the 
austral summer of 2002. The vast majority of sites here (34) were from catchments 
dominated by agriculture. Six of these streams drained catchments dominated by 
native forest, and four were from catchments dominated by exotic forests. Three 
streams were from urban catchments: the Wainui Te Whare Stream in Whakatāne, 
and two streams (Waioraka and Otumanga) in Tauranga. Eleven sampling periods 
between 2002/2003 and 2014/2015 were analysed. Repeated measures ANOVA 
showed that all the biotic indices differed between streams draining catchments 
dominated by different land use (Table 5). The strongest differences (as indicated by 
the largest F-values) occurred for the % EPT- richness, the number of EPT taxa, 
and the BoP_IBI (Table 5). In all cases, all metrics were significantly highest in 
streams draining native forest, and lowest in streams draining urban catchments 
(e.g., Figure 10). 

Table 5 Results of repeated measures ANOVA showing differences in 
selected biotic metrics in volcanic gentle-gradient streams between 
the different land use categories, year, and the interaction between 
land use and year. Where significant effects were detected, the  
P-value has been given; n.s. = non-significant results (i.e. P >0.05). 

Biotic Metric Land use 
F-values 

Year 
F-values 

Land use × Year 
F-values 

Taxon richness F = 3.75, P = 0.024 F = 2.70, P = 0.004 F = 1.91, P = 0.004 

MCI F = 4.21, P = 0.016 n.s F = 2.15, P = 0.001 

EPT_r F = 7.29, P = 0.001 F = 2.05, P = 0.030 F = 2.69, P <0.001 

%_EPT_r F = 7.88, P = 0.001 n.s F = 2.47, P = 0.002 

QMCI F = 3.11, P = 0.045 F = 2.34, P = 0.012 F = 1.88, P = 0.005 

%_EPT_n F = 4.82, P = 0.009 F = 2.79, P = 0.003 F = 1.90, P = 0.004 

BoP-IBI F = 5.34, P = 0.006 F = 4.06, P <0.001 n.s 
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Figure 10 Box plot of % EPT richness and the BoP_IBI score for streams in the 
volcanic gentle-gradient stream class draining catchments showing 
differences in scores between streams dominated by native forest  
(n = 6), exotic forest (n = 4), agriculture (n = 34) and urban (n = 3) 
land uses. Box-plot conventions as per Figure 8.  
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Five of the seven metrics examined showed significant temporal differences, which 
were greatest for the BoP_IBI score (Table 5). Mann-Whitney tests showed that 
significant positive trends were evident for taxonomic richness in agricultural 
streams, and for the number of EPT taxa in streams draining catchments dominated 
by exotic forest and agriculture. There was also a significant negative trend in 
calculated QMCI scores over time in urban streams. Lack of other significant trends 
suggested that the temporal differences for the other metrics simply reflected 
random variability in these metrics. This variability is clearly evident for each of the 
biotic metrics in each of the land use classes (Figure 11). 



 

Environmental Publication 2017/01 – State and trends in river health (1992-2014) 
in the Bay of Plenty 35 

 
Figure 11 Temporal differences in five biotic metrics in volcanic gentle-gradient streams flowing through catchments dominated by 

natural vegetation and agriculture (mean + 1SE). 
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3.3.4 Volcanic steep-gradient streams 

A total of 57 volcanic steep-gradient stream sites have been sampled since the 
austral summer of 2002. Thirty-one of these stream sites drained catchments 
dominated by native forest, and 21 stream sites were from catchments dominated 
by agriculture. Five stream sites flowed through catchments dominated by exotic 
plantation forests. Eleven sampling periods between 2002/2003 and 2014/2015 
were analysed. Repeated measures ANOVA showed that only the BoP_IBI differed 
between streams draining catchments dominated by the three land use classes 
(Table 6). This metric was highest in catchments dominated by native forest and 
exotic plantation forests, and lowest in streams dominated by agriculture  
(Figure 12). There were significant temporal differences for all metrics (Table 6), 
however the Mann-Whitney test showed that only taxonomic richness and EPT 
richness displayed any significant trends. Here, taxonomic richness increased over 
time at all stream sites draining native forest, exotic forest and agricultural land, and 
EPT richness increased in sites draining exotic forest and agriculture (Figure 13). 

Table 6 Results of repeated measures ANOVA showing differences in 
selected biotic metrics in volcanic steep-gradient streams between 
the different land use categories, year, and the interaction between 
land use and year. Where significant effects were detected, the 
ensuing P-value has been given; n.s. = non-significant results  
(i.e. P >0.05). 

Biotic Metric Land use 
F-values 

Year 
F-values 

Land use × Year 
F-values 

Taxon richness n.s F = 9.49, P <0.001 n.s 

MCI n.s F = 5.09, P <0.001 n.s 

EPT_r n.s F = 6.42, P <0.001 n.s 

%_EPT_r n.s F = 3.11, P = 0.001 n.s 

QMCI n.s F = 3.94, P <0.001 n.s 

%_EPT_n n.s F = 4.58, P <0.001 n.s 

BoP_IBI F = 6.31, P = 0.006 F = 1.93, P = 0.04 n.s 
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Figure 12 Box plot of the BoP_IBI score for streams in the volcanic  

steep-gradient stream class showing differences in scores between 
streams draining catchments dominated by native forest (n = 31), 
exotic forest (n = 5) and agriculture (n = 21). Box-plot conventions as 
per Figure 8. 
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Figure 13 Temporal differences in A) number of EPT taxa, and B) taxonomic 
richness in volcanic steep-gradient streams, all land use classes 
combined (mean + 1se). 
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3.4 Discussion 

Repeated measures ANOVA showed significant land use effects for sites in each 
biophysical class. In particular, the BoP_IBI was significantly higher in sites draining 
native forest than other land uses, particularly agriculture and urban catchments in 
volcanic gentle-gradient streams. This result is consistent with the findings reported 
in Part 2 of this report, where land use was shown to be a major driver of 
invertebrate community composition, based on the average of the long-term data. 
Other metrics which differed between sites draining catchments of different land use 
included taxon richness, percentage EPT richness, and the number of EPT taxa. As 
with the BoP_IBI, these metrics were highest within sites draining native forests, and 
lowest in sites draining agriculture or urban catchments. 

The fact that the BoP_IBI displayed such strong differences between sites draining 
different land uses is not surprising, considering the fact that this metric is calculated 
based on differences between previously identified indices in test and reference 
sites. It relies on the explicit assumption that stream health changes as a result of 
changes to dominant land use, and this assumption is supported by a wide body of 
scientific literature, both within New Zealand (e.g. Harding and Winterbourn 1995; 
Quinn and Cooper 1997; Harding et al. 1999; Scarsbrook and Halliday 1999; Hall  
et al. 2001), and overseas (e.g. Lenat and Crawford 1994; Walsh et al. 2005;  
Allan 2007). These studies have generally shown that stream ecological condition is 
generally highest in un-modified catchments of native bush, intermediate in streams 
draining plantation forests, lower in streams draining agricultural areas, and lowest 
in streams draining urban catchments. 

The fact that other metrics such as the MCI, and QMCI were not as powerful in 
discriminating differences between land use in streams within the three different 
biophysical classes was surprising, especially given their widespread use 
throughout the country to report stream health. One reason for this may reflect the 
fact that the invertebrate fauna throughout the region was characterised by a core of 
only a few dominant taxa that were found at about 70% of sites sampled. These 
taxa were widespread throughout streams regardless of land use, presumably 
reflecting in part their broad ecological tolerances. Given a dominance of such a 
core set of taxa, it is not surprising that metrics such as the MCI did not differ greatly 
between land uses, as this is a general reflection of community composition at a 
site. 

Another possible explanation about the relatively poor performance of the MCI and 
QMCI was the fact that 50% of the core taxa encountered had only intermediate 
tolerance values (between 4 and 6). Thus, their presence at a site was not 
particularly indicative of streams in either very good or very poor condition. Indeed, 
examination of the MCI tolerance values of all taxa recorded over the reporting 
period showed that 50% of these taxa had intermediate tolerance values. This 
means that streams are more likely to be graded similarly by the MCI, as most of the 
taxa had a fairly small range of tolerance values. In contrast, the BoP_IBI was based 
on calculations of the percentage of dominant invertebrate groups such molluscs, 
diptera or chironomids, or the ratio of the percentage EPT to the percentage 
molluscs, crustacea or oligochaetes. These ratios do not depend on individual 
tolerance scores, and so arguably are more sensitive to changes in invertebrate 
community composition when compared to a metric such as the MCI, where many 
of the core taxa found throughout the region had intermediate tolerance values. 
Furthermore, the BoP_IBI is based on the ratio of these invertebrate groups 
between test and reference stream sites, and is consequently more likely to be able 
to detect differences in the relative contribution of these groups in sites draining 
different land uses. 
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Only the BoP_IBI differed between land use classes in streams in the volcanic 
steep-gradient biophysical class, and only this metric plus taxonomic richness 
differed between land use classes in the nonvolcanic steep-gradient streams. In 
contrast, all seven invertebrate metrics differed between land use classes in 
volcanic low-gradient streams. However, this biophysical class was the only one 
where urban streams were found. Given the dramatic effect of urbanisation on 
stream ecosystems (Suren and Elliot 2004; Meyer et al. 2005), this result is not 
surprising. Examination of the differences to the seven biotic metrics in this 
biophysical class when urban streams were omitted showed that only four of the 
seven metrics differed between native forest, exotic forest, and agriculture streams. 
In all cases, metrics were highest or equal highest in native or exotic forest streams, 
and lowest in agriculture streams. The fact that more metrics differed between land 
use in streams belonging to the volcanic gentle-gradient class then the other two 
classes could suggest that these streams are more sensitive to land use change 
than the other stream types. 

An alternative explanation to this could be that there is a greater degree of land use 
intensification in the volcanic low gradient biophysical class, reflecting a higher 
degree of suitable land compatible with activities such as horticulture and dairy 
farming. Indeed, analysis of land cover within the three stream classes showed that 
streams in the nonvolcanic steep-gradient class had the highest percentage cover of 
native forest within the catchment (78%), whilst streams in the volcanic low gradient 
class had the lowest percentage cover (21%). In contrast, the average percentage 
cover of agriculture was highest in these latter streams (54%), and lowest in streams 
in the non-volcanic steep-gradient class (14%). Streams in the volcanic  
steep-gradient class had intermediate levels of native forest in their catchments 
(average = 55%), and a relatively low average percentage cover of agriculture 
(23%). Given this higher degree of land use modification, it is not surprising that 
more metrics differed between land cover classes in the volcanic low gradient class. 

There were large differences in the spatial distribution of stream condition classes 
when assessed using the MCI or QMCI, or the BoP_IBI throughout the region 
(Figure 14). Low MCI classes (Poor or Fair) were generally found at low elevation 
sites near the coast, although three sites near Lake Tarawera were also assessed 
as being in the "fair" category. Most sites around Tauranga Harbour and east of 
Whakatāne were also classed as being in either "good" or "excellent" condition. 
Examination of both the QMCI and BoP_IBI condition classes showed markedly 
more sites in the "poor" condition, including a number of sites around Lake Rotorua 
and Lake Tarawera. There were also more sites in the "poor" or "fair" condition 
around Tauranga Harbour and to the east of Whakatāne when assessed using 
these two metrics (Figure 14). 
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Figure 14 Map showing stream health as assessed using: A) the MCI score; B) 

the QMCI score, and C) the BoP_IBI. Note the generally lower stream 
health scores for the QMCI and BoP_IBI, especially in many of the 
coastal streams. 

Note that this analysis also shows the differences in how regional assessments of 
stream health will vary greatly depending on the metric used. For example, using the 
MCI scoring bands of Stark and Maxted (2007), we can see that the majority of 
streams being monitored are in either good or excellent condition (Table 7), whereas 
under the QMCI and BoP_IBI, many more streams were rated as being in “poor” 
condition. This reflects the fundamental dissimilarities in how these metrics are 
calculated. For example, the MCI relies only on presence/absence data, while the 
QMCI considers relative abundance. The QMCI is thus more likely to score sites 
lower where the relative abundance of sensitive taxa has been reduced. The 
BoP_IBI takes this quantitative information one step further, and compares specific 
metrics at a test site to the value of the same metric at a reference site.  In this way 
it is assessing how different a specific metric is from streams in their “natural” 
condition.  The take home message here is that while there is arguably no “correct 
way” to assess stream health, it is important to acknowledge that relying on only a 
single biological metric to describe the ecological condition of streams in the region 
may be an over-simplification. 
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Table 7 Percentage of stream invertebrate monitoring sites belonging to one 
of the four water quality classes of Stark and Maxted (2007) when 
assessed according to either the MCI or QMCI. Also shown is the 
percentage of streams assessed on the basis of the BoP_IBI, 
developed specifically for the Bay of Plenty. 

Stream health class MCI QMCI BoP_IBI 

Excellent 33% 25% 26% 

Good 51% 34% 27% 

Fair 15% 21% 22% 

Poor 2% 20% 25% 
 
Summaries of the state of ecological conditions at all sites are presented in 
Appendix 4. 
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Part 4:  Trends in stream health 

4.1 Introduction 

The aim of this section is to determine whether ecological health had changed over 
time at the sites being monitored. Although the previous analysis clearly 
demonstrated a reduction in ecological health in sites draining urban and agricultural 
catchments as a result of changes to land cover, this section is focused on 
assessing whether ongoing land use intensification is having any demonstrable 
effects on ecological health. 

Invertebrate communities are influenced by a mixture of natural environmental 
variability, and by human activities (e.g. Collier and Winterbourn 2000; Quinn and 
Cooper 1997) so it is expected that invertebrate communities would change most in 
catchments subject to intensive human activity, such as occurs with dairy farming or 
urban development. One of the most pervasive human activities to affect stream 
ecosystems occurs as a result of land use changes. Land use change has dramatic 
effects on many of the fundamental drivers of stream ecosystems (e.g. Allan 2007), 
and affects factors such as shade, organic matter inputs, flow regimes, and changes 
to water chemistry (temperature, dissolved oxygen, nutrients). As discussed in  
Part 2, stream health changes in a consistent manner as a result of changes to 
dominant land use, with streams draining urban and intensely farmed catchments 
having the greatest reduction in stream health, and streams draining exotic forest 
plantations often being very similar to streams draining unmodified catchments 
dominated by native vegetation (e.g. Harding and Winterbourn 1995; Quinn and 
Cooper 1997; Harding et al. 1999; Scarsbrook and Halliday 1999; Hall et al. 2001). 
Land use change thus represents a large-scale and long-term disturbance event. 

By “disturbance” event, we mean any event in space or time that results in the loss 
of individuals or populations. If a disturbance is large enough, many organisms 
would be unable to adapt to the changes arising from the disturbance, and so will 
disappear from the population. Lake (2000) introduced the concept of pulse, press 
or ramp disturbances, which are distinguished by differences in the temporal trends 
in the strength of the disturbing force. Understanding these differences may help 
explain potential causes of changes to stream invertebrate communities throughout 
the region, and help explain the results of the monitoring programme. 

Pulse disturbances are typified by flood events, which are discrete in space and time 
and which can severely deplete local populations of invertebrates. However, once 
the pulse disturbance passes, invertebrate communities can quickly recover to  
pre-flood levels (Scrimgeour and Davidson 1988, Suren and Jowett 2006). In 
contrast, a press disturbance may arise over relatively short periods, but then reach 
a constant level that is maintained. Converting a forested catchment into pasture 
would be an example of a press disturbance, as the effects of canopy removal 
would be persistent in terms of changes to flow regimes, reductions in organic 
matter inputs, and increased light intensity reaching the stream bed. These 
persistent changes will result in a loss of invertebrate taxa which cannot tolerate the 
new environmental conditions. The invertebrate community composition will 
consequently shift to a new stable state. 
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Lake (2000) also identified ramp disturbances, which steadily increase in time 
without an apparent endpoint, or reach an asymptote only after an extended period. 
With ramp disturbances, conditions steadily get worse over time. Lake (2000) 
suggested that increasing sedimentation within a stream is a form of ramp 
disturbance, as the effects of this would progressively increase over time. Under 
such ramp disturbances, the invertebrate communities are predicted to continuously 
change, with taxa that are unable to tolerate the continually changing conditions 
disappearing. Communities exposed to long-term ramp disturbances will eventually 
be dominated by only the most tolerant taxa. 

This ecological theory has relevance to assessments of temporal trends to 
invertebrate communities. The previous analysis (Section 3) showed that stream 
ecological condition differed between streams draining the four land use classes. 
These differences presumably reflected the long-term legacy of these land use 
changes, which have acted as press disturbances. These land use changes 
happened well before the biological sampling programme started in 1991/1992, and 
would undoubtedly have lowered the ecological condition of streams as sensitive 
taxa disappeared. Thus, although converting native bush to pine plantation, or a 
forested catchment to an open pasture catchment may have taken only a few years, 
there would have been long-term ecological effects as stream communities had 
been altered from these press disturbances. Dramatic changes to stream health 
following these large-scale press disturbances would therefore not be expected 
afterwards, as the invertebrate communities would have adapted to these changes. 

How then, has land use changed in the region since monitoring began? The  
New Zealand Land Cover Database (LCDB) has been established to summarise 
land cover throughout the country, based on satellite imagery. There are currently 
four versions of the LCDB, based on assessments in 1996, 2001, 2008 and 2012. 
Analysis of this data has shown that land cover within the Bay of Plenty was 
relatively stable during this 16-year period, at least at the resolution of the data 
(Table 8). The most notable changes were a slight increase in the area of urban 
land, orchards and vineyards, and a slight decrease in the area of exotic plantation 
forest (Table 8). 

Table 8 Summary of the percentage cover of major land cover groups as 
assessed by the four versions of the land cover database, released in 
1996, 2001, 2008 and 2012. 

Land cover group Year 

 1996 2001 2008 2012 

Artificial - Urban 1.23 1.24 1.35 1.36 

Orchard/Vineyard 1.35 1.36 1.64 1.65 

High Producing Exotic Grassland 20.74 20.40 20.08 20.39 

Native_Scrub 5.00 5.07 5.08 5.09 

Native 43.73 43.73 43.70 43.70 

Exotic_Forest 20.05 20.29 19.81 18.88 
 
Given the fact that land cover has not changed appreciably since the stream 
monitoring programme began, it is not surprising that the invertebrate community 
composition has not changed either. However, the LCDB data represents only a 
relatively coarse resolution that may not detect increases in intensification within a 
particular LCDB class. For example, the LCDB class “High Producing Exotic 
Grasslands” can include a wide mix of sheep, beef and dairy farming, and different 
aspects of dairy farming, such as the use of pasture for wintering-off dairy herds. 



 

Environmental Publication 2017/01 – State and trends in river health (1992-2014) 
in the Bay of Plenty 47 

Data on stock numbers (see http://nzdotstat.stats.govt.nz) clearly shows the number 
of beef cattle and sheep in the Bay of Plenty has declined between 1995 and 2015, 
while the number of dairy cattle during this period has increased (Figure 15). This 
suggests that there may have been a change in farming practices throughout the 
region, with some sheep and beef farms converting to dairy and some existing 
dairying areas intensifying. The total area under cultivation of both kiwifruit and 
avocados has also increased since 1995, although there was a slight reduction in 
total areas of kiwifruit following the PSA outbreak post 2010 (Figure 15). 

Figure 15 Graphs showing the average annual stock numbers (top) and land 
areas under cultivation for kiwifruit and avocado (bottom) throughout 
the Bay of Plenty. Data courtesy of Statistics New Zealand 
(http://nzdotstat.stats.govt.nz accessed August 2016). 

These changes to stocking rates were also highlighted in a recent report  
(van Rossen 2015) on land use intensification risks in the Bay of Plenty. This report 
identified a number of key changes in land use over the past decade, which 
included: 

 a reduction in plantation forestry area of 7.3% between 2006 and 2013, 

 an increase in the area of dairy farms in the region, 

 further intensification of land in dairy arising from increased use of 
supplementary feeds, wintering cows off farm, improved pasture species, etc., 

 conversion of dairy and good quality short rotation cropping lands to 
horticulture, primarily kiwi fruit and avocados, 
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 a continued slow decline in sheep and beef farming, 

 fragmentation of farmland in the western Bay of Plenty with subdivision into 
lifestyle blocks. 

There is also evidence of increasing land use intensification from the long-term 
monitoring data from the NERMN soil monitoring programme. This programme has 
identified that quantities of nitrogen and phosphorus contained within topsoil has 
increased at many sites; in some cases to levels that can exceed the maximum 
utilisation by plants. For example, mean Olsen P values have been increasing 
consistently on dairy farms, and in 2014 were at levels of 99.8 mg/kg (Suren et al. 
2016). Nitrogen was also increasing steadily in dairy soils, with anaerobically 
mineralisable nitrogen and total nitrogen reaching the upper limits of optimal farm 
production. This upper limit is where the benefit to pasture growth diminishes and 
the risk to the environment increases. Not only does excess fertility lead to land 
managers making an economic loss it also increases the risk of contamination/ 
eutrophication of nearby water bodies. Increases in Olsen P measurements have 
also been observed in soils in Kiwifruit and sheep/beef and deer sites. For example, 
some soils in kiwifruit orchards had mean Olsen P concentrations of 106 mg/kg in 
2010 (Suren et al. 2016).  

Given the collective findings from Statistics NZ, van Rossen (2015) and the results 
of the ongoing NERMN soil monitoring programme, it is clear that more intensive 
farming activities are occurring within the Bay of Plenty, even though land cover has 
remained relatively constant. Land use intensification is defined as changes in land 
use activities that make greater use of productive potential, but that are associated 
with a shift from low nutrient loss to higher nutrient loss (van Rossen 2015). Such 
nutrient losses from land use intensification have been implicated as one of the 
fundamental drivers to the overall degradation of water quality throughout  
New Zealand (NIWA 2010), based on analysis of data from both NIWA’s NRWQN 
data (77 sites) and regional council state of environment monitoring programmes. 
The NIWA (2010) study also showed that pastoral farming - which accounts for 40% 
of New Zealand's land area - was undoubtedly the main source of diffuse pollution. 
Much of this decline in water quality came from intensification of pastoral farming, 
and in particular the conversion of drystock farming to dairy farming. Such 
intensification has also occurred within the Bay of Plenty, and this may be a key 
driver behind observed increasing instream nitrate concentrations at some sites in 
the region (Scholes and McIntosh 2009). This intensification may be acting as a 
ramp disturbance, which would be having potential adverse effects on stream 
ecological condition. 

Any trend analysis, therefore, makes the implicit assumption that land use 
intensification has occurred within a particular land use throughout the duration of 
the monitoring period, and that invertebrate communities have responded to this 
intensification. The above examples of increases in the regional dairy herd, and 
areas under kiwifruit and avocado, coupled with increases in soil nutrients and 
instream nitrate levels suggest that such an assumption is valid. Therefore, 
detecting ecological responses to such intensification is not unrealistic, given the 
known effects of land use intensification associated with agriculture and urban 
activities on both water quality (Wilcock et al. 1999, Larned et al. 2004, 2015,  
Wright 2013, 2015) and stream ecology (Wilcock et al. 2013). 
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4.2 Methods 

4.2.1 Trend detection 

Larned and Snelder (2012), and Stark and Maxted (2007) recommend that trend 
analysis be conducted only on sites with at least 10 years of data. They also 
emphasise that sampling regimes need to be frequent and consistent to maximise 
the number of sites with sufficient long-term data to allow for trend detection. 
Examination of the combined NERM and NRWQN data showed that 105 of the  
120 sites (i.e. 87.5%) had 10 or more years of data. In contrast 114 sites (i.e. 95%) 
had eight or more years of data. It was decided to maximise the information return of 
the data for this report, and undertake trend analysis of sampling sites with eight or 
more years of data (Table 9). This allowed us to perform trend analysis on streams 
in all three biophysical classes, and to determine whether streams flowing through 
different land uses were displaying different trends. Note that Scarsbrook et al. 
(2000) also found trends in invertebrate community composition from 66 sites in the 
NRWQN based on only eight years of sampling (1989 to 1996 inclusive), suggesting 
that an eight-year period may be sufficient for trends to be detected. 

Table 9 The number of stream sites found in different land use categories in 
each of the three geology-slope classes with >8 years of data 

Geology-slope class Land use Number of sites 

Non-volcanic steep-gradient Native Forest 7 

 Exotic_Forestry 1 

 Agriculture 2 

 Urban 0? 

Volcanic steep-gradient Native Forest 31 

 Exotic_Forestry 5 

 Agriculture 21 

 Urban 0? 

Volcanic gentle-gradient Native Forest 6 

 Exotic_Forestry 4 

 Agriculture 34 

 Urban 3 
 
Stark and Fowles (2006) examined several different statistical approaches to detect 
trends in stream invertebrate metrics. They recommended first to visualise the data 
using scatter plots of each biotic metric versus time, using an appropriate smoothing 
technique such as LOWESS (LOcally, Weighted Scatterplot Smoothing). This 
technique simply describes the relationship between X (time) and Y (the individual 
biotic index) without assuming linearity, and provides a robust description of data 
pattern. Following this, they recommended that the Mann-Kendall test be used to 
search for significant trends. 
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Individual tests were done on data for each metric from the 114 sites, giving a total 
of 798 individual tests. Because of this large number of tests, there was a statistical 
probability that some significant correlations could be found by chance. For this 
analysis, we were testing the null hypothesis (H0) that there was no significant trend 
in a particular biotic metric over time. At the 5% significance level, we have a 1 in  
20 chance of rejecting H0 (i.e. saying that there was a trend in the data) when in fact 
there was no trend. This false rejection of H0 is called a Type I error. Thus, for the 
798 tests conducted, 42 trends could be found which were in fact not statistically 
significant at the 5% significance level. Although there are techniques such as the 
False Discovery Rate (FDR) that can be used to minimise Type 1 errors, it was 
decided not to use this technique, and instead accept the fact that more trends may 
be detected than were actually present. This was done as it was considered better 
to say that trends were detected, even if some of these may have been statistical 
artefacts. This more conservative approach was deemed applicable when 
investigating whether stream health had changed over time. 

4.2.2 Assessment of ecological trends 

Data for the seven biotic indices (MCI and QMCI scores, the number of EPT taxa 
and percentage EPT taxonomic richness, the percentage of EPT relative 
abundance, taxonomic richness, and the BoP_IBI) were analysed for trends using 
the Mann Kendall test. Stark and Fowles (2006) recommend using only the MCI 
score for trend analyses in SoE reporting, based on the fact that this index has a 
strong track record as an indicator of river health New Zealand. They also suggest 
that taxonomic richness is not a good measure of stream health because high taxon 
richness is often associated with slightly enriched conditions, and low taxon richness 
is often found in unproductive habitats with low nutrient water quality, or after 
torrential flows. Moreover, taxon richness is markedly influenced by sampling effort. 
However, these criticisms are unjustified when it comes to examining trends in taxon 
richness over time. In this case, the question is not necessarily "Which site is 
better?", but instead "Do biological communities at this site change over time?" 
Thus, any increase or decrease in taxon richness at a site over time may reflect 
changes to instream conditions that have allowed more or fewer species to colonise 
a particular site2. Such changes are of interest and relevance to managers who may 
be interested in maintaining ecological health. 

For all trend analysis, we used the default probability value of P <0.05% to indicate 
statistical significance. However, statistical significance does not equate to 
ecological significance. Given that seven metrics were analysed for trends at each 
site, a decision had to be made to assess the ecological significance of observed 
trends to metrics. An ordinal “scale of significance” was thus developed to assess 
the weight of evidence that observed trends were indicative of real changes to the 
invertebrate community (Table 10). For example, if only a single metric showed a 
trend, this was regarded as “little evidence” of change to the overall invertebrate 
community composition. This assertion was especially relevant to metrics such as 
richness and EPT_r, which may have displayed an increase over time. Although 
such increases could be reflecting improved biodiversity values at a particular site, 
they could also simply reflect improvements sample collection and processing. If, 
however, four or more metrics displayed a trend, this was regarded as being strong 
evidence of changes to the overall invertebrate community composition at that site 
(Table 10). 

                                            
2 This of course presupposes a lack of changes to sampling protocols, or increased taxonomic 
resolution. The latter criticism is not relevant in this study as all taxa from the combined data set were 
assigned a common level of identification. 
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Table 10 Ordinal scale of significance to changes in invertebrate community 
composition based on the number of metrics observed to display 
statistically significant trends. 

Number of metrics Ordinal scale of significance 

1 Weak evidence of change 

2 Minor evidence of change 

3 Moderate evidence of change 

4 or more Strong evidence of change 
 

4.3 Results 

4.3.1 Non-volcanic steep streams 

Of the 11 stream sites in the non-volcanic steep-gradient biophysical class, six 
displayed significant trends in at least one biotic metric. Of these streams, five 
showed minor evidence of changes to invertebrate community composition, whilst 
one site (the Otara River) showed weak evidence of change (Table 11). The most 
number of significant trends (4) were found for the number of EPT taxa (EPT_r), and 
the percentage of EPT abundance (%EPT_n: 3 trends). The other 4 metrics 
displayed a significant trend in only one stream.  
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Table 11 Summary results of Mann-Whitney trend analysis showing non-volcanic steep stream sites which displayed significant trends 
in one or more of the measured biological metrics. Also shown is the direction of each trend, as well as an overall assessment 
as to the scale of significance to changes in the invertebrate community composition 

Site number Site name Richness MCI QMCI EPT_r %EPT_r %EPT_n BOP_IBI Scale of significance 

110002 Raukokore    -ve -ve   Minor 

110004 Waiaua   -ve -ve    Minor 

110005 Otara      +ve  Weak 

110006 Waioweka  -ve    +ve  Minor 

GS3 Motu at Waitangirua -ve   -ve    Minor 

GS4 Motu at Houpoto    +ve  +ve  Minor 

4.3.2 Volcanic gentle-gradient streams 

Of the 47 stream sites in the volcanic gentle-gradient biophysical class analysed for trends 23 displayed significant trends in at least one 
biotic metric. Half of these stream sites (12) showed only weak evidence of changes in invertebrate community composition, with significant 
trends in only one metric (Table 12). Nine sites showed minor evidence of change, while one site (Waipapa Tributary at Plummer Road) 
showed moderate evidence of changes in invertebrate composition. Another site (Pongakawa Tributary at Rotoehu Road) showed the 
strongest evidence of changes in invertebrate community composition (Table 12), with positive increases in four metrics. The most number 
of significant trends (8) were found for richness, followed by EPT_r (seven sites), and the QMCI and the BoP_IBI (six sites each). Twelve 
sites showed positive trends in metrics, while 11 sites showed negative trends (Table 12). 
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Table 12 Summary results of Mann-Whitney trend analysis showing volcanic gentle-gradient stream sites which displayed statistically 
significant trends in one or more of the measured biological metrics. Also shown is the direction of each trend, as well as an 
overall assessment as to the scale of significance to changes in the invertebrate community composition. 

Site number Site name Richness MCI QMCI EPT_r %EPT_r %EPT_n BOP_IBI Scale of 
significance 

NERM_001 Waiari Tributary at State Highway 2 +ve   +ve    Minor 
NERM_010 Waiari at Roydon Downs Road      -ve  Weak 
NERM_019 Pahekeheke Stream +ve   +ve    Minor 
NERM_020 Mangakino      -ve -ve Minor 
NERM_027 Awakaponga Canal at Matata Road +ve       Weak 
NERM_032 Pongakawa Tributary at Rotoehu Road  +ve +ve +ve +ve   Strong 
NERM_036 Ngongotaha at Hamurana Road +ve   +ve    Minor 
NERM_037 Waiteti       -ve Weak 
NERM_047 Waiohewa       -ve Weak 
NERM_057 Uretara at Wharawhara Road   -ve     Weak 
NERM_062 Boyd   -ve   -ve  Minor 
NERM_068 Waiwhakatoitoi    +ve +ve   Minor 
NERM_071 Tupapakurua  +ve       Weak 
NERM_077 Wainui at Tim Road +ve       Weak 
NERM_081 Oturu   -ve     Weak 
NERM_085 Tuapo +ve       Weak 
NERM_086 Waipapa at Waipapa Block Road    +ve    Weak 
NERM_087 Waipapa Trib at Plummer Road  +ve +ve  +ve   Moderate 
NERM_092 Piako +ve   +ve    Minor 
NERM_110020 Tarawera      -ve -ve Minor 
NERM_110035 Ngamuwahine       -ve Minor 
NRWQN_RO1 Tarawera at Lake outlet     -ve  -ve Minor 
NRWQN_RO3 Rangitaiki at Murapara   +ve     Weak 
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4.3.3 Volcanic steep-gradient streams 

Of the 57 stream sites in the volcanic steep-gradient biophysical class analysed for 
trends 27 displayed significant trends in at least one biotic metric. Again, half of 
these sites (14) showed only weak evidence of changes in invertebrate community 
composition, with significant trends to only one metric (Table 13). Nine sites showed 
only minor evidence of change and four showed moderate evidence of changes in 
invertebrate composition. Of these four sites, three showed positive trends, while the 
Whirinaki Stream at Galatea showed negative trends in richness, QMCI, and EPT_r. 
The most number of significant trends (14) were found for richness, followed by 
EPT_r (12 sites), the QMCI (eight sites) and the BoP_IBI (six sites). Twenty-one 
sites showed positive trends in metrics, while only five sites showed negative trends  
(Table 13). One site (the Mangaone Stream) displayed opposite trends for the 
EPT_r and BoP_IBI. 
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Table 13 Summary results of Mann-Whitney trend analysis showing volcanic steep-gradient stream sites which displayed significant 
trends in one or more of the measured biological metrics. Also shown is the direction of each trend, as well as an overall 
assessment as to the scale of significance to changes in the invertebrate community composition. 

Site number Site name Richness MCI QMCI EPT_r %EPT_r %EPT_n BOP_IBI Scale of 
significance 

NERM_006 Whataroa +ve       Weak 
NERM_007 Mimiha +ve       Minor 
NERM_008 Waikamihi       +ve Weak 
NERM_015 Okareka Tributary +ve       Weak 
NERM_022 Mangate +ve   +ve    Minor 
NERM_023 Buddles Creek +ve +ve  +ve    Moderate 
NERM_025 Wainui Te Whara at Gorge Road +ve       Weak 
NERM_028 Awakaponga at Manawahe Road    +ve   +ve Minor 
NERM_029 Pikowai Stream at Pikowai Road +ve   +ve   +ve Moderate 
NERM_038 Wairoa    +ve    Weak 
NERM_043 Mangaone    -ve   +ve Minor 
NERM_045 Ruruanga at Valley Road +ve       Weak 
NERM_051 Waioho   -ve     Weak 
NERM_052 PokoPoko at Allports Road   +ve   +ve  Minor 
NERM_054 Karaponga    +ve   +ve Minor 
NERM_058 Uretara at Rea Road +ve       Weak 
NERM_059 Aongatete   +ve     Weak 
NERM_069 Kutarere +ve   +ve    Minor 
NERM_072 Ohiwa trib at Burma Road +ve   +ve    Minor 
NERM_073 Maraetotara (Maraetotara Road)   -ve     Weak 
NERM_075 Waitao   -ve     Weak 
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Site number Site name Richness MCI QMCI EPT_r %EPT_r %EPT_n BOP_IBI Scale of 
significance 

NERM_083 Tuapiro at Woodlands Road +ve  +ve +ve    Moderate 
NERM_094 Owairoa +ve   +ve    Minor 
NERM_097 Ohope at Ohope Hill Base       +ve Weak 
NERM_110010 Whakatane at Ruatoki  -ve   -ve   Minor 
NERM_710015 Tuapiro   +ve     Weak 
NRWQN_RO4 Whirinaki at Galatea -ve  -ve -ve    Moderate 
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4.3.4 Regional perspective 

From a regional perspective, significant trends in ecological condition were evident 
in just under half (56) the 114 stream sites surveyed. However, the majority of sites 
displayed changes in only one of the seven metrics examined, suggesting that there 
was little evidence of changes to overall ecological health. Moreover, there was no 
apparent geographical pattern to the distribution of streams showing either no, little 
or minor change. Streams showing moderate changes to invertebrate communities 
were found mostly in the upper Rangitāiki Catchment, as well as some streams in 
the western parts of the region (Figure 16). Only a small tributary that flowed into the 
Pongakawa Stream showed consistently strong improvements in ecological health. 
This tributary drained a catchment dominated by exotic plantation forestry. Of the  
56 sites with significant trends, 36 displayed positive increases to at least one of the 
biological metrics, and 18 displayed negative trends. An additional two sites 
displayed inconsistent trends, with some metrics increasing, and others decreasing. 

Examination of trends between different land uses showed that streams draining 
catchments dominated by native forest or agriculture had a similar percentage of 
sites with no trend, little trend, or Minor trend (Table 14). For example, just over half 
the number of sites in both agriculture and native forest catchments experienced no 
significant changes to the invertebrate communities over time. There were fewer 
streams without trends draining exotic forest catchments, and more streams with 
Minor trends. The only stream with strong trends to invertebrate metrics drained a 
catchment dominated by exotic plantation forestry. No streams draining urban 
catchments showed any trends, although it is acknowledged that the limited sample 
size of urban streams (three) limits the usefulness of this conclusion. 
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Figure 16 Map showing the spatial distribution of sites that showed temporal 

trends in invertebrate metrics describing ecological health. 

Table 14 Percentage of stream sites in different land use categories that 
showed trends in invertebrate metrics when allocated to one of five 
scales of significant temporal change. 

 Scale of significant temporal change 

Land use 
class Number of sites None Little Minor Moderate Strong 

Native 46 54 22 17 7 0 

Ex_Forest 11 45 18 27 0 9 

Agriculture 60 55 23 18 3 0 

Urban 3 100 0 0 0 0 
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4.4 Discussion 

This analysis clearly showed that, for the most part, invertebrate community 
composition at the monitored sites in the region was not changing but instead 
fluctuating around some form of stable state. Thus, of the 798 individual trend 
analyses done (i.e. 114 sites x 7 metrics), significant trends were only found on  
56 occasions. These trends are also shown in Appendix 5. That only 7.0% of the 
total analyses showed significant trends was surprising especially considering this 
analysis would have over-estimated the number of significant trends. This means 
that, in reality, there may have been even fewer significant trends if the FDR 
correction had been used. Another notable feature of this analysis was the fact that 
of the 56 sites showing some form of trend 27 had trends in only a single metric, 
indicative of only “weak” change in their invertebrate communities. 

Such stability in invertebrate community composition has been reported by both 
Scarsbrook (2002) in 26 river sites throughout New Zealand, and by Winterbourn 
(1997) in a study of mountain streams in the South Island. Scarsbrook (2002) also 
found only weak relationships between the magnitude of change in environmental 
conditions and resultant changes in invertebrate community composition. He did 
show, however, that communities changed least when flow conditions over time 
remained relatively constant, and by corollary, changed the most with large changes 
in flow regime. Scarsbrook (2002) also found that changes to water quality had no 
significant effect on the invertebrate community composition in the 26 sites he 
examined. This suggests that the main drivers of invertebrate communities may not 
be water quality alone, but may possibly reflect other environmental factors such as 
sedimentation, habitat diversity, shade and temperature. 

In a recent survey of stream health throughout the Rangitāiki catchment,  
Suren (2014) resurveyed 11 sites that had been sampled previously between  
30 and 38 years previously. Despite this long timeframe, no differences in biotic 
metrics were found between contemporary and historic values for eight sites 
draining plantation forestry. Three sites draining agriculture streams had significantly 
more EPT taxa in the contemporary surveys than the historic surveys, with ten taxa 
being recorded only in the contemporary surveys. Whether this reflected an actual 
increase in the number of EPT taxa at these sites or just improvements in sample 
processing or identification was unknown. Examination of other EPT taxa found in 
both surveys, however, showed no significant differences in their relative abundance 
between the two sampling periods, suggesting that the condition of these sites had 
not changed. Lack of consistent changes to any of the biotic metrics at stream sites 
in both plantation forestry and agricultural catchments also suggest that that 
ecological health at these sites had not changed over time. Suren (2014) suggested 
that one of the main reasons for this stability reflected the fact that land use in the 
catchment had not changed greatly since the first surveys, at least not to the extent 
that would have altered the invertebrate community. Because of this, any reduction 
to stream health from land use changes would have already occurred, so that 
contemporary sampling would be unable to detect further trends. Such a scenario is 
typical of press disturbances, whereby the invertebrate community composition 
would have been altered as a result of previous land use changes, but would then 
have remained relatively stable in its new state. 

Scholes and McIntosh (2009) summarised results of trend analysis for water quality 
(dissolved oxygen, temperature, colour, pH, suspended solids, turbidity, clarity, 
nutrients and bacteria) in the regions’ waterways from 1989 to 2008. Although they 
found a number of improving trends, their report emphasised that water quality of 
many sites was deteriorating. For example, they noted five sites with increasing 
trends in suspended solids and 10 sites with increasing turbidity.  
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A further 12 sites had significant increases in total nitrogen (TN) and oxides of 
nitrogen (TOx-N), of which eight sites had increases of greater than 1% per year for 
TN and 11 sites had increases of greater than 1% per year for TOx-N. These trends 
were found in catchments dominated by pastoral agriculture, and suggested that 
significant land use intensification in these catchments was occurring. If this was the 
case, such increases in nutrients and suspended sediments may represent a ramp 
disturbance, and as such changes to invertebrate community composition could be 
expected. 

Despite declining water quality in the region, no strong evidence of changes in 
invertebrate communities in streams was detected, either in this analysis, or in the 
earlier work by Suren (2014) in the Rangitaiki Catchment. However, it must be 
emphasised that ramp disturbances such as changes in water quality would affect 
invertebrate communities in different ways. Increases in suspended sediments may 
not directly affect invertebrates, as Suren et al (2005) found that six species of 
invertebrates (including so-called sensitive taxa such as Deleatidium and Zephlebia 
mayflies) appeared relatively tolerant to high suspended sediment concentrations.  
Instead, the postulated that the absence of these animals from catchments with high 
suspended sediment concentrations most likely reflected adverse changes to 
instream habitat conditions, such as filling of interstitial spaces, contamination of 
food sources, or both.  Whether the increases in turbidity reported by Scholes and 
McIntosh (2009) were high enough to have caused these effects are unknown, but it 
is noted that many of the streams sampled in this programme are dominated by 
mobile pumice streambeds, and so would be unlikely to be affected by sediment 
deposition.  Furthermore, lack of significant negative trends to stream health 
suggests that any increases in turbidity were not affecting invertebrate communities. 

Adverse effects of high nutrients to invertebrates would also most likely only be 
indirectly through increased algal biomass, unless levels of compounds such as 
ammonia or nitrate were approaching toxic concentrations - which they were not. 
Such a link to algal communities was postulated by Suren and Riis (2010) who 
presented a conceptual model outlining relationships between a stream’s productive 
state and subsequent changes to invertebrate communities. Thus, invertebrate 
communities are expected to change most as algal biomass increases, as has been 
observed by Suren et al. (2003) in a study examining invertebrate communities in 
two Canterbury streams of contrasting productive capacity over a summer low flow 
period. 

Other studies have also shown the effects of the invasive algae, Didymosphenia, on 
invertebrate communities (Kilroy et al. 2009). Here, didymo proliferations led to 
increased invertebrate abundance and increased diversity, and a shift in 
assemblage from a predominance of EPT taxa to a predominance of crustaceans, 
non-EPT insects, and worms. Such changes would also be reflected by changes in 
invertebrate metrics from the monitoring programme if the increased nutrients 
observed by Scholes et al. (2011) were resulting in increased algal biomass. The 
fact that strong trends in invertebrate communities were not observed suggests that 
nutrient increases have not increased algal biomass, so the invertebrate 
communities have remained relatively stable. Lack of increased algal biomass may 
reflect the preponderance of highly mobile pumice streambeds in streams 
throughout the region, especially in the volcanic gentle-gradient class, so any 
increase in nutrients would not necessarily increase algal biomass. BOPRC has 
traditionally not monitored algal biomass, although this monitoring has now 
commenced to better understand relationships between periphyton and stream 
nutrients. 
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Under Lake’s (2000) theory of pulse, press, and ramp disturbances, invertebrate 
communities are predicted to change mainly under pulse and ramp disturbances, 
when instream conditions change more than could be expected as a result of natural 
climatic variations. As discussed, press disturbances would typically be associated 
with changes in catchment vegetation as a result of land use change. Obviously, the 
greater the degree of catchment modification there is, the greater the degree of 
change to invertebrate communities (and stream health), and there is a broad 
consensus in the scientific literature that land use changes have an increasing effect 
from exotic plantation to agriculture to urbanisation (e.g. Quinn et al. 1997;  
Allan 2007; Wahl et al. 2013). However, the invertebrate community composition 
would reach a new equilibrium after this press disturbance. The results of the 
analysis of state confirm this reduction in stream health in the different land use 
classes (see Part 3). 

Ramp disturbances would occur as a result of land use intensification within a 
particular land use class. Ramp disturbances would result in an ongoing and 
increased level of stressors such as sediment or nutrients, and were expected to 
result in ongoing changes to invertebrate community composition. Our analysis of 
stock density and areas under kiwifruit and or avocado orchards, coupled with the 
results of the NERMN soil and water quality monitoring clearly suggests that land 
use intensification is occurring throughout the region. Such intensification would, in 
theory, be expected to result in changes to invertebrate community composition, but 
this was mostly not detected. 

Absence of strong temporal trends in the data may reflect the fact that stressors 
such as increased nutrients and E. coli may have little, if any, direct effects on 
invertebrate communities. Larned et al. (2015) analysed trends in both water quality 
and invertebrate communities from a national dataset combined from both NIWA’s 
NRWQN programme and Regional Council state of environment monitoring. 
Analysis of 461 sites with 10 years of MCI data showed that significant degrading or 
improving trends were found at only 16% of sites in their combined data set. That so 
few trends were detected was against a backdrop of observed trends in water 
quality parameters such as DRP, ammonia, nitrate, total phosphorus and total 
nitrogen, where between 60 and 69% of sites examined displayed significant trends, 
which were either improving or degrading. This finding from the national dataset 
further suggests that the invertebrate communities have likely responded to the 
earlier press disturbance associated with past land use changes and have now 
remained stable, even under a backdrop of changing water quality conditions. 

These earlier press disturbances may have had a larger effect on ecosystem health 
than the more subtle ramp disturbances associated with intensification. 
Consequently, we were unable to detect any further major changes to the 
invertebrate communities in the streams sampled, despite strong evidence that land 
use intensification is occurring. Another possible hypothesis is that remedial 
activities undertaken by BOPRC such as riparian protection may be mitigating any 
adverse effects of land use intensification within a particular land use class. This is 
discussed in more detail in Part 6. 
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Part 5:  Documenting ecological integrity - pressures 

5.1 Introduction 

The above analysis (Part 3) showed that land use changes have had a large effect 
on invertebrate communities, and that for the most part, invertebrate communities 
have not changed over time in the monitored sites (Part 4). Thus, sites draining 
catchments dominated by native bush or exotic plantation forest generally had 
highest ecological conditions, followed by sites in streams draining agricultural 
catchments. Sites in urban streams generally had the lowest ecological condition. 
As summarised in Part 1, invertebrate communities in the Bay of Plenty were 
responding to multiple factors, including sediment size, land cover, habitat quality, 
and estimated CLUES N concentrations. Allan (2007) and Piggott et al. (2012) also 
highlighted that the effects of land use change on streams are multifaceted, 
reflecting multiple pressures arising from changes to water quality, flow regimes and 
habitat quality. This section thus examines whether there are any relationships 
between the degree of changed observed in ecological communities and the degree 
of changed observed in water quality conditions arising from land use changes. 

A useful concept to express the degree to which invertebrate communities have 
changed from their natural conditions as a result of human activities such as land 
use change is called ecological integrity (EI). EI is defined as: “the degree to which 
the physical, chemical and biological components (including composition, structure, 
and process) of an ecosystem and their relationships are present, functioning and 
maintained close to a minimally impacted reference condition” (Schallenberg et al. 
2011). A site with high EI will therefore have invertebrate communities similar to 
those found in an equivalent reference stream. Sites with low EI will however have 
invertebrate communities very different to the equivalent reference stream. 

Ecosystems thus vary in their EI depending on the deviation from a reference 
condition, usually defined as "pristine" sites, where land use change in the 
catchment is minimal, or sites where best management techniques are applied. This 
was the rationale behind the development of the BoP_IBI as outlined in Appendix 3. 
It is likely that land use changes represent the most dominant factor causing the 
deviation from this reference condition (Clapcott et al. 2011), although changes 
arising from land use intensification may cause a further deviation from the 
reference condition. There is, however, a distinct lack of information on what could 
have been expected from the reference site condition of all streams throughout the 
region due to the widespread degree of land use change, especially in lowland 
regions such as the Rangitaiki and Kaituna plains. This was one reason behind our 
decision to use least disturbed condition (LDC) sites in the development of the 
BoP_IBI (See Appendix 2). 

To overcome this problem, Clapcott et al. (2011) developed predictive models of 
invertebrate communities, and in particular of MCI scores (MCInatural) and EPT 
richness (EPTnatural) that would have been expected throughout New Zealand in the 
absence of human activities. These predicted scores were based on statistically 
established relationships between land uses, environmental variability, and 
ecological responses for individual stream types. Clapcott et al. (2011) also 
estimated current MCI scores and EPT richness that are likely to be observed, given 
contemporary changes in land use (MCIcurrent and EPTcurrent). Both natural and 
current scores were thus used to assess the degree to which invertebrate 
community composition (and therefore EI) has changed at sites throughout the 
region. 
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The Clapcott et al. models were useful to quantify the degree of change to stream 
health over time. The CLUES model was next used to predict water quality 
conditions in the absence of land use change, by assuming no land use modification 
anywhere within the catchment. As with the modelled MCI scores and EPT richness, 
the effects of land use change on specific water quality parameters were assessed 
by comparing modelled CLUES data in the pre-human condition with data from 
contemporary conditions. These ecological and water quality datasets thus enabled 
us to determine whether any relationships existed between the degree of changed in 
ecological communities and the degree of changed in water quality conditions 
arising from land use changes. 

5.2 Methods 

5.2.1 Assessment of ecological integrity 

Modelled MCI scores for both current (MCIcurrent) and prehuman conditions 
(MCInatural) were compared with the observed MCI scores from the NERMN 
monitoring data (MCIobserved). A similar analysis was done for EPT data. By 
comparing the observed scores with the modelled scores from contemporary land 
use changes, the accuracy of the Clapcott et al. models could be assessed. If strong 
relationships were found, it would suggest that the predictive models were accurate. 
This would subsequently allow a comparison between both observed values of MCI 
scores and EPT richness to those scores in the absence of human activity (MCInatural 
and EPTnatural). This would allow us to quantify the deviation to invertebrate 
communities arising as a result of human activities. The magnitude of difference 
between the observed and natural scores (called MCIdifference) indicates the degree to 
which stream health, or ecological integrity, has changed. 

Following this analysis, CLUES modelling was run for current land use activities to 
extract data on modelled concentrations of nitrogen, phosphorus, sediment, and 
bacterial contamination (E. coli counts). The CLUES model was then rerun in the 
absence of land use change from natural conditions. The absolute difference in 
concentrations of these parameters was determined by subtracting the modelled 
contemporary concentrations from the modelled historic conditions. 

Relationships between the magnitude of change in invertebrate communities 
(expressed as the MCI_Difference or EPT_Difference) and the magnitude of change in 
water quality parameters was then assessed by stepwise multiple regression. All 
water quality variables were log transformed to achieve normality for this analysis. 

5.3 Results 

A central part to assessing ecological integrity relied on the use of modelled MCI 
and EPT scores. A significant relationship existed between both modelled MCI and 
EPT scores and current scores, explaining 56% and 58% of the variation, 
respectively (Figure 17). Thus, the MCI scores and EPT richness modelled by 
Clapcott et al. were relatively close to the observed scores, suggesting that their 
empirically based models were accurate. The range of predicted MCIcurrent scores 
(80 – 144) was also similar to the range of MCIobserved scores (75 - 139), and there 
was no significant difference between the means of MCIcurrent or MCIobserved  
(113 vs 110). In contrast, the range of observed EPT richness (5 – 39) was much 
greater than that predicted by the Clapcott et al. model (3 – 20), suggesting that the 
modelled data may have been under-estimating EPT richness within the  
Bay of Plenty region. Nevertheless, these findings gave confidence that the 
modelling work by Clapcott et al. could be a useful tool to allow us to quantify 
change in ecological integrity as a result of land use changes, at least for the MCI 
scores.  
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Because of the under estimation of the modelled EPT taxa richness in the region, 
only the modelled MCI data is considered further in this report. 

 

Figure 17 Relationships between MCI scores from samples collected during the 
NERMN surveys (MCIobserved) and current MCI scores (MCIcurrent) 
estimated from predictive models of variables known to affect 
invertebrate communities throughout New Zealand. Also shown are 
similar relationships between EPT richness from samples collected 
during the survey work (EPTobserved) and modelled EPT scores 
(EPTcurrent). 
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Significant relationships also existed between the MCIobserved and MCInatural 
(Figure 18), although the strength of this relationship was much less (explaining 
34% of sample variability). The slope of the resultant regression line was also much 
lower (slope = 0.42) than the slope of MCIobserved against MCIcurrent (slope = 0.83), 
suggesting a lower range of values for the MCInatural scores than MCIobserved. The 
range of values for MCInatural (118 – 148) was also much smaller than the range of 
values for MCIobserved.(75 – 139). 

 
Figure 18 Relationships between MCI scores from samples collected during the 

NERMN surveys (MCIobserved) and predicted MCI scores in the 
absence of human activities (MCInatural) estimated from predictive 
models of variables known to affect invertebrate communities 
throughout New Zealand. 

Examination of the difference between MCInatural and MCIobserved (called MCIDifference) 
showed that the greatest difference occurred at sites with low MCIobserved scores, and 
the least difference occurred at sites with high MCIobserved scores (Figure 19). This 
highlights that the effects of land use activities on stream health are greatest at sites 
in streams draining catchments dominated by urban or agriculture with the lowest 
MCIobserved. It also suggests that these sites would originally have had much healthier 
invertebrate communities, so the low scores most likely reflect the effects of land 
use changes. 
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Figure 19 Relationships between changes in stream health (assessed as the 

difference in MCI scores in the absence of human activities (MCInatural) 
and current observed MCI scores (MCIobserved)) and current MCI 
scores. Note that stream sites with a lower observed MCI score have 
a greater departure from their natural score. 

ANOVA showed significant effects of dominant land use on calculated MCIDifference 
scores (Figure 20). Post hoc tests showed that the biggest difference in scores 
occurred between stream sites draining native bush and those draining agriculture 
and urban catchments. Thus, MCIDifference was relatively small in stream sites 
draining native bush, and greatest in streams draining agricultural and urban land 
(Figure 20). Sites draining catchments dominated by exotic forestry had 
intermediate values of MCIDifference. Of interest was the finding of the large variability 
as expressed by the "whiskers" on the box plot) in MCIDifference in agricultural streams 
(Figure 20), suggesting that some streams in the region had MCIobserved scores 
relatively close to what was expected naturally, whilst other agricultural streams had 
scores well below these. The low values of MCIDifference in agricultural streams reflect 
the fact that these streams generally have the lowest ecological health in the region, 
presumably reflecting multiple pressures from this land use activity, including 
changes in water quality, loss of riparian vegetation, and reduction in instream 
habitat diversity. Urban streams displayed the greatest range between the 25th and 
75th percentiles (as shown in the box in Figure 20), but this most likely reflected the 
small number of urban streams currently being monitored. 



 

 Environmental Publication 2017/01 – State and trends in river health (1992-2014) 
68 in the Bay of Plenty 

 

Figure 20 Relationships between changes in stream health (MCIDifference, 
assessed as the difference between MCI scores in the absence of 
human activities (MCInatural) and scores currently observed 
(MCIobserved)) and the dominant upstream land use(n = 46 for native;  
n = 11 for Exotic forest; n = 60 for Agriculture; n = 3 for urban). Note 
the generally reduced stream health in streams dominated by 
agricultural and urban land cover. Box-plot conventions as per Figure 
8. 

There was also a significantly greater difference in calculated values of MCIDifference 
in streams in the different biophysical classes. The greatest difference (i.e. where 
MCIDifference was lowest) was in streams draining the volcanic gentle-gradient 
biophysical class, whereas streams draining the volcanic steep-gradient class had 
intermediate differences. The smallest difference was found in streams draining the 
nonvolcanic steep-gradient biophysical class (Figure 21). This again highlights the 
fact that stream health in the volcanic gentle-gradient class appears to have been 
reduced more than stream health in streams in the other classes, presumably 
reflecting the greater intensity and extent of land use activities within this class. 

 



 

Environmental Publication 2017/01 – State and trends in river health (1992-2014) 
in the Bay of Plenty 69 

 
Figure 21 Differences between changes in stream health (MCIDifference, assessed 

as the difference between MCI scores in the absence of human 
activities (MCInatural) and scores currently observed (MCIobserved)) in 
non-volcanic steep gradient streams (n = 12), volcanic gentle gradient 
streams (n = 50), and volcanic steep gradient streams (n = 58). Note 
the generally greater difference in streams in the volcanic  
gentle-gradient class, suggesting that the health of these streams has 
deviated more from that found naturally. Box-plot conventions as per 
Figure 8. 

Stepwise multiple regression of changes in MCI scores against changes in water 
quality parameters showed a significant, albeit weak, negative relationship to 
nitrogen concentration (Figure 22). A similar negative relationship was observed 
between changes in EPT richness and phosphorus concentration (Figure 23), 
although the strength of this relationship was also very weak. 
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Figure 22 Regression between predicted changes in stream health (MCIDifference) 

and changes in predicted nitrogen concentration in streams before 
human activities, and currently observed. 

 

Figure 23 Regression between predicted changes in EPT richness (EPTDifference) 
and changes in predicted phosphorus concentration in streams 
before human activities, and currently observed. 
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5.4 Discussion 

These analyses have unequivocally shown that land use activities represent a 
pervasive pressure that has reduced stream ecological integrity throughout the 
region. There is strong evidence that MCI scores (and by implication other metrics 
describing stream health) have decreased in streams dominated by agricultural and 
urban land use activities, whereas these same streams would have naturally had 
high MCI scores prior to this change in land cover. Fewer changes were observed in 
catchments draining exotic plantation forest, as contemporary scores were relatively 
similar to scores from modelled prehuman conditions. 

The results of the stepwise multiple regression analysis examining relationships 
between the degree of change in invertebrate communities and the degree of 
change in water quality parameters showed significant, but very weak, relationships 
to both instream nitrogen and phosphorus concentrations. This suggests that, 
although these parameters may have been affecting invertebrate communities, the 
overall magnitude of this effect was relatively small. Of interest was the finding that 
other parameters such as increases in predicted sediment concentration did not 
appear to influence changes in invertebrate communities. This runs counter to 
recent experimental work by Piggott et al. (2012) in Otago streams where 
experimental streams were manipulated by changing both nutrient concentrations, 
sediment inputs, and temperature. Although the study produced some interesting 
interaction effects between these stressors, it highlighted the fact that the major 
stressors affecting invertebrate communities in these experimental streams were 
sediments, followed by nutrients. Temperature was observed to have only a weak 
negative response, given the fact that increases in temperature can often increase 
algal biomass, which, in turn, can often lead to increased invertebrate productivity. 

Lack of strong relationships between the degree of change in water quality 
parameters and invertebrate communities suggest that invertebrate communities in 
the Bay of Plenty may be responding to stressors other than water quality. For 
example, habitat diversity may be lower in streams draining modified catchments 
through a loss of riparian vegetation which can provide instream habitat as debris 
jams and snags, as well as energy inputs into streams. Loss of riparian vegetation 
may also increase stream temperature which was not modelled by CLUES. 

Recent work by Death et al. (2015) suggests that management of habitat quality 
such as riparian planting may play important roles in improving ecological condition 
and streams. Parkyn (2004) reviewed the role of riparian vegetation on streams, and 
emphasised the importance of controlling temperature as part of improving stream 
ecosystem health. As part of the NERMN monitoring protocol, habitat conditions of 
all sites are also assessed. A mixture of categorical variables are collected using 
protocols developed by Clapcott (2015), as well as collection of quantitative 
variables measuring factors such as bank undercutting, substrate size, flow type and 
shade. This information has not yet been analysed, so linkages between land use 
and habitat quality, and habitat quality and invertebrate communities have yet to be 
established. It is hoped to conduct this analysis at some stage in the near future, 
especially given the importance of habitat in influencing invertebrate community 
composition (Carter et al. 1996; Maddock 1999; Harding et al. 2009). 
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Part 6:  Assessment of plan effectiveness 

6.1 Introduction 

The Bay of Plenty Regional Water and Land Plan (RWLP) has identified key issues 
facing freshwaters throughout the region as a result of land use change and 
intensification, including adverse effects on water quality (issue 12), and lack of 
suitable riparian vegetation to stabilise the margins of surface water bodies and filter 
surface run-off (issue 13). The RWLP therefore emphasises the importance of 
managing riparian areas to minimise the adverse effects of land use activities. For 
example, Method 24 prioritises the “promotion of sustainable land management, soil 
conservation, the retirement and planting of riparian areas... in areas (d) where 
intensification of land use is occurring, and (e) where there are multiple 
environmental benefits including habitat, water quality, biodiversity, and other 
values”. This is closely aligned to Method 26, which is focused on encouraging the 
retirement or planting of riparian areas to stabilise riverbanks and improve water 
quality. The RWLP also outlines a number of methods which involve monitoring and 
investigating the effects of land use activities on the receiving environment. In 
particular, Method 70 requires “the results of NERMN monitoring to assess the 
effects of land use activities and changes in land use patterns on surface and 
groundwater quality and quantity”. Of more relevance is Method 78, which requires 
the Council to monitor the effectiveness of riparian management and planting on 
water quality and instream biota. This recommendation also clearly follows  
Section 35 (2) (a) of the RMA (1991), where regional councils are to monitor the 
effectiveness and efficiencies of their policies, rules, or methods.  

The NERMN invertebrate monitoring programme was developed to do just this 
(Donald 2014), as it provides our best measure of environmental state (Section 3). 
The NERMN monitoring data can also assess whether stream health is changing 
over time (Section 4). Under Lake’s (2000) disturbance theory, increased land use 
intensification is regarded as a ramp disturbance, and is likely to have further 
stressed invertebrate communities, reducing ecological health over time. However, 
such adverse effects of land use intensification could be to some extent mitigated by 
implementation of riparian protection work as mandated by the RWLP. There 
should, in theory, be observable improvements to stream health as adverse effects 
of land use intensification are minimised by implementation of the methods and 
rules of the RWLP. 

Although the NERMN monitoring shows whether ecological health has changed 
over time (Section 4), there was little information as to the spatial extent of riparian 
planting or fencing in the region arising out of implementation of the RWLP. This 
means it was impossible to determine whether planting and fencing activities were 
having any beneficial effects on stream ecological health. If stream health has 
increased in catchments with extensive riparian protection, then it suggests that the 
methods and rules in the RWLP are effective. However, if stream health has 
declined in catchments subject to riparian enhancement activities, then it suggests 
that, amongst other things: 

1 the extent of riparian planting has not been sufficient to have a demonstrable 
beneficial effect, 

2 the length of time needed for riparian protection to mature has not been 
reached, 

3 the presence of overarching environmental stressors that are responsible for 
the continued decline despite use of riparian protection. 
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The first objective of this section was therefore to determine the extent of riparian 
protection work undertaken by BOPRC at some or all the stream sites currently 
monitored for changes to instream health. This objective required detailed GIS 
analysis using a number of different spatial layers representing forested areas and 
areas where environmental enhancement programmes had been initiated. This 
analysis allowed us to determine what percentage of stream length had been 
protected as part of the Council’s environmental protection programmes. The extent 
to which riparian planting programmes had been implemented in catchments 
throughout the region was then compared to changes to stream ecological 
condition. If ecological conditions were responding to riparian planting, then it was 
assumed that catchments with a higher percentage of riparian protection would 
show improvements in stream ecological condition, or would have a higher 
ecological condition than streams where such environmental protection works were 
not done. 

6.2 Methods 

6.2.1 Assessment of riparian protection 

The basic principle behind the GIS analysis was to calculate the linear length of 
waterways above each invertebrate sampling location, and then calculate the 
percentage of this length where environmental protection work has been undertaken 
by BOPRC, or where the stream was a priori assumed to be protected. The basic 
workflow for this analysis is outlined in Figure 24, and consists of the following major 
steps. 

1 Catchments were defined based on the location of each monitoring site, linked 
to the REC waterway layer. 

2 All stream segments above the sampling location were divided into 10 m 
segments. 

3 Polygons showing areas of riparian protection (including native and exotic 
forest, reserve areas, and areas of registered environmental programmes) 
were overlain over the segmented REC waterway layer. 

4 The number of stream segments that intersect with each of the riparian 
protection polygons were counted and summed (this was called "protected"). 

5 The total length of waterways above each sampling point was calculated (this 
was called "total length"). 

6 The percentage length of protected waterway was calculated as (protected/ 
total length)*100. 

Four key assumptions were made in this analysis. Firstly, it was assumed that all 
identified reserve areas had been fully fenced and protected. Closely related to this 
was the second assumption that all sites in native or exotic forests were equivalent 
to being fully fenced and protected. Although this was a fairly safe assumption for 
native forest streams, many streams in exotic plantation forestry lack riparian 
buffers, and pine trees are often planted, and therefore logged, relatively close to 
streams. However, most of the invertebrate monitoring sites had not yet been 
logged, so it could be assumed that absence of protected riparian strips in these 
areas was relatively inconsequential and that the riparian area was functioning as if 
it was protected. 
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A third assumption was that all areas identified as being fenced and protected were 
in fact excluding stock from accessing streams. The fourth assumption was that all 
environmental protection programmes that had been registered (and therefore 
available in the council GIS layer) were in fact conducted according to their original 
plans. It is acknowledged, however, that due to local conditions, some 
environmental protection schemes may not have been implemented to the extent 
shown in the GIS layers. Our analysis may have over-estimated the extent of 
riparian protection activities in streams if some of these assumptions were not valid. 
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Figure 24 Schematic showing the steps used in the GIS analysis to calculate percentage riparian protection up the stream network 
above each sampling location. 
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Finally, the analysis also did not consider any riparian planting or protection works 
undertaken by private landowners, and not through any council funded schemes. 
Given this, we acknowledge that our assessment of the percentage of protected 
riparian stream length above each site may not be totally accurate, and may have 
under-estimated the amount of riparian protection in a catchment. 

There were also a number of shortcomings and limitations associated with the data, 
including: 

1 Accuracy of the REC stream layer, which sometimes deviated outside the 
‘protected’ polygon layer; - where in reality the whole stretch was protected. 

2 Accuracy of digitised ‘protected’ areas which have been captured at different 
scales. For example the LCDB landcover layer is designed to be used at 
about 1:50,000, and the Council ‘Environmental programme’ Layers would 
have been created at less than 1:5,000. 

3 Completeness of Environmental Programme protected areas. The source 
layer EPactualLine2Poly was created from actual GPS lines that represent 
fences around a protected area. If these are incomplete, the polygon would 
not be formed, and therefore the protected area not fully defined. 

4 Streams were cut into 10 m lengths, so there may be some overlap at 
numerous places, especially at the confluences of waterways within a 
catchment. 

6.2.2 Relationships between riparian protection and stream health 

Relationships between riparian protection and invertebrate metrics were assessed 
by two methods. Firstly, regression analysis was used to see whether there was any 
relationship between the percentage riparian protection and the observed slope of 
change to particular metrics. The Sens slope estimate obtained from the  
Mann Kendall test was used for this analysis. Values of the Sens slope estimate 
would be high if the was any underlying trends in the data, whereas the median 
would be near zero if there were no underlying trends to the data. This analysis 
examined the null hypothesis that there was no relationship between the degree of 
riparian protection and trends in invertebrate metrics. 

A second method was used to detect whether riparian protection resulted in 
improved stream ecological health. Streams were grouped into two classes: those 
where no improvement in ecological metrics was observed, and those where there 
was improvement. T-tests were then used to determine whether any differences 
existed between the percentage of riparian protection between streams in these two 
groups. This examined the null hypothesis that there was no difference in the 
degree of riparian protection between streams that showed trends in improved 
ecological health, and those that did not. 

For both of these analyses, only streams draining agriculture or urban catchments 
were examined. This was based on an assumption that most of the council’s riparian 
protection work is undertaken in streams in these areas. 
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6.3 Results 

6.3.1 Assessment of riparian protection 

The GIS analysis was undertaken on 100 of the 120 stream sites that had been 
surveyed. An average of 80% of the calculated stream length above each sampling 
location had some form of riparian protection, either as just fencing, a mixture of 
fencing and planting, or in the case of native and exotic forest, an assumed degree 
of riparian protection. The lowest riparian protection was calculated at only 7% in the 
Puanene Stream, an agricultural stream near Pongakawa that flowed under  
State Highway 23. Thirty-six stream sites were calculated to have 100% riparian 
protection of the streambed above each sampling site. Of these 21 sites were in 
catchments dominated by native forest 12 in catchments dominated by agriculture, 
and three in catchments dominated by exotic forest. 

ANOVA showed a significant difference in the percentage of riparian protection 
relative to dominant land use (F = 14.79, P <0.001, r2 = 0.321). Not unexpectedly, 
stream sites draining catchments dominated by native and exotic forest had the 
highest proportion of their banks protected (average of 95% and 86% respectively), 
whilst urban sites had the lowest proportion (average of 35%: Figure 25). Stream 
sites draining catchments dominated by agriculture had intermediate levels of 
riparian protection (average of 69%), but this was highly variable (Figure 25). 
Despite this relatively low average, over 77% of agricultural sites had more than 
50% of their banks protected, and 47% of these sites had more than 75% of their 
banks protected. 

 
Figure 25 Box plot showing the average percentage of upstream riparian 

protection in place for stream sites draining four dominant land use 
categories (See Figure 20 for sample sizes for each land use 
category).  

                                            
3 Note that this stream may in fact have had riparian protection in the form of private fencing and/or 
planting, as this analysis only considered riparian protection works done as part of the Council’s 
environmental protection work conducted by the land management officers.  
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Examination of correlations between the percentage land cover in each upstream 
catchment and percentage riparian protection showed significant positive 
relationships between the amount of native forest in the catchment in the amount of 
riparian protection (Figure 26). There were also significant negative relationships 
between the amount of agricultural development within the catchment (Figure 26). 
No relationships existed between the amount of exotic forest in the catchment and 
the degree of riparian protection (Table 15). 

Table 15 Results of regression analysis between percentage upstream land 
cover and percentage riparian protection, showing the model F ratio, 
significant values (P value), and the amount of variation explained  
(r2 value). Also shown is whether the relationship was positive or 
negative. 

Land use F-Ratio p-Value r2 value Nature of 
relationship 

Native_Forest 45.601 <0.001 0.315 Positive 

Exotic forest 2.184 0.143 0.012 n/s 

Agriculture 65.95 <0.001 0.401 Negative 

Urban 8.381 0.005 0.071 Negative 
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Figure 26 Relationships between percentage riparian protection and percentage 

land cover showing a highly positive relationship for native bush (A), 
and the negative relationship for agriculture (B). 

Significant differences were also found between the percentage of riparian 
protection in streams in the different biophysical classes (F = 9.62, P <0.001,  
r2 = 0.168). Streams draining the volcanic gentle-gradient class had the lowest 
percentage of riparian protection, while streams draining the volcanic and 
nonvolcanic steep-gradient had the highest (Figure 27). 

 
Figure 27 Box plot showing the average percentage of riparian protection in 

place in streams draining the three biophysical stream classes. 
Sample sizes as in Figure 21; conventions as in Figure 8. 
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A two way ANOVA was conducted on the data to see whether riparian protection 
differed amongst land use classes within the different biophysical classes. 
Unfortunately, some of these classes did not contain all land use categories, and so 
this analysis was restricted purely to streams draining catchments dominated by 
native forest or agriculture. Two-way ANOVA showed no significant differences in 
the percentage of riparian protection between the three stream classes, but showed 
that streams draining native forest had a higher level of protection than streams 
draining agricultural land. There was also no inter-action between biophysical class 
and land cover, suggesting that the degree of riparian protection was similar 
between land use types in each of the three biophysical classes. The implication 
here is that riparian protection schemes undertaken by BOPRC appear to be 
conducted to a similar extent throughout the region, and between the different 
biophysical classes. 

6.3.2 Relationships between riparian protection and stream health 

Regressions of calculated mean annual Sen slope against the percentage of 
catchments with riparian protection showed significant relationships for only taxon 
richness, QMCI scores, and the BoP_IBI. Although these three metrics were 
positively correlated to the percentage of riparian protection, the strengths of these 
relationships were all very low (explaining less than 10% of the variability). This 
suggests that any effects of riparian protection on the calculated metrics in these 
agricultural streams was at best very limited. 

This contention was supported by results of the t-tests that were conducted to 
determine whether there was any difference between the degree of riparian 
protection between streams with significant trends to biotic metrics, and streams 
where no trends occurred. Significant differences in riparian protection were found 
only in streams with significant trends in EPT_r. Here, an average of 89% of the 
catchment were protected in streams that showed significant increases in EPT_r, 
compared to only 66% of the catchment protected in streams when no such trends 
were evident. This may suggest that improvements to instream health are likely only 
to happen when a large proportion of the riparian environment within a catchment is 
protected. 

6.4 Discussion 

The results of this study demonstrated an absence of strong links between the 
degree of riparian protection in streams and changes in invertebrate community 
composition. This was despite the relatively high average amount of riparian 
protection work undertaken by the council in the region, and the relatively high 
percentage of riparian protection in streams draining agricultural catchments, where 
77% of sites analysed had more than 50% of their upstream banks protected. 
Despite this high amount of riparian protection, the composition of the invertebrate 
communities at these sites had, for most part, not changed over time. 
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6.4.1 Previous studies 

The importance of riparian planting as emphasised in the RWLP is based on our 
conceptual understanding of the benefits of riparian vegetation to stream 
ecosystems (e.g. Collier, Cooper et al. 1995; Parkyn 2004). Although many studies 
have shown that riparian planting has large effects on improving water quality 
conditions (e.g. Parkyn et al. 2003), similar improvements in ecological conditions 
may not occur (Wilcock et al. 2009; Palmer et al 2010; Wahl et al. 2013). This is 
because riparian buffer zones may not achieve ecological benefits when they 
constitute only a small strip of land within a much larger landscape dominated by 
heavily modified agricultural or urban activity. 

For example, Parkyn et al. (2003) assessed the effectiveness of nine riparian buffer 
zone schemes in the North Island, but found that significant changes to the 
invertebrate community towards sensitive "clean water" typical of native forests did 
not occur at most of the sites. They concluded that it may not be possible to achieve 
all water quality, habitat and ecological goals at a particular site, especially when 
upstream areas remain impacted. They emphasised that canopy closure and long 
buffer lengths are required to reduce water temperatures, which were shown to be 
important in restoring sensitive invertebrate taxa. Parkyn et al. highlighted that 
successful ecological restoration may only be achieved over long timescales, and 
that rehabilitation of shade and temperature in waterways may take decades. They 
stressed that inadequate recolonisation of small patches of restored waterways may 
limit invertebrate communities, even when habitat conditions at a site are suitable. 
The findings of Petersen et al. (2004) that adult aquatic insects fly within only a 
narrow corridor of a stream are highly relevant here, as without a continual corridor 
along a catchment, it is not surprising that small-scale planting has little beneficial 
effect on aquatic ecosystems. 

Wahl et al. (2013) also found that restoration of small patches of riparian habitat was 
insufficient to mitigate the severe and large-scale biological degradation observed in 
sites exposed to significant land use activities associated with agricultural or urban 
development. Wahl et al. (2013) highlighted that small-scale ecological 
improvements from riparian planting are often overwhelmed by the large-scale 
influences occurring in the catchment which affect ecological communities through 
changes in hydrology, temperature, stream substrate, nutrient regimes, and 
introduction of potential pollutants. The importance of buffer characteristics such as 
age, buffer length, width, continuity and integrity were also discussed by Wahl et al. 
as influencing the effectiveness of riparian planting. Unfortunately, none of this 
information was available for the present analysis, and it was likely that there were 
different ages, widths, and vegetation types of enhancement projects within any 
particular catchment. Further analysis is planned to tease out any potentially 
confounding effects as to the effectiveness of riparian protection programmes. 
However, the main conclusion of many studies, and of our analysis is that riparian 
restoration will have the greatest benefits when planting riparian zones occurs 
throughout the entire catchment. 
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6.4.2 Factors influencing success 

This analysis just looked at the proportion of upstream stream length with riparian 
protection. It did not consider the width of riparian protection, its age or composition. 
This information could provide further useful insights as to the effect of riparian 
planting. It may be that narrow riparian fencing and planting are ineffective in 
improving stream ecosystem health, and that wider riparian protection areas are 
needed. In her review of the effectiveness of riparian buffer zones in New Zealand, 
Parkyn (2004) highlighted that there are no hard and fast rules as to optimal buffer 
strip widths. However, there is a general consensus that wider buffer strips are more 
effective than the narrower strips in terms of trapping sediment, removing nutrients, 
and contributing carbon inputs to streams in the form of leaf litter and wood. Other 
factors such as bank slope, soil properties, and topography have large influences on 
the effectiveness of riparian buffer strips (Collier et al. 1995; Quinn et al. 2001; 
Parkyn 2004). For example, riparian buffers need to be wider where slopes are 
steep, and where overland flow rates are greater than for lower gradient 
catchments. Parkyn (2004) also highlights that buffer zones may have a limited 
lifespan as pore spaces in soils clog with sediments and thus lose their efficiency at 
trapping phosphorus, and where uptake of nitrate by plants declines as vegetation 
matures. This latter feature of riparian planting can be mitigated by growing plants in 
riparian zones there can be used for harvesting such as flax or Manuka. 

At least some of the riparian protection work implemented by BOPRC has simply 
involved fencing off the margins of streams so that cattle cannot get access. While 
fencing is undoubtedly important in reducing bank erosion due to trampling and 
reducing E. coli inputs by keeping cattle out of streams (Bewsell et al. 2007; Wilcock 
et al. 2013), fencing alone may not result in improvements to ecological condition as 
habitat conditions and other instream water quality parameters such as temperature 
may still be limiting to invertebrate communities. Parkyn et al. (2013) and Death  
et al. (2015) both illustrate the importance of reductions in water temperature on 
improving overall ecological conditions, and suggest that restoration of instream 
communities could only be achieved after canopy closure, with long buffer lengths. 
Such conditions would unlikely occur in streams that had simply been fenced. 

Riparian shading can have large effects on instream energy dynamics and trophic 
levels (Burrell et al., 2014). They studied stream metabolism in 21 streams in 
Canterbury, and showed that gross primary production and ecosystem respiration 
could be significantly reduced with increasing shade from riparian vegetation. 
Because streams draining agricultural catchments are often nutrient enriched, they 
often support significant algal and macrophyte growth. Shading streams through 
riparian planting would reduce this growth, but this may have unintended 
consequences of increasing nutrient export from these streams, given that algae 
and macrophytes can take up significant quantities of nutrients (Horner and  
Welch 1981; Biggs and Close 1989; Bakker et al. 2010). While increased nutrient 
export may not be particularly important in mobile pumice-bed streams where algal 
biomass is limited by substrate stability (Biggs 1996), any increases to the export of 
nutrients from a catchment may have adverse consequences to sensitive 
downstream receiving environments such as estuaries. 
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A similar concern applies to the potential for increased sediment exports from 
streams with riparian planting, as shading a stream can lead to a widening of stream 
channels and a loss of sediment to downstream receiving environments  
(Davies-Colley 1997; Davies-Colley and Quinn 1998). There is a trade-off therefore 
between the desire to enhance and restore riverine ecosystems within agricultural 
catchments and the desire to enhance and restore estuarine environments that may 
be subject to increased imports of both nutrients and sediments if entire streams are 
revegetated (Parkyn 2004; Suren et al. 2004). 

Finally, it may be tempting to assume that the lack of response to the riparian 
protection work simply reflects the lack of time since this work was implemented.  
Recent work by Leps et al. (2016) suggested that restoration age does not appear to 
result in improved ecological outcomes in restored river reaches. They studied  
44 river restoration projects in Germany ranging from 1 to 25 years post restoration, 
and found that restoration age was a poor predictor of community composition and 
change. Instead, catchment scale characteristics appeared dominant in controlling 
community composition. Their results again reinforced the notion that local structural 
improvements to stream habitat alone were insufficient to cure stressors associated 
with catchment wide land use modification. They emphasised that, from an 
ecological point of view, future river restoration is best attained only by  
re-establishing near natural water quality conditions and catchment scale processes.  
This can only be done if sufficient riparian protection is in place throughout a 
catchment. 

6.4.3 Promoting future riparian protection 

In a study examining the adoption of stream fencing amongst dairy farmers, Bewsell 
et al. (2007) highlight the importance of farm contextual factors which influence 
farmers’ decision-making when considering fencing projects. The study identified 
four key drivers for farmers to undertake fencing programmes: 1) fencing 
boundaries; 2) fencing for stock control; 3) fencing to protect animal health;  
4) fencing because of external pressures such as government or council guidelines, 
or industry codes. Beswell et al. highlighted that adoption of stream fencing 
programmes may be slow in the absence of demonstrable on-farm benefits. 

Lack of strong relationships between changes in invertebrate communities (and 
therefore in stream health) and riparian protection could be interpreted as a “failure” 
of the intentions of the Methods in the RWLP. However, it is important to reiterate 
the fact that the observed lack of trends (and in particular negative trends) to most of 
the biotic indices monitored in the streams may in fact reflect the fact that riparian 
protection has actually minimised potential adverse effects of land use 
intensification. Furthermore, it is important to recognise that riparian planting has 
beneficial effects on more than just instream ecology, as assessed with 
invertebrates. Other studies have shown marked beneficial effects of riparian 
protection work on fish communities (Suren et al. 2004), and many studies have 
shown marked improvements to water quality in streams with riparian enhancement. 
Such improvements would have large beneficial effects on other values such as 
contact recreation. Still other studies have shown marked improvements in the 
public’s perceptions of streams following restoration activities (Larned, et al. 2006; 
Jähnig et al. 2011), although this can sometimes decrease over time as plants 
become more established (Suren 2008). 
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However, counter to these benefits is the fact that riparian planting may also provide 
habitat for pest species, both animal and plant, and any form of riparian planting will 
need to potentially manage these unwanted species. Indeed, Bewsell et al. (2007) 
highlight that weed control is often seen as a problem by farmers when fencing 
streams, with concerns about plants such as blackberry, gorse or ragwort. Other 
perceived problems of fencing streams include increased problems associated with 
flooding, particularly damage to fences during floods. 

The importance of riparian protection to stream ecosystems is not disputed. 
Furthermore, there is heightened pressure from stakeholders and central 
government through regulation such as the NPS-FM to maintain instream ecological 
values (e.g. Objective A2 of the NPS-FM). There is arguably a pressing imperative 
for BOPRC to undertake more focused and detailed monitoring as to the 
effectiveness of riparian planting on a number of values such as instream ecology, 
fish, and water quality. Part of such studies could involve further investigation of 
previous and ongoing riparian planting schemes throughout the region using GIS, 
whilst other studies could relatively easily be set up to do detailed before-after 
control-impact studies to document the effect of riparian planting over time at 
smaller spatial scales. This information would prove invaluable to help Council better 
implement their riparian protection programme as well is provide important feedback 
to both Council staff and community groups that quantifies the success of these 
programmes. 
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Part 7:  Synthesis and conclusions 

7.1 Introduction 

This report focussed on the results of the NERMN stream ecological monitoring 
programme that has been running across the Bay of Plenty region at some sites 
since 1991, up to the austral summer of 2014/2015. It was written to provide 
updated information on state and trends in invertebrate health across the region. A 
key secondary objective was to report on the effectiveness of BOPRC’s Land and 
Water Plan, in particular on the adoption of sustainable land management practices 
and appropriate planting of riparian areas to stabilise riverbanks and improve water 
quality. This latter work involved GIS analyses to quantify the degree of riparian 
retirement, fencing and planting programmes conducted by BOPRC through its 
Land Management team activities. The results of the NERMN ecological monitoring 
programme were used in conjunction with riparian protection data to determine 
whether there had been any demonstrable changes to stream health as a result of 
these activities.  

There were four key findings in this report: 

1 Stream health (as assessed by a combination of seven biological metrics) was 
highest in streams draining catchments dominated by native bush or exotic 
plantation forests, intermediate in streams draining agricultural areas, and 
lowest in streams draining urban catchments. 

2 Stream health has not changed considerably at each site over time. This is 
because the dramatic land use changes that have occurred throughout the 
region all happened more than 20 years ago, before monitoring started. 

3 Changes to invertebrate communities arising from land use activities appeared 
unrelated to changes in water quality conditions. Instead, other factors such as 
stream habitat may be controlling invertebrate communities. Habitat may be 
lower in streams draining modified catchments, and this is what has led to a 
reduction in stream health. 

4 The riparian protection work undertaken by the Council to mitigate adverse 
effects of land use activities has not had any demonstrable benefits to 
freshwater invertebrate communities. It is, however, not known if riparian 
protection work has delivered other ecological benefits to, for example, water 
quality or fish communities. 

These four findings are discussed in further detail below. 

7.1.1 State of stream health 

The concept of "stream health" is often difficult to define. A major challenge in using 
invertebrates to indicate stream health is the need to convey the somewhat complex 
community composition information into a series of easy to understand measures 
that can summarise certain attributes of the invertebrate community to obtain an 
overall index of stream health. This is precisely why biotic indices such as the MCI 
and QMCI were developed. Other metrics such as EPT_r, %EPT_r and taxonomic 
richness have also been used widely throughout New Zealand to help transform the 
often complex ecological data into simple numbers, which are more understandable 
by managers. For example, recent initiatives such as LAWA (www.lawa.org.nz) 
report on MCI, taxonomic richness, and %EPT_r as core reporting metrics of 
ecological condition of streams throughout the country. 
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The LAWA webpage also reiterates the four water quality class scores of Stark and 
Maxted (2007) for both the MCI and QMCI, and provides suggested bands of water 
quality for the %EPT_r (Table 16). 

Table 16 Values of the MCI/QMCI and percentage of EPT taxa richness for the 
four water quality classes as shown on the LAWA webpage 
(http://www.lawa.org.nz/learn/factsheets/benthic-macroinvertebrates) 

 
These bands, and their values, present a challenge. Firstly, as highlighted in  
Part 3, different biotic metrics respond to changes in land use in inconsistent ways 
between the three geology-slope stream types outlined in this report (Appendix 1). 
Furthermore, different pictures are obtained when making region-wide assessments 
of stream health through assigning defined stream water quality classes to sites 
using different metrics. For example, large differences were found in the number of 
sites allocated to the four water quality classes (excellent, good, fair or poor) when 
using either the MCI or QMCI (Figure 28). Furthermore, the LAWA proposed cut-off 
scores for %EPT_r appear to paint a worse picture of stream health in the  
Bay of Plenty than the other metrics, as no sites were ranked as “excellent” by this 
metric (Figure 28). The lack of sites scoring "excellent" in terms of this metric may 
simply reflect the fact that the naturally occurring highly mobile pumice bed streams 
may not provide as good habitat for many of the EPT taxa as gravel bed streams. 
Indeed, the average %EPT_r in streams draining native bush (where one would 
expect an “excellent” water quality ranking) was only 51% - at the bottom end of the 
“good” band. Almost 60% of these same sites had values of EPT-r only in the "fair" 
category. These examples highlight the difficulty of using only one or two biological 
metrics to assess stream health, as markedly different pictures emerge depending 
on the metric chosen. Indeed, this was part of the rationale behind the creation of 
the BoP_IBI, which was felt to reflect a "better" assessment of stream health than 
the other metrics. The disadvantage of the BoP_IBI is, however, the lack of any 
ability for national comparisons. 

 

Quality class Description MCI score QMCI/SQMCI score %EPT Taxa 

Excellent Clean water >119 >5.99 >70 

Good Doubtful quality or possible 
mild pollution 

100-119 5.00-5.99 51-70 

Fair Probable moderate pollution 80-99 4.00-4.99 25-50 

Poor Probable severe pollution <80 <4.00 <25 
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Figure 28 Pie charts showing the percentage of invertebrate monitoring sites 

that belonged to one of four water quality classes when assessed by 
using the MCI, QMCI, BoP_IBI and percentage of EPT richness. Note 
the marked difference in water quality classification for the sites, 
including the fact that no sites scored ‘excellent’ in the Bay of Plenty 
in terms of percentage of EPT richness. 

Despite these concerns about the use of biological metrics, the results of our 
analysis of different indices clearly showed a general pattern across different metrics 
that stream health was highest in streams draining catchments dominated by native 
bush or exotic plantation forests, intermediate in streams draining agricultural areas, 
and lowest in streams draining urban catchments. These results reflect the  
long-term responses of the invertebrate communities to the press disturbances 
associated with land use change that occurred many decades ago, prior to the start 
of this monitoring programme. 

7.1.2 Trends in stream health 

All invertebrate metrics were examined for trends. The vast majority of metrics did 
not display trends at any sites, despite being monitored over seven to 26 years. 
Significant trends were only found on 56 occasions, or for 6.6% of the total 
analyses. Furthermore, of the sites where trends were detected, most displayed 
trends in only one of the seven metrics. This implied that the overall community 
composition at the monitored sites was not changing, but fluctuating around some 
form of stable state. 
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Any examination of trends in stream health needs to be put into context of 
disturbance theory, and in particular with press and ramp disturbances. As stated 
above, it is assumed that the original conversion of land use from catchments 
dominated by native bush to catchments dominated by agriculture or urban 
development occurred well before sampling commenced. This earlier land use 
change would have represented a significant press disturbance, which would have 
greatly altered the invertebrate communities from their original state to a new, stable 
state. This new state is generally characterised by lower values of the different 
biological metrics, which generally reflects a loss of sensitive taxa. This new state 
also appears to be relatively stable, even when there is evidence of land use 
intensification. However, any effects of intensification in terms of the potential 
increases in nutrients, sediment or E. coli may have little direct effect on invertebrate 
communities, which have already been greatly altered. Lack of change to stream 
health over time appears to support this hypothesis, and suggests that the current 
invertebrate community composition has reached a relatively stable state in the 
waterways. 

7.1.3 Changes to invertebrate communities 

Models were developed to predict the state of two biotic metrics (MCI and EPT) in 
the absence of human activity in the catchments. These modelled scores were 
compared with observed scores. The greatest difference between modelled and 
observed scores occurred at sites in streams draining agricultural or urban 
catchments, which had low biotic metrics. This highlights that the effects of land use 
activities on stream health were greatest at sites draining agricultural or urban 
catchments. 

Relationships between changes to MCI and EPT scores and changes in water 
quality parameters between pre-human and current conditions were assessed. The 
fact that only weak relationships to either nitrogen or phosphorus concentration were 
observed suggests that invertebrate communities in the Bay of Plenty are 
responding to other stressors. For example, habitat diversity may be lower in 
streams draining modified catchments through loss of riparian vegetation, stream 
channel clearing, or straightening. This information has major implications under the 
NPS-FM, as BOPRC is required to maintain the ecological state of waterways 
throughout the region. Maintenance of ecological state therefore requires accurate 
assessment of relevant pressures responsible for altering ecological conditions in 
the first place. Results of this analysis suggest that such pressures are unlikely to 
reflect water quality changes, but may instead reflect changes to small-scale factors 
such as instream habitat conditions, riparian vegetation and shade. Further work is 
consequently needed to examine the importance of these small-scale factors on 
stream health throughout the region. 

7.1.4 Effects of stream protection work 

An important focus of the Bay of Plenty Regional Water and Land Plan is the 
protection of riparian margins of streams to mitigate adverse effects of land use. Our 
analysis failed to detect strong linkages between the degree of riparian protection 
and changes to invertebrate community composition. Only a few biological metrics 
were correlated to the degree of riparian protection but these relationships were very 
weak. Potential reasons for lack of improvements to ecological health may include 
the inability of invertebrates to colonise these small areas of protected streams, and 
the fact that any small-scale ecological improvements from riparian planting may 
have been overwhelmed by large-scale processes occurring in the catchment. 
Furthermore, some of the riparian protection work implemented by BOPRC has 
simply involved fencing stream margins. 
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While fencing is important for improving water quality, fencing alone may not lead to 
improvements in stream (invertebrate) health, as instream habitat conditions are 
unlikely to be improved, and riparian shade is unlikely to develop to any significant 
extent. 

This attempt at measuring plan effectiveness relied on accurate quantification of 
changes to ecosystem health in sites over time, as well as quantification of the 
degree of riparian protection in the catchment above each sampling location  
(Figure 29). Changes to stream health relied on well-known assessments and 
methodologies employed by ecologists throughout the country, whereas quantifying 
riparian protection involved GIS techniques. These techniques utilised a number of 
GIS spatial layers available to the Council, and are likely to represent a conservative 
estimate of actual riparian protection in a catchment. 

 
Figure 29 Conceptual diagram showing linkages between assessments of 

ecosystem health and the degree of riparian protection implemented 
for streams across the region through methods and rules in the 
RWLP. Although this report clearly illustrates that we can quantify 
ecosystem health, riparian protection, and linkages between the two 
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(), other important processes occurring in catchments have not 
properly been quantified (?). These include accurate data on land use 
intensification, as well as information identifying pressures such as 
habitat loss, sedimentation and eutrophication on streams as a result 
of land use intensification. Without this information, it is difficult or 
impossible to determine the real success of methods and rules in the 
RWLP. 

The links between riparian protection and stream health advocated in the RWLP 
were examined to assess if stream health was improving (Figure 29). The results of 
our analysis showed little improvements in stream health over time, and absence of 
strong links between ecosystem health and the degree of riparian protection. The 
reasons for this are difficult to explain in the absence of information that properly 
characterises and quantifies pressures on streams being monitored. 

However, potential reasons could include insufficient protection of riparian margins 
throughout catchments, or simply insufficient time to allow stream ecosystems to 
respond to riparian protection. Other reasons may, however, reflect the fact that at 
least some parts of riparian protection does not include planting of riparian 
vegetation, but instead only involves fencing waterways. Fencing alone will do little 
to improve instream habitat conditions, and will not provide shade needed to reduce 
stream temperature. Further analysis of riparian protection data is obviously needed 
to assess stream margins which have been fenced, or fenced and planted, as well 
as to calculate the areas (i.e. length x width) of riparian protection along each 
stream. This may provide more information as to the subtle differences between the 
effectiveness of different riparian protection measures employed throughout the  
Bay of Plenty. 

Finally, it is clear that more information is needed about conditions within each 
catchment being monitored. Without information on land use intensification, or on 
changes to small-scale habitat quality, it is impossible to properly characterise the 
pressures that streams are under. Monitoring changes to stream health and 
attempting to assess the effectiveness or otherwise of rules in the RWLP is of 
limited value without understanding the pressures streams are facing. It is therefore 
recommended that this information is collected in as greater detail as possible from 
at least some of the monitored catchments. Ideally such information would include 
the following data at the catchment level: 

1 Stocking densities. 
2 Application of nutrients/fertilisers. 
3 Harvesting activities. 
4 Areas under horticulture, and any changes to this. 
5 Areas of urban development, and imperviousness. 

Only by understanding and quantifying pressures within individual catchments can 
we truly assess linkages between land use intensification, stream health, and the 
effectiveness of riparian protection schemes employed throughout the region. 

7.2 Recommendations for further work 

This report has identified a number of recommendations for extra work. These 
recommendations fall into four main categories, as discussed below. 
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7.2.1 GIS riparian protection assessments 

One of the challenges faced by the GIS analysis was obtaining accurate and  
up-to-date information as to the extent of riparian protection schemes. Clarification is 
needed as to how this information is collected in the field, what types of information 
are collected, and where this spatial information will be stored. 

Given the importance of the riparian protection work done by BOPRC, and the need 
to monitor the ecological implications of this work, further work is required to 
interrogate the environmental enhancement GIS database layer in more detail to 
obtain other information such as riparian buffer width, age, and whether 
enhancement work has involved fencing, or a combination of fencing and planting. 
This analysis may provide more information as to the subtle differences between the 
effectiveness of different riparian protection measures employed throughout the  
Bay of Plenty. 

7.2.2 Initiate more focussed assessments of riparian protection effectiveness 

The RWLP emphasises the importance of managing riparian areas to minimise the 
adverse effects of land use activities, and has specific rules and methods to achieve 
this. The RWLP also outlines methods for monitoring and investigating the effects of 
land use activities on the receiving environment. Moreover, other methods in the 
RWLP emphasise the need to monitor the effectiveness of riparian management 
and planting on water quality and instream biota. 

How well then, does the current SoE invertebrate monitoring programme help 
answer policy effectiveness? The rationale behind site selection of the 118 NERMN 
invertebrate monitoring sites is unknown (Suren 2013), although the original sites 
selected by Donald in 1991 were a subset of water quality monitoring sites from 
where quantitative invertebrate samples could be collected. In his review of the 
NERMN monitoring programme, Suren (2013) showed that some land use classes 
were under-represented in the current monitoring programme, especially sites 
draining exotic plantation forests. Nevertheless, there were a large number of sites 
draining heavily modified catchments dominated by agriculture, in which some form 
of riparian protection programme has been implemented. The analysis presented in 
this report is therefore based on assessments of riparian protection in this random 
subset of streams throughout the region. By randomly selecting streams which may 
or may not have been subject to riparian protection, and monitoring these over time, 
an assumption is made that any riparian protection works undertaken in the 
catchment would have an effect on invertebrate communities. This is an untested 
assumption, and ignores the fact that other pressures operating in a catchment may 
override the impacts of riparian protection. Moreover, this report has only assessed 
the response of invertebrate communities to riparian protection, and no other 
ecosystem components. 

Given the large focus of riparian protection in the RWLP, BOPRC should undertake 
more focused and detailed monitoring as to the effectiveness of riparian protection 
on a number of values such as instream ecology, fish and water quality. Such 
studies could include further investigation of previous and ongoing riparian planting 
schemes throughout the region using GIS, whilst other studies could relatively easily 
include detailed before-after control-impact studies to document the effect of riparian 
planting over time at smaller spatial scales. These studies may also require more 
than one site within a catchment, which the present SoE monitoring generally does 
not provide. This information would prove invaluable to help Council better 
implement and report on the success of its riparian protection programmes. 
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7.2.3 Links between habitat and stream health 

Although much emphasis of ecosystem health is placed on water quality 
parameters, results from this report strongly suggest that water quality alone may 
have little direct effect on invertebrate communities. The importance of habitat 
diversity in affecting stream health was repeatedly highlighted in this report (See 
Parts 4 and 5). Habitat diversity may be lower in streams draining modified 
catchments through a loss of riparian vegetation that can often form debris jams and 
snags in streams and which can provide significant energy inputs into streams. As 
part of the ongoing stream monitoring programme, a wide range of habitat 
information is also routinely collected. This habitat data includes measurements of 
stream size, bank undercutting and overhanging riparian vegetation, substrate size, 
hydraulic habitat (i.e. percentage of riffles, runs and pools), and overhead shade. 
Some of this information is qualitative and some is semi-quantitative. 

None of this habitat data has yet been analysed, so linkages between land use and 
habitat quality, and habitat quality and invertebrate communities have yet to be 
established. It is recommended that this analysis be conducted, as it might highlight 
the importance of habitat conditions in influencing invertebrate community 
composition, and consequently overall stream health. This has important 
implications for BOPRC’s ongoing riparian protection work, as well as developing 
appropriate tools for more rigorous and routine monitoring of stream habitat 
conditions throughout the region. 

7.2.4 Better assessment of catchment pressures 

Under the NPS-FM, regional councils have to ensure that ecosystem health is 
maintained or improved in the region. As highlighted in this report, the ecological 
condition of streams appears to be largely a reflection of past land use changes, as 
well as the potential effects of more recent land use intensification. However, under 
the current SoE monitoring programme, there is little attempt to accurately assess 
relevant pressures that may be responsible for altering ecological conditions in the 
first place. The absence of information to properly characterise and quantify 
pressures on streams makes it difficult to determine the reasons why stream health 
is degraded, and why stream health has not appeared to change despite the amount 
of riparian protection established throughout the region. 

It is recommended that information be collected in as greater detail as possible from 
at least some of 120 catchments that are currently monitored. Ideally such 
information would include the following data at the catchment level: 

1 Stocking densities. 
2 Application of nutrients. 
3 Harvesting activities. 
4 Areas under horticulture, and any changes to this. 
5 Areas of urban development, and imperviousness. 

Understanding and quantifying pressures within individual catchments will hopefully 
allow us to better examine linkages between land use intensification, stream health, 
and the effectiveness of the rules and methods of the RWLP employed throughout 
the region. 
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Appendix 1 - Spatial considerations 

1 Summary 

1 Stream health is a reflection of the interaction of a wide range of natural 
environmental factors such as climate, source of flow and geology. Human 
activities in the catchment such as forestry, farming and urban development 
(i.e. land use activities) also affect stream health. Because natural factors can 
constrain a waterway’s inherent character, streams need to be grouped 
according to overarching natural factors that constrain ecological and water 
quality conditions. This is necessary to avoid making comparisons between 
streams that are inherently different. 

2 A proposed biophysical spatial classification based on geology-slope is 
presented. An analysis was done to assess how representative sites in the 
current SoE monitoring programme were of waterways throughout the region. 
Streams draining volcanic geology in both gentle and steep catchments were 
well represented, while non-volcanic streams of both slope classes were 
underrepresented. This under representation most likely reflects access 
difficulties throughout much of this steep, dissected country draining the 
eastern part of the region. 

3 Streams draining exotic forestry and native forest were also underrepresented. 
This has been addressed in the most recent sampling round conducted in 
2014/2015, with the addition of 18 sites draining plantation forest and five sites 
draining native forest. However, data from these new sites have not been 
included in this report. 
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1.1 Introduction 

There are approximately 18,300 km of waterways throughout the Bay of Plenty 
region, ranging from very small streams that can easily be stepped across right 
through to large rivers such as the Rangitaiki, Whakatāne, and Mōtū. Waterways in 
the region also flow through a variety of contrasting land uses, including relatively 
undisturbed native forest, pine plantations (at various stages of their growing and 
harvesting cycle), agricultural land (including dairy and beef farming, horticulture, 
and cropping such as maize), and urban areas. As highlighted in Part 2, major 
environmental gradients occur between the sampling sites, reflecting factors such as 
distance to sea, slope, catchment area, January air temperature and hydrology 
(including flood frequency and flow (both median and low flow)). Land use 
intensification from native bush to exotic bush, pasture or horticulture are also 
important gradients, as was predicted CLUES N yield. 

Stream ecological health is a reflection of the interaction of a wide range of 
environmental factors such as climate, source of flow; geology and land cover 
(Snelder and Biggs 2002). These factors exert their influence on streams at a range 
of spatial scales. For example, climatic variables operate at large spatial scales 
(10’s to 100s of square kilometres), while variation in land cover would operate at 
smaller spatial scales (hectares to square kilometres). Local-scale environmental 
factors such as substrate size and stream slope, width, depth and velocity vary at 
even finer spatial scales, from metres to kilometres. These factors interact to impose 
natural constraints on a waterway’s inherent character and subsequent ecological 
communities. For example, small waterways draining native forest sites in steep 
catchments will have very different invertebrate communities than larger rivers 
draining modified catchments in low lying, flat areas. The former streams are likely 
to be dominated by taxa such as mayflies, stoneflies, and caddis flies, while the 
latter streams are like to be dominated by midges, worms, and snails. 

Under the recently released National Policy Statement for Freshwater Management 
(NPS-FM, MfE 2014), regional councils have a legislated requirement to maintain or 
improve overall water quality within a region. This means that adequate monitoring 
of the full range of waterways found within each region is essential to ascertain if 
councils are meeting their statutory obligations. To help with this, it is necessary to 
group streams according to overarching environmental factors that constrain 
ecological and water quality conditions. These groups form part of a spatial 
classification of waterways which will be used to identify the current ecological state 
while ensuring that such comparisons are not confounded by natural differences 
between streams caused by factors such as climate, flow regime or geology. 

A number of spatial classifications already exist, including the River Environment 
Classification (REC), and the Freshwater Environments of New Zealand (FENZ). 
The REC was developed by NIWA for MfE to provide a spatial framework for 
regional (or larger) scale environmental monitoring and reporting, environmental 
assessment and management (Snelder and Biggs 2002). It was developed to 
discriminate spatial variation in a wide range of stream characteristics, including 
physical and biological characteristics. It is a multiscale classification, delineating 
patterns at a range of scales from approximately hundreds of km2 (four climatic 
variables) down to 1 km2 (for land cover variables). As with any classification, there 
are trade-offs between the strength of a classification and its resolution. For 
example, the LCDB3 land use classification includes eight classes, giving a 
relatively high degree of resolution within a catchment. For example, it divides 
agricultural landcover into both pasture and horticulture. However, the REC groups 
these together and simply refers to pasture streams, which includes all intensive 
agriculture such as pasture grazing, cropping and horticulture (Snelder et al. 2010). 
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Such a loss of resolution needs to be balanced with arguably an easier to use 
classification system. 

In contrast to the REC, FENZ is a hierarchical multivariate classification system 
based on environmental factors that are a priori known to influence aquatic 
communities. Such factors include climate related variables, flow, nutrient status, 
shade and substrate size. While some of these factors (e.g. climate) are obtained 
from actual measurements, others (e.g. substrate size and shade) are derived from 
empirical models and extrapolated throughout the country. Because the FENZ 
classification is hierarchal, a decision needs to be made as to how many individual 
groups will be used. A trade-off exists between having a high number of 
classification groups (each with low between stream variability), compared to a low 
number of classification groups (each with high between stream variability). 

Some regional councils (e.g. Canterbury Regional Council) have developed spatial 
classifications based on the REC, whilst others (e.g. Greater Wellington  
Regional Council) have used FENZ. In a review of the NERMN invertebrate 
sampling programme, Suren (2013) recommended the use of a spatial classification 
based on geology and source of flow. More recently, Suren and Carter (2015) 
suggested a spatial classification based on geology and substrate type which 
explained a high degree of variability to water quality, invertebrate and fish 
communities. This classification resulted in four groups, consisting of a combination 
of volcanic or nonvolcanic geology and soft-bottomed or hard-bottomed streams. 
The geology classification was based on the REC geological layer, but simplified 
into two geological classes: volcanic and nonvolcanic. It reflected the major 
geological gradient that occurs found throughout the Bay of Plenty, arising from its 
complex history of volcanic activity, and the pervasive influence of massive historic 
eruptions from the Ōkataina and Taupō volcanic centres. These eruptions resulted 
in large amounts of tephra (volcanic air fall material) being deposited in the central 
and western parts of the region. Pyroclastic flows also covered these areas, forming 
large ignimbrite deposits. This volcanic material contrasts sharply to the hard 
sedimentary geology characteristic of the eastern Bay of Plenty. 

The substrate size classification divided streams into either hard-bottomed, or  
soft-bottomed. Soft-bottomed streams were generally restricted to the flat coastal 
areas throughout the region, although a large proportion of streams in the  
Rangitaiki Catchment were also classified as soft-bottomed, reflecting the generally 
flat topography in this area, and dominance of volcanically derived pumice material. 
Selection of substrate size as a classification variable is not surprising given the 
dominant role that substrate has on invertebrates (Rabeni and Minshall 1977;  
Death 2000; Biggs et al. 2003). 

However, Suren and Carter (2015) raised concerns about the accuracy of predicted 
substrate size against measured substrate size. Although significant relationships 
existed between predicted and measured substrate size, the strength of this 
relationship was relatively low, explaining only 23% of the variation (Suren and 
Carter 2015). This means that there was likely to be a relatively large degree of 
uncertainty as to the accuracy of the substrate size allocation into hard or soft 
bottomed streams at a regional perspective. This uncertainty was one of the 
reasons behind Snelder et al. (2016) suggesting an alternative classification based 
on geology-slope as a basis for a spatial classification. This alternative classification 
explained a higher degree of variability to water quality than the geology-substrate 
classification, and although it explained less variability in invertebrate communities 
than the geology-substrate classification, it still explained a highly significant amount 
of variability. Furthermore, slope alone explained almost as much variability in 
invertebrate communities as the combined geology-substrate classification. 
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Given the undoubted importance of geology in influencing both water quality and 
flow within the region, it seemed logical to use the geology-slope classification as an 
alternative to the original geology-substrate classification of Suren and  
Carter (2015). 

A number of advantages also exist in using the geology-slope classification. Firstly, 
average upstream catchment slope is relatively easy to accurately calculate, based 
on a digital elevation model. Secondly, slope is a powerful driver of stream 
hydraulics, with hydraulically relevant parameters such as velocity, Froude number, 
and shear stress being highly correlated to slope. Thirdly, regression analysis 
showed highly significant relationships between slope and substrate size, with steep 
streams supporting coarser substrates. Use of the geology-slope classification 
resulted in the creation of four classes. However, very few streams were from the 
non-volcanic gentle-slope class, and so all these were combined with the  
non-volcanic streams. The total length of waterways belonging to the three different 
geology-slope classes was then calculated to obtain a quantitative description of the 
waterways in the region. This information was used to determine how representative 
sites in the current SoE monitoring programme were of waterways throughout the 
region. Identification of any gaps would help with modifications and additions to 
future monitoring locations for the NERMN programme. 

1.2 Methods 

The representativeness of all NERMN sites in relation to rivers throughout the region 
was assessed using techniques outlined in Snelder and Scarsbrook (2005). Briefly, 
this involved calculating the proportion of NERMN sampling sites of a particular 
classification class to the total number of NERMN sites throughout the region. The 
proportion of river lengths in each class throughout the region was also calculated, 
and expressed as a proportion to the total river length in the region. The ratio of the 
first proportion to the second proportion illustrated the representativeness of the 
NERMN sites to other waterways within the region. Numbers close to 1 suggest that 
the number of sites in the NERMN was similar to the ratio of waterway length in that 
class; numbers greater than 1 indicate an over representation of sites within the 
NERMN when compared to waterway length; numbers less than 1 indicate under 
representation. 

1.3 Results 

1.3.1 Spatial descriptions: invertebrate monitoring sites 

The majority of the 120 stream invertebrate monitoring sites belong to the warm wet 
climate class (61% of sites), followed by the cool wet class (28% of sites). The warm 
extremely wet and cool extremely wet climate classes have 8% and 6% of stream 
sites in them, respectively. Most stream sites (73%) are classified as lowland source 
of flow, while 24% are classified as hill fed. Only four sites (the Wairoa, Waiohewa, 
and the NERMN and NRWQN sites on the Tarawera River at the lake outlet) are 
lake fed. Most sites (90%) are in catchments dominated by volcanic geology, while 
the remainder are in catchments dominated by non-volcanic material such as hard 
sedimentary rock. Just over half (63) the sites are from soft bottomed streams, while 
the rest (57) are from hard bottomed streams. 

Half the sites are in catchments dominated by pasture, while 38% of sites flow 
through catchments dominated by native forest, or other natural vegetation. Eleven 
sites (9%) are in catchments dominated by exotic plantation forest, while three sites 
are in urban areas. 
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Considering the geology-slope type classification, 58 sites (48%) belong to the 
volcanic steep-slope class, while 50 sites (42%) belong to the volcanic gentle-slope 
class. Another 12 sites (10%) belong to the nonvolcanic class (both slope classes 
combined). 

1.3.2 Spatial descriptions: waterways throughout the region 

Examination of the REC database showed a total of 25,897 stream reaches within 
the Bay of Plenty region. Most streams (48%) belong to the cool wet climate class, 
and were located mainly in catchments well away from the coast. A further 36% of 
streams belong to the warm wet climate class. These streams are generally in low 
lying areas within 30 km of the coast (Figure 30). The other relatively common 
climate class is the cool extremely wet class, comprising 16% of waterway length 
throughout the region. Streams in this class are restricted to higher elevation areas 
in the eastern Bay of Plenty, as well as areas inland around the Rotorua lakes, and 
the Kaimai Ranges. Other climate classes comprise less than 5% of total waterway 
length, and are distributed throughout the region (Figure 30). 

Just over half the streams (53%) in the region are classified as hill fed, with lowland 
streams being the second most common source of flow (43%). As expected, the 
distribution of the streams is strongly related to altitude (Figure 30). Almost 75% of 
waterways flow through catchments dominated by volcanic geology, while 23% of 
waterways are dominated by non-volcanic hard sedimentary rock. Hard sedimentary 
rock is restricted mainly to the eastern Bay of Plenty, and to the Galatea Plains 
(Figure 30). Miscellaneous rock and alluvium are only rarely found in the region, and 
restricted to sites either near East Cape or areas around Pāpāmoa or  
Matakana Island. 

Four major land use activities were found, dominated by catchments draining native 
forest or tussock (45.5% of waterway length). These catchments were found mainly 
to the east of the Rangitaiki River, although small patches of native vegetation 
existed around the Rotorua lakes, and Kaimais (Figure 30). Pasture is the second 
most common land cover, draining 31% of waterway length. This land use was 
restricted to lowland areas throughout the region, as well as areas around the 
Rotorua lakes, and Galatea Plains, and the headwaters of the Rangitaiki River 
(Figure 30). 21% of waterways drain catchments dominated by exotic forestry, and 
forestry plantations are found throughout the region at mid or high elevations. In 
particular, the central and western areas of the Rangitaiki catchment contain 
extensive exotic forestry plantations. 
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Figure 30 Maps showing the spatial distribution of waterways throughout the Bay of Plenty region according to different climate, source 

of flow, geology and land use REC classes.
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Half of the almost 26,000 stream reaches are small first order streams (draining an 
average catchment area of 0.55 km2), and almost another quarter are second order 
(draining an average catchment area of 2.71 km2). A further 13% of streams are 
third order (Figure 31), draining an average catchment area of 11.5 km2. Thus, 
approximately 88% of streams throughout the region are represented by small,  
third-order (or less) streams draining relatively small catchments. This result 
highlights the numerical importance of small streams throughout the region. This is 
important, as small streams have much closer links to the surrounding landscape 
than larger rivers. Consequently, they are greatly influenced by conditions within the 
catchment and are more likely to reflect immediate catchment conditions than bigger 
rivers. 

 
Figure 31 Percentage of stream sites allocated to the different stream order 

classes within the Bay of Plenty region (blue bars) or sampled as part 
of the NERMN invertebrate monitoring programme.  

Examination of the invertebrate monitoring data showed that only about 10% of 
stream sites are first order (draining an average catchment area of 0.97 km2), 
whereas c. 30% are second or third order. These larger streams drain an average 
catchment area of 4.3 and 14.4 km2 respectively. This finding implies that the 
NERMN sampling protocol is under representing small first order streams which are 
found throughout the region. However, many of these streams may have been too 
small for sampling, or could be ephemeral, limiting their use as monitoring sites. 
Indeed, observations throughout the Rangitaiki catchment showed that many first 
order streams in the REC network are in fact ephemeral, and represent only 
intermittent flow channels that are defined purely on the basis of a topographical 
depression (Suren 2014). Moreover, examination of the current invertebrate 
monitoring data also show that many of the smaller streams are not sampled every 
year as they were occasionally dry. Finally, many of the first order streams identified 
in the REC GIS layer are also likely to be small tributaries in the headwaters of 
larger rivers draining native forest.  As such they would be inaccessible for 
sampling. The NERMN sites were particularly over representing 3-5th order streams 
(Figure 31), but these stream orders represent wadeable streams where most 
biological monitoring is conducted. Biological monitoring of larger order rivers  
(6th order and above) becomes more problematic due to the absence of clearly 
defined protocols for collecting samples from large deep rivers.  
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Most of these larger rivers were sampled using a Surber samples from shallow riffle 
areas, and as such may not fully represent the ecological conditions of the river. 
However, these shallow areas are likely to have higher biodiversity and/or 
productivity than deeper, faster flowing areas, and so represent good sentinel 
habitats in large rivers to monitor (see Collier et al. (2014)). All the larger order sites 
in the NERMN programme have been sampled by NIWA as part of the NRWQNN, 
or were initiated by Donald since 1992, giving the longest time-frames by which to 
detect trends. These streams were mainly restricted to the gravel-bed braided rivers 
in the eastern part of the region where shallow environments could be sampled. 
However, single-thread rivers such as the Rangitaiki, Tarawera, Kaituna and 
Mangamate that flow through pumice dominated geologies would represent more 
challenges to sample, and techniques developed for deep rivers such as air lift 
sampling (Collier et al. 2013) may need to be used. 

1.3.3 Site representativeness 

Representativeness of the NERMN sites in comparison to the regional picture was 
next assessed. For the Climate class, both the Cool-Wet and Cool-Extremely Wet 
classes were under represented, while the Warm-Wet and Warm-extremely Wet 
classes were overrepresented (Table 17). For Source of Flow, Hill country sites 
were under represented, whereas Lowland and Lake fed sites were only slightly 
overrepresented in the NERMN programme. No mountain fed sites were sampled in 
this programme, however these contributed less than 3% of total waterway length in 
the region, and so were not considered common enough to sample. The dominant 
catchment geology in the region was volcanic, and these were well represented in 
the NERMN programme. Sites draining hard sedimentary catchments were under 
represented, while sites draining mudstone were overrepresented. Given the low 
contribution of other geological types (soft sedimentary, and alluvium), it was 
decided to simplify all the geological material into just two groups: volcanic and 
nonvolcanic (i.e. hard sedimentary, soft sedimentary, mudstone and alluvium). 

Examination of land cover data showed that urban streams were well 
overrepresented in the NERMN programme (Table 17), as were streams draining 
catchments dominated by pasture. However, continued expansion of urban 
development in the region and the need to minimise adverse effects of this  
(e.g. Suren and Elliot (2004); Meyer et al. (2005); Walsh et al. (2005)) means that 
the number of urban streams (4) was not regarded as excessive. Indeed, there may 
be a need to increase the number of urban streams being monitored. Streams 
draining catchments dominated by pasture were also overrepresented, and there 
may be some sites that could be dropped in the interests of picking up new sampling 
sites in streams draining underrepresented land uses such as exotic forestry  
(Table 17). Recommendation eight in the recently completed review of the NERMN 
invertebrate programme (Suren 2013) also suggested that the number of sites 
draining exotic forests should be increased where possible, in both volcanic and 
non-volcanic catchments. This recommendation was implemented in the 2014/2015 
sampling season, with an extra 23 sites being sampled: 18 from exotic forest and 
five from native bush. This new data was not available in time for inclusion in this 
report. 

The number of streams draining both gentle and steep catchments was very 
representative of conditions throughout the region (Table 17). Streams draining 
steeper catchments were minorly more numerous that those draining gentle 
catchments, both in the NERMN sites and naturally. This most likely highlights the 
large numbers of streams draining hilly parts in western, central and eastern areas 
of the region, and restriction of gentle sloped catchments to areas within the 
Rangitāiki and Kaituna catchments, and lowland areas around the coast. 
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Examination of the representativeness of the NERMN samples when classified 
according to the geology-slope biophysical framework showed that volcanic streams 
(both steep and gentle) were well represented by the NERMN sampling, while  
non-volcanic streams of all slope classes were generally under-represented (Table 
18). 

Table 17 Calculation of site representativeness of the NERMN sites when 
compared with streams throughout the region for different climate, 
source of flow, geology and land cover classes. Shading indicates 
whether particular REC classes were under represented (light red), 
overrepresented (light blue), or sampled roughly according to the 
proportion found in the region (green). 

REC class Number of 
NERM sites 

Total length 
of class 

(km) 

Length of class as 
a proportion of total 

river length (%) 

Representation 
of class by 

NERMN sites 
Climate     

Cool-Wet 30 8021.9 43.4 0.57 

Cool-Extremely Wet 7 2894.3 15.6 0.37 

Warm-Dry  103.1 0.6  

Warm-Wet 73 6789.9 36.8 1.65 

Warm-Extremely wet 10 648.6 3.5 2.37 
     

Source of flow     

Hill-fed 29 9855.2 53.4 0.5 

Lowland-fed 87 7901.1 42.8 1.7 

Lake-fed 4 549.8 3.0 1.1 

Mountain-fed  156.6 0.8  
     

Geology     

Non-Volcanic 12 4693.6 25.4 0.4 

Volcanic 108 13769.2 74.6 1.2 
     

Land cover     

Agriculture 60 5653.0 30.6 1.6 

Exotic-Forest 11 3930.2 21.3 0.4 

Native 46 8481.5 45.9 0.8 

Urban 3 210.3 1.1 2.2 
     

Slope Class     

Gentle 50 7967.7 43.2 1.0 

Steep 70 10192.8 55.2 1.1 
     

Geology-slope     

VA/Gentle 62 7744.5 41.9 1.2 

VA/Steep 46 5771.9 31.3 1.2 

Non_VA/All 12 4644.1 25.2 0.4 
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1.4 Discussion 

Analysis of the representativeness of the NERMN sites when coded to the  
geology-slope classification showed that streams draining volcanic geology in both 
gentle and steep catchments were well represented, while non-volcanic streams of 
both slope classes were underrepresented. This under representation from areas 
dominated by non-volcanic geology most likely reflects access difficulties throughout 
much of this steep, dissected country draining the eastern part of the region. This is 
likely to also explain why hill-fed streams were also under-represented. These areas 
were also often dominated by native forest, where presumably land use pressures 
are not occurring. Lack of such land use pressure may have been the reason why 
historically samples were not collected from catchments dominated by native 
vegetation. 

A key part of the invertebrate monitoring programme is to assess the effects of land 
use activities on waterways. Assessment of representativeness according to land 
cover alone showed that exotic forestry sites in particular were under represented, 
as were sites from native forest - although to a lesser extent (see Table 17).  
Under-representation of sites draining forestry catchments was also highlighted by 
Suren (2013) in his review of the NERMN invertebrate monitoring programme. 
When the same land cover representativeness assessment was done of sites 
grouped according to the geology-slope typology, again it was clear that exotic 
forestry sites were under represented in all spatial classes (Table 18). In contrast, 
sites draining native forest were well represented in both steep and gentle sloping 
catchments draining volcanic geology. These streams were under-represented in 
the non-volcanic streams, found throughout the eastern part of the region and 
extending to the Ikawhenua Ranges to the east of the Galatea Plains. Many streams 
in this area are largely inaccessible, and dominated by native forest. The NERMN 
programme sampled only nine streams in these areas, which is much less than what 
would be needed to sample a representative number of streams. This 
underrepresentation of sites draining both exotic forestry and native forest has been 
addressed in the most recent sampling round conducted in 2014/2015. 

Table 18 Calculation of site representativeness of the NERMN sites when 
assigned to their geology-slope classification for different land cover 
classes. Shading indicates whether particular land cover classes 
were under represented (light red), overrepresented (light blue), or 
sampled roughly according to the proportion found in the region 
(green). 

 Geol_Sub Native Ex_Forest Pasture Urban 

Region_Percentage VA/Gentle 5.3 14.4 22.3 0.7 

 VA/Steep 19.5 5.7 6.5 0.0 

 Non_VA/All 21.8 1.5 2.0 0.4 

NERMN_Percentage VA/Gentle 5.0 4.2 30.0 2.5 

 VA/Steep 25.8 4.2 18.3 0.0 

 Non_VA/All 7.5 0.8 1.7 0.0 

Representativeness VA/Gentle 1.0 0.3 1.3 3.5 

 VA/Steep 1.3 0.7 2.8 0.0 

 Non_VA/All 0.3 0.6 0.8 0.0 
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Figure 32 Spatial representation of waterways throughout the Bay of Plenty 

when classified according to the proposed geology–slope spatial 
classification. 
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Appendix 2 - Selection of Reference Sites 

2 Summary 

1 Following the development of a biophysical classification (Appendix 1), 
appropriate reference sites were identified so that conditions in non-reference 
(i.e. test or impacted) streams could be compared to conditions in the relevant 
reference streams. This effectively “normalises” changes in ecosystem 
condition that reflect natural large-scale environmental factors that are not 
associated with land use changes. 

2 Reference sites were selected based on dominance of native forest in 
catchments and a low proportion of pasture or urban land cover. Rules for 
reference site identification in volcanic gentle-gradient catchments were 
relaxed to include catchments dominated by forest vegetation (i.e. either 
native or exotic plantation forestry). This definition reflected the greater degree 
of land use change in this stream class and lack of catchments dominated by 
native forest. These latter reference sites represent the “least disturbed 
condition” streams (the best available physical, chemical, and biological 
conditions in a particular landscape), or the "best attainable condition” streams 
(where the best possible management practices to minimise impacts on biota 
have been implemented). Thirty reference sites were selected from the three 
biophysical classes. 

3 Few differences existed in environmental factors between reference and test 
sites within each geology-slope class, suggesting that reference sites could be 
used with confidence to compared against the invertebrate communities at 
test sites. The stability of ecological conditions within reference sites was also 
assessed, as large temporal changes would be problematic when comparing 
to test sites. No significant trends in biotic metrics were found, suggesting that 
invertebrate communities in reference streams were maintained at a relatively 
constant state. 
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2.1 Introduction 

Following the creation of a spatial framework based on geology-slope (Appendix 1), 
it was necessary to next select appropriate reference sites. Selecting reference sites 
is important as streams have different potentials to achieve a specified degree of 
“stream health”. Stream health is usually assessed using freshwater 
macroinvertebrates, and in particular by calculating a number of biotic indices that 
describe aspects of the overall community composition. These indices can represent 
single numbers that inform ecologists and decision-makers about the current state 
of a particular waterway. As such they are vastly easier to understand and 
communicate than more complex tables showing all the different invertebrates found 
within individual sites. 

Within New Zealand, the Macroinvertebrate Community Index (MCI) and its 
quantitative variant (QMCI) are widely used to indicate water quality in streams 
(Stark 1985; Stark 1993). Other commonly used metrics also include the number 
and % of EPT (Ephemeroptera (mayflies), Plecoptera (stoneflies), Trichoptera 
(caddisflies)) taxa in a sample, as these insects show reductions in density at sites 
affected by nutrient enrichment (and subsequent algal blooms), heavy metals, and 
sedimentation loads. Soft-bottomed, slow flowing streams such as those in  
gentle-gradient catchments will often have lower values of these metrics than 
cobble-bed, fast-flowing streams found in steeper catchments. Stream health will 
consequently be assessed as being lower in the former streams than the latter, even 
if both are flowing through undisturbed catchments, and therefore represent their 
normal un-impacted condition. 

In an earlier SoE report for BOPRC, Wilding (2001) introduced the concept of 
comparing biotic metrics of each stream against those from appropriate reference 
sites, similar to methods described previously by Plafkin, Barbour et al. (1989) and 
used by Regional Councils such as Environment Canterbury (Meredith et al. 2003). 
In this approach, the value of each biotic metric at a test site (i.e. any site that is 
being compared to its appropriate reference site, based on a particular spatial 
classification) is expressed as a percentage of the same metric at a reference site. 
This has the advantage of “normalising” changes in ecosystem condition that may 
occur as a result of inherent large-scale environmental factors that are not 
associated with land use changes, and which affect reference site ecosystems. This 
approach has been adopted as a highly robust method to property assess the 
impacts of human activities (e.g. Stoddard et al. 2006), and has even been 
enshrined in legislative requirements such as the European Water Framework 
Directive (WFD: Nijboer et al. 2004). Under the WFD, deviations and ecological 
condition have to be established as the difference between expected (reference 
conditions) and observed conditions. 

Although Wilding acknowledged that the original NERMN monitoring programme 
was not set up for this approach, he identified two East Cape sites (Waimana 1 and 
Whakatāne 1) as representing reference conditions based on the fact that 95% of 
their catchment was dominated by native forest or scrub. By comparing the number 
of EPT taxa and MCI scores, Wilding assigned impairment categories (none, minor, 
moderate or heavy impairment) to the sites that had been sampled based on the 
comparison of the number of EPT taxa, the MCI and QMCI scores between test and 
reference sites. The multimetric Index of Biological Integrity (IBI) suggested by 
Wilding was thus based on these three indices, and quantified the degree to which 
the ecological integrity at a particular test site had changed relative to a control site. 
However, no justification was given as to why the three metrics were selected or 
whether the selected reference sites were indeed appropriate for all the test sites. 
As such, the IBI presented by Wilding could be considered as a preliminary 
exercise. 
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This appendix selects appropriate reference sites against which invertebrate 
communities at other sites can be compared. Having appropriate reference sites 
gives the results of monitoring non-reference sites (hereafter called “test” sites) 
some context, Meredith et al. (2003) and greatly helps with further discussions and 
interpretation of these results Stoddard et al. (2006). Any selection of references 
sites requires quantitative information on factors such as percentage land cover, as 
streams draining catchments dominated by native vegetation are assumed to reflect 
reference conditions. Once reference sites had been selected, the temporal 
variability of their invertebrate communities was examined. Identification of any 
temporal changes to invertebrate communities was important as this has 
implications for using reference sites as part of developing an IBI to assess 
ecological health in streams belonging to similar groupings. 

2.2 Methods 

2.2.1 Physical factors 

Two challenges exist with the reference site approach.  Firstly, there is the question 
of defining what is meant by the "reference condition", and in deciding which sites 
are representative of reference conditions. For the purposes of this report, reference 
sites were defined as containing >80% native forest with <20% agricultural4 land 
cover and/or <10% urban land cover. These landcover assessments were made by 
examining the appropriate catchment land use information in the FENZ database. 
The resolution of the original vegetation categories in the FENZ database were too 
fine, and so were regrouped into just four classes: natural vegetation, exotic 
plantation forests, agricultural (e.g. a combination of pasture, horticulture, cropping 
and dairying) and urban. The percentage of each of these land cover classes in 
each catchment above each stream sampling point was then calculated in order to 
select appropriate reference sites. 

A second challenge with the reference condition approach is the requirement for a 
clearly defined waterway classification.  There is little point in comparing the 
condition of a test stream to a reference stream if the two streams are inherently 
different. For example, comparison of a lowland test stream to a reference hill-fed 
stream would be invalid. Suitable reference streams were consequently allocated to 
their appropriate geology-slope classification. A total of 25 references sites were 
identified: six from the 12 non-volcanic streams 16 from the 58 volcanic  
steep-gradient streams and three from the 50 volcanic low-gradient streams. Having 
so few reference site streams in the volcanic gentle-gradient catchments reflects the 
extent to which land use has changed in these catchments. For example, the 
average amount of agricultural land cover across the 50 volcanic gentle-gradient 
catchments was 54%, much higher than the average in the other stream classes 
(14% for all non-volcanic streams, and 24% for volcanic steep-gradient streams). 
Additional reference sites for volcanic gentle-gradient catchments were identified 
based on somewhat relaxed land cover criteria – greater than 80% forest vegetation 
(i.e. a mixture of either native or exotic plantation forestry), and having less than 
20% pasture and/or 10% urban land cover. Inclusion of exotic forestry into this 
category recognises the fact that the ecological health in streams draining plantation 
forestry catchments is intermediate between that of native forest and pasture 
(Harding and Winterbourn 1995; Quinn et al. 1997; Harding et al. 2000), and that it 
is only during the harvest phase in forestry blocks that changes to stream health 
occur. Based on these new criteria, eight reference sites were identified from the 50 
streams draining volcanic low gradient catchments. 

                                            
4 The REC classification of “Pasture“ refers to a mix of grazing pasture, cropping and horticulture. For 
convenience, we refer to these streams as “Agriculture”. 
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This gave us a total of 30 reference sites throughout the region. These sites had 
large differences in their dominant land cover between reference and test streams in 
each of the three stream classes (Table 19). 

Table 19 Summary of the average % cover of native forest, exotic pine 
plantation, pasture or urban land use in reference or test streams in 
the three geology-slope classes. 

Geology-slope class Land use Reference sites 
(Average % cover) 

Test sites 
(Average % cover) 

Non_VA/Steep Native 83.3 55.5 

 Exotic 6.2 1.0 

 Agriculture 9.9 34.5 

 Urban 0 0 

VA/Gentle Native 65.8 14.1 

 Exotic 24.7 16.4 

 Agriculture 9.1 63.3 

 Urban 0.3 5.8 

VA/Steep Native 71.9 40.5 

 Exotic 19.5 18.1 

 Agriculture 7.8 40.1 

 Urban 0.4 0.9 
 

Once reference sites had been selected, it was necessary to see whether physical 
factors differed between reference and test streams. For example, were reference 
sites all from higher elevation, small catchments far from the sea, where test sites 
could have been from lower, larger catchments closer to the sea? Large differences 
in these environmental factors would reduce the usefulness of comparisons 
between test and reference sites. 

To test this, environmental data was obtained from the FENZ database that 
summarised physical factors (e.g. site elevation, catchment area, distance to sea, 
mean annual flow), climatic attributes (e.g., average annual maximum and minimum 
temperatures, average annual solar radiation, average annual rainfall), hydrological 
aspects (e.g. estimates of the mean flow, and mean annual low flow), and local 
stream factors (e.g. the dominant substrate size, riparian shading). Multiple t-tests 
were conducted on the data in both test and reference streams within each of the 
three stream geology-slope classifications to test the null hypothesis (H0) “that there 
is no difference in measured factors in test or reference streams”. All data was 
examined for normality prior to this analysis and was fourth-root transformed to 
achieve normality. 
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2.2.2 Ecological communities 

A potentially problematic issue of the reference site approach is the fact that 
ecological conditions within a reference site may change considerably over time as 
a result of natural climatic events, such as wetter or drier than average years. Such 
natural variation is important to detect and monitor as it is likely to influence 
invertebrate communities at test sites as well. To assess the temporal variability of 
invertebrate communities at selected reference sites, individual metric scores at 
each reference site were plotted over time. These scores were then, compared to 
the long-term average at each reference site. 

2.3 Results 

2.3.1 Physical factors 

No differences were found between reference and test stream sites in the  
non-volcanic streams for any of the 12 physical factors examined using t-tests. In 
the volcanic steep-gradient streams, the only differences found were the higher 
slope and larger predicted substrate size in reference streams than test streams. 
Reference streams also had significantly larger predicted streambed size, steeper 
and higher elevation catchments, and more rainfall days than test streams in 
volcanic gentle-gradient streams, but also had cooler January air temperatures – 
presumably reflecting their higher elevation. The fact that few physical factors 
differed between reference and test sites in any of the stream classes suggests that 
reference sites could be used with confidence in comparison against the 
invertebrate communities at test sites as part of developing an IBI. 

2.3.2 Ecological communities 

As discussed, an important aspect of the IBI approach is to put the invertebrate 
community composition found at a particular test site into context with what is 
expected at the relevant reference sites. Furthermore, development of any metrics 
that use the IBI approach relies on the ability to determine the degree to which 
ecological conditions in reference streams change and the need to ensure that such 
variability does not affect comparisons of reference to test streams. The first step to 
determine this was to examine the number of reference and test streams collected 
from each of the three stream classes over time. As expected, the number of 
samples collected greatly increased over time, to a maximum of 114 samples per 
year in the Austral Summers of 2007/2008 and 2008/2009. Only six samples were 
collected in the Austral Summers of 2009/2010 and 2011/2012, reflecting staff 
changes at the Council. The number of long term monitoring sites stabilised at 110 
from 2013/2014 onwards, although this number has since increased following the 
recent addition of new sample sites in exotic forestry and native forest catchments 
(these new sites are not included in this report due to lack of long-term data). 

Examination of the number of reference and test sites sampled over time showed 
that for non-volcanic streams (all gradients), only one or three reference sites had 
been sampled between 1989 and 2004 (Figure 33). From 2005 onwards, the 
number of reference sites increased to between four and six. The number of test 
stream sites prior to 2004 varied from one to five, after which time the number 
increased slightly, to around six. 
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Figure 33 The number of sites (test sites = blue symbols; reference sites = red 

symbols) sampled from non-volcanic, all gradients combined. 

Between one and three reference sites were sampled prior to 2001 in volcanic 
gentle-gradient streams, after which the number of reference sites increased to eight 
in 2006 (Figure 34). The number of test sites prior to 2001 was similar to reference 
sites, but generally increased to 14 or more from 2003 onwards. 

 
Figure 34 The number of sites (test sites = blue symbols; reference sites = blue 

symbols) sampled from volcanic, hard-bottomed streams over time. 
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Finally, between one and six reference sites from volcanic steep-gradient streams 
were sampled from 1989 until 2001, following which 15 to 16 sites were sampled 
(Figure 35). Only two test sites were sampled prior to 2003. This number increased 
to a maximum of 42 in the austral summer of 2008-09, and has since varied  
around 40. 

 
Figure 35 The number of sites (test sites = blue symbols; reference sites = red 

symbols) sampled from volcanic steep-gradient streams over time. 

The assumption of “stability” in reference site invertebrate communities was tested 
by examining EPT richness, taxonomic richness, and MCI scores collected in each 
of the three geology-slope groups. Clear “step changes” were evident over time, 
with, for example, large increases in reference sites in hard-bottomed streams  
post-2005, and for volcanic soft-bottomed streams, no reference samples being 
collected prior to the 2001/2002 sampling season. Regression analysis investigating 
changes to calculated biotic metrics was thus done on reference streams in two 
“data blocks” (Table 20), reflecting the increased number of sampling sites in the 
newer data. 

Table 20 Summary table showing the division of sites into different “data 
blocks” that were analysed separately for evidence of changes to 
invertebrate community composition in reference sites. 

Stream class Older data block Newer data block 

Non_VA_All gradients 1989 - 2003 2004 onwards1 

VA_Gentle-gradient 1989 - 2001 2002 onwards1 

VA_Steep-gradient 1989 - 2001 2002 onwards1 
 
1.Note that there were no samples from the summers of 2009/2010 and 2010/2011. 
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Analysis of changes to the MCI, QMCI and the number of percentage of EPT taxa 
showed no significant trends over time, with the exception of MCI scores and the 
number of EPT taxa in non-volcanic streams from 1989 – 2003. In both cases, these 
metrics declined over time. The number of EPT taxa also increased slightly in 
volcanic gentle-gradient streams from 2002 onwards. However, all these trends 
were very weak, and explained <10% of the variance to the data. As such they were 
not regarded as representing any significant changes to the invertebrate community 
composition over time. Lack of any trends suggested that the invertebrate 
communities in these reference streams in each geology-slope class revolved 
around relatively constant states. (e.g. see Figure 36). 

 

Figure 36 Temporal variability (mean + 1SE) of calculated MCI scores in  
non-volcanic streams, and the number of EPT taxa in non- volcanic 
streams and volcanic gentle-sloped streams. Also shown is the  
long-term average for the MCI score and number of EPT taxa for 
each site. No other metrics displayed any significant trends over time. 
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2.4 Discussion 

This appendix selected appropriate reference sites against which invertebrate 
communities at other sites can be compared. Central to this task was the need to 
define what was meant by "reference condition", and in deciding which sites are 
representative of reference conditions. The term “reference condition” can have 
many different meanings in a variety of contexts, leading Stoddard et al. (2006) to 
propose a set of clear definitions for this, and other terms to describe sites that set 
benchmarks by which “test” sites are compared. They suggest that true “reference 
conditions” sites are characterised by “absence of significant human disturbance or 
alteration”. Arguably, such sites would not exist, even in areas dominated by native 
forest away from any roads and administered by the Department of Conservation. 
Despite their apparent “pristine” location, these sites are likely to be affected by both 
large-scale climatic processes as a result of climate change (Palmer et al. 2008), 
and by smaller-scale biotic interactions from introduced species such as trout, which 
have well-documented effects on natural stream processes affecting both fish 
(McDowall 2006) and invertebrate (McIntosh and Townsend 1995) communities. 
Furthermore, the vegetation in these streams would have also been greatly affected 
by many introduced browsing animals such as possums, deer and pigs. Such 
browsing may have had a dramatic effect on the extent and cover of canopy trees 
and undergrowth, and may have altered rainfall-runoff characteristics. 

In the absence of true reference conditions, Stoddard et al. (2006) have coined a 
number of other terms: 

 “minimally disturbed condition” (MDC), describing streams in the absence of 
significant human disturbance 

 “least disturbed condition” (LDC), describing sites with the best available 
physical, chemical, and biological conditions in a particular landscape type 

 "best attainable condition” (BAC), describing sites where the best possible 
management practices to minimise impacts on biota have been implemented. 

Using these definitions, sites in the non-volcanic and volcanic steep-gradient stream 
classes would most likely represent the Least Disturbed Condition, as they were 
selected in catchments dominated by native vegetation, with little or no pasture or 
urban land cover. No such sites could be found in volcanic gently-gradient streams, 
so instead “reference” sites were selected containing >80% forested vegetation  
(a combination of native and exotic plantation forest) and having <20% pasture 
and/or 10% urban land cover. These sites are regarded as representing "Best 
Attainable Condition" sites and were selected on the implicit assumption that 
forestry activities within these sites have not greatly affected ecosystem health 
within the streams. This may be a valid assumption, given comments by Fahey et al. 
(2004) who highlighted the improvements to water quality, sediment, habitat 
conditions and biota in streams that had been converted from pasture into pine 
plantation, and where stream conditions became "more similar to those in native 
forests that covered New Zealand before humans arrived". Use of these forestry 
sites to represent BAC sites can continue as long as harvesting activities do not 
occur at or upstream of each site. Given the large effects of harvesting on instream 
habitat and biota (Fahey et al. 2004), any BAC sites subject to harvesting would be 
regarded as “test” sites within the volcanic gentle-gradient classification once 
harvesting starts. Although these sites would still be monitored annually, they would 
not be referred to as BAC sites until such time had passed where replanted trees 
had stabilised the banks, and grown over the stream to provide continual canopy 
cover as found in pre-harvest conditions. 
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Care is subsequently needed to ensure sufficient replication of these BAC sites in 
the volcanic gentle-gradient stream typology to minimise the implications for 
calculating reference conditions when individual sites are logged and do not meet 
BAC criteria. 

Once both LDC and BAC sites had been identified, the next step was to ensure that 
these sites did not differ greatly to test sites. Nijboer et al. (2004) highlighted the 
importance of selecting reference sites that represented as well as possible the full 
range of conditions expected to occur naturally within a particular water body type. 
In our case, we wanted to ensure that important physical drivers of stream condition 
such as climate, topography, hydrology and catchment size was similar between 
test and reference streams. The fact that so few of the measured physical factors 
differed between test and LDC/BAC streams gives us greater confidence in being 
able to use these sites as part of any processes to develop an IBI. 

Another major caveat of the reference condition approach is the assumption that 
invertebrate communities remain relatively stable in reference sites (Scott and 
McCord 2014). If reference sites have been selected on the basis of their catchment 
being dominated by undisturbed native forest, then the temporal variability of the 
invertebrate communities would be expected to be low. However, absence of land 
use change does not preclude variability, as changes to climatic conditions can have 
considerable effects on invertebrate communities, even in reference conditions. For 
example, MacDonald and Cote (2013) found significant year-to-year changes in 
macroinvertebrate community composition at reference sites in Newfoundland, 
Canada. Most of this variability was caused by the impacts of a large flood event, 
which affected the invertebrate communities in the year immediately after this storm. 
One year later the benthic community composition showed signs of returning to  
pre-flood conditions. 

It could be argued that the results of MacDonald and Cote reflect the fact that  
North American invertebrate communities are not as resilient to flood events as the 
New Zealand communities are. For example, Scrimgeour et al. (1988) found that 
invertebrate communities had returned to near pre-flood conditions within only four 
months of a large flood in the Ashley River, North Canterbury. This high degree of 
resilience of New Zealand invertebrate communities to flood events has repeatedly 
been highlighted in other studies as well (e.g. (Winterbourn 1997; Suren and  
Jowett 2006), and suggests that the effects of unpredictable climatic conditions on 
the invertebrate communities would be relatively small. This comment is also made 
in the knowledge that the standard methods used for sampling generally stipulate 
that samples should not be collected immediately after significant flood events (see 
Stark et al 2001). 

Based on the results of this analysis, we are confident that the selection of the  
30 sites identified as "reference sites" provide a firm basis for the evaluation of the 
effects of human activities throughout the Bay of Plenty region. These 30 sites, 
representing either the least disturbed condition or best attainable condition will be 
used to describe the standard or benchmark against which the condition of "test 
sites" will be compared. This approach will be fundamental in the development of an 
IBI as discussed in Appendix 3. 
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Appendix 3 - Assessing ways to measure stream 
health 

3 Summary 

1 This Appendix examines different ways to assess stream “health”. A number 
of specific biotic indices, or metrics, that assess stream health currently exist 
including the Macroinvertebrate Community Index (MCI) and its quantitative 
variant (the QMCI), as well as the number or percentage of EPT 
(Ephemeroptera (mayflies), Plecoptera (stoneflies), Trichoptera (caddisflies)) 
taxa in a sample. Many of these metrics also have specific bands of 
ecosystem health, based on clearly defined numerical values. 

2 Biotic metrics to describe invertebrate communities need to be easy to 
calculate and understand, but they also need to be sensitive enough to show a 
change in response to environmental stressors. They also need to be relevant 
to a particular region, as numerical bands developed at a national level may 
not be relevant in a particular region. In contrast to individual metrics such as 
the MCI, multimetrics utilise several metrics to evaluate stream health. They 
also compare the value of a particular metric at a test site to that at 
appropriate reference sites. By comparing metrics to those at reference sites, 
natural variations can be minimised. Because of potential uncertainties of 
using metrics such as the MCI and EPT as measures of stream health 
(despite their widespread used throughout New Zealand), a multimetric was 
created to see if it performed better than the individual metrics. This metric 
was called the Bay of Plenty Index of Biotic Integrity (BoP_IBI). 

3 The BoP_IBI was developed on the basis of the geology-slope biophysical 
classification (Appendix 1), and compared observed values of individual 
metrics at a test site to those at appropriate reference sites. The BoP_IBI was 
based on a combination of different individual metrics within each biophysical 
stream class. Four numerical bands of the BoP_IBI were also created, based 
on the percentile distribution of individual metrics in the relevant reference 
stream class. Examination of the number of sites assigned to one of four 
stream health classes showed significant differences between streams when 
assessed using the MCI, QMCI, or the BoP_IBI. The MCI in particular 
underestimated the number of streams in either the Fair or Poor condition 
classes when compared to the QMCI or BoP_IBI. 

4 The BoP_IBI displayed the strongest responses to land use gradients in each 
stream class, whereas other metrics could not discriminate as well. As such, 
the BoP_IBI appears to be an ideal candidate for use in future analysis of 
state and trends of stream health throughout the Bay of Plenty. Although this 
metric may be slightly more difficult to explain, it appears to have greater 
ability to respond in a predictable manner to stressors associated with land 
use change. 
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3.1 Introduction 

Stream health can loosely be defined as a stream’s chemical, physical, and 
biological condition (Karr 1999). Describing the effects of human activities on these 
components is therefore a fundamental objective of biological assessments such as 
those undertaken by regional councils for state of environment monitoring. Chemical 
and physical parameters are relatively easy to measure and describe using 
quantitative parameters for water quality such as nutrient, bacterial, or heavy metal 
concentrations (APHA 1975; ANZECC 2000), physically-based parameters such as 
flow statistics (Newbury 1984; Davis and Barmuta 1989; Clausen and Biggs 1997), 
or quantitative measurements of the physical environment of a reach (Harding et al. 
2009). Describing biological communities is, however, a much more complex task, 
reflecting in part the great diversity of organisms commonly collected during 
sampling programmes, and the fact that different organisms respond uniquely to a 
wide range of environmental stressors. Because of this, ecologists have developed 
a number of ways to assess stream health using invertebrate communities. Such 
methods can be divided into three general groups: biotic indices, multimetric indices, 
and multivariate methods (Boothroyd and Stark 2000; Herman and  
Nejadhashemi 2015). 

Within New Zealand, the Macroinvertebrate Community Index (MCI) is a widely 
used biotic index of water quality in stony streams (Stark 1985; Stark 1993). MCI 
scores can range from 20 to 200, where scores >120 represent streams in 
“excellent” condition and scores <60 indicate highly degraded streams. The MCI 
score relies on the presence or absence of invertebrates in a stream and so 
provides only a relatively coarse indication of stream health. It is not particularly 
sensitive to changes in the relative abundance of different taxa, which is arguably 
one of the first signs that a particular environment is under stress. Because of this, 
the quantitative variant of the MCI (i.e. the QMCI) is often used to describe stream 
health. The QMCI score simply takes the relative abundance of each taxa into 
consideration. Calculated QMCI scores range from 1 to 10, where streams with 
scores >6 represent streams in excellent condition and streams with scores <4 
represent highly degraded streams. The MCI and QMCI were initially developed for 
stony bottomed streams and thus did not work well in soft bottomed streams. For 
example, MCI scores from soft-bottomed streams flowing in undisturbed native 
forest would have scores indicative of “degraded” conditions, even though the 
stream could be regarded as being in “excellent” condition for that type of stream. In 
response to this, Stark and Maxted (2007) developed soft-bottomed versions of 
these metrics (MCI_sb and QMCI_sb). These are calculated in the same way as the 
hard bottomed metrics, and have the same scoring bands.  

Although the MCI and QMCI (and their soft-bottomed variants) have been used 
extensively by ecologists throughout New Zealand, these metrics cannot always 
detect changes in stream health caused by some pressures. This is because the 
tolerance scores behind the MCI are based on observed changes to invertebrates 
along a gradient of organic enrichment. The MCI and QMCI may thus not respond to 
changes caused by other environmental stressors. For example, Hickey and 
Clements (1998) investigated the effects of heavy metals from current and closed 
goldmines on the Coromandel Peninsula. They found that these two metrics did not 
differ in samples above and below areas receiving mine drainage, despite clear 
evidence that the overall invertebrate community had changed. They thus 
recommended that the MCI and QMCI be used with caution when assessing the 
effects of stressors such as metal contamination on streams. 
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Two other commonly used biotic metrics to describe invertebrate communities are 
the number and percentage of EPT (Ephemeroptera (mayflies), Plecoptera 
(stoneflies) and Trichoptera (caddisflies)) taxa in a sample. Many species of these 
insect groups show reductions in density at sites affected by organic enrichment 
(and where algal blooms are subsequently common), heavy metal contamination, 
and sedimentation loads. An exception to this is the two Hydroptilid (or “purse-case”) 
caddisflies, Oxyethira and Paroxyethira. These taxa are common in streams 
dominated by high algal biomass, and are generally regarded as highly tolerant of 
organic enrichment. As such, the number and percentage of EPT is often calculated 
without these animals (commonly referred to as EPT* and % EPT*). 

Many other metrics can also be used to describe invertebrate communities, 
including the number or percentage of different invertebrate groups such as 
chironomid midges, snails, oligochaetes, etc. These latter invertebrates in particular 
are highly tolerant of a multitude of pressures associated with land use changes, 
and are often the only invertebrates found in highly degraded urban streams – which 
generally have the lowest stream health (Suren 2000; Suren and Elliot 2004; Walsh 
et al. 2004). They are also common in streams draining agricultural catchments, 
although many of the more sensitive invertebrates are found in these streams as 
well – depending on the magnitude of stressors placed on the community. 

In contrast to the single biotic index approach, multimetric indices utilise several 
metrics or characteristics to evaluate stream health (Herman and  
Nejadhashemi 2015). Because these are made up of individual biotic indices, a 
more comprehensive view of ecological conditions within a stream can be made. 
Multimetric indices also often compare the value of a particular index at a test site to 
those at reference sites. The advantages of using the multimetric approach are 
somewhat offset by the more complex calculations required to determine stream 
health. Within New Zealand, the only multimetric that has currently been developed 
is the Average Score per Metric (ASPM), developed by Collier (2008). The ASPM is 
based on calculation of three individual biotic indices: the MCI, EPT* and %EPT*. 
Values for each of these metrics are standardised by the maximum observed value 
(in reference streams), and the mean of the standardised metrics is used to 
calculate the ASPM. Collier (2008) found that the ASPM distinguished reference 
conditions and low to moderate levels of catchment modification more accurately 
than the individual metrics. He suggested that the use of the ASPM could provide an 
efficient and effective screening tool to assess the condition of wadeable streams. 

There is a trade-off in using biotic metrics to describe the invertebrate communities 
in a stream: they need to be easy to calculate and understand, but they also need to 
be sensitive enough to a wide range of stressors to detect a change (Hering et al. 
2004; Collier 2008). The multimetric approach often performs better than individual 
metrics (e.g. Collier 2008; Herman and Nejadhashemi 2015). Because of potential 
uncertainties of using only the MCI as a measure of stream health (despite its 
widespread used throughout New Zealand), and of the difficulties in selecting which 
other potential metrics could also be used to assess stream condition throughout the 
region, a major part of this report was to evaluate the usefulness of different metrics. 
A single multimetric based on the Index of Biotic Integrity (IBI) approach (Plafkin  
et al. 1989; Karr 1999) was consequently created to see if this performed better than 
individual metrics such as the MCI, QMCI, EPT and % EPT. Although some councils 
such as Environment Canterbury have used the IBI approach, Herman and 
Nejadhashemi (2015) note that a universal IBI does not exist, and emphasised that 
IBI components need to be adjusted for different regions to better describe the 
individual interactions between biota and the environment. 
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The aim of this section was thus to develop an IBI for the Bay of Plenty region, and 
compare its behaviour to the more commonly used single metrics such as MCI, and 
EPT etc. as well as the ASPM of Collier (2008). As discussed in Suren (2013), a 
major challenge in using invertebrates to indicate stream health is the need to 
convey the often complex information about the relative abundance of the many 
different invertebrate groups found in each stream into simple numerical indices (or 
metrics) that summarise certain attributes of the invertebrate community. This 
information could be contained in metric such as the BoP_IBI or simple biotic 
indices. Once an appropriate metric has been identified, analysis can then be 
undertaken to summarise the ecological state of streams in the region, detect the 
responses of land use pressures, and determine any long-term trends in stream 
health. Such analysis of state and trends forms the basis of Part 4 of this report. 

3.2 Methods 

3.2.1 Creation of BoP_IBI 

A central process behind the IBI approach is to compare invertebrate communities 
at reference sites to those at test sites (Plafkin et al. 1989; Herman and 
Nejadhashemi 2015). Selection of reference sites (Appendix 2) is thus a key step in 
the development of such metrics. Closely aligned with this requirement is the need 
to detect stressors the invertebrate communities are responding to. For example, in 
developing an IBI approach for the European Union as part of the Water Framework 
Directive (WFD), Hering et al. (2004) identified four different stressors that caused a 
reduction in stream health: degradation of stream morphology; organic enrichment; 
acidification; and a general “unspecified” degradation. Such an approach is more 
problematic to implement throughout the Bay of Plenty since many of the stressors 
operating in Europe such as acidification are not relevant in this region. 
Furthermore, although the morphology of many of the larger waterways has been 
substantially altered as a result of bank armouring with riprap, and confining 
channels to stop banks, these alterations are predominantly found in large rivers 
which are generally not sampled as part of the NERMN programme. Because of 
this, we simplified our identification of stressors to one that was based on changes 
to the dominant land use upstream of each sampling point. 

Information on the dominant land use (native forest, exotic bush, exotic scrub, 
horticulture, pasture, and urban areas) upstream of each sample location was 
obtained from the FENZ database. Exotic bush and exotic scrub were combined to 
form a single category (exotic trees), and horticulture was combined with pasture to 
form an "agriculture" category. Three separate land use indices were subsequently 
created based on this land cover information: 

1 AG_INDEX = % native vegetation - % agriculture 

This index has a theoretical range from 100 (all native vegetation) to -100 (all 
agriculture), and is based on the assumption that stream degradation is 
related mostly to the degree of agricultural development in a catchment. 

2 LAND_COVER_INDEX = [(1.0 × native) + (0.8 × exotic trees) +  
(0.6 × horticulture) + (0.4 × pasture) + (0.2 × urban)] 

This index has a theoretical range of 100 (all native vegetation) to 20 (all 
urban), and is based on the assumption that stream degradation increases 
from exotic forestry (slight degradation), through to urbanisation (high 
degradation). 
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3 FOREST_INDEX = [(1.0 × forested) + (0.5 × agriculture) + (0.1 × urban)] 

This index has a theoretical range of 100 (all native vegetation) to 10 (all 
urban), and is based on the assumption that forested sites (either native or 
plantation forests) generally have streams in the best condition, whilst urban 
streams are generally the most degraded. 

These three indices all work under the premise that stream condition decreases with 
increased land use change. This premise is backed by extensive literature outlining 
the effects of land use, which generally shows a reduction in stream health along a 
gradient from native forest (highest health), plantation forestry, agriculture and 
urbanisation (lowest health: (Lenat and Crawford 1994; Harding and Winterbourn 
1995; Quinn 2000; Fahey et al. 2004; Suren and Elliot 2004). The metrics differ from 
each other in respect of the weightings used for each land use and whether some 
land use categories are included. Thus, AG_INDEX only considers pressures 
associated with agricultural activity, but does not consider pressures associated with 
either forestry or urbanisation. The LAND_COVER_INDEX assumes a stepped 
degradation between forestry, horticulture, pasture and urbanisation, whilst 
FOREST_INDEX assumes that stream health is similar between streams draining 
native forest or forestry plantations, is lower in all agricultural catchments, and 
lowest in urban catchments. The final choice of land use index was selected by 
correlation analysis, and examining the behaviour of the individual percentage of the 
different land cover classes against each of the three composite land use metrics. 

Another essential step in this process is to examine the behaviour of individual biotic 
metrics in response to specific stressors variables (in this case one of the land use 
indices). A total of 23 different macroinvertebrate metrics were thus calculated, 
using measures of richness, percentage composition or tolerance (to organic 
enrichment: Table 21). Note that these metrics are a much restricted subset when 
compared to those used, for example, in the creation of European multi-metrics 
(Böhmer et al. 2004; Hering et al. 2004), where functional metrics describing feeding 
categories or life forms had been used. However, the New Zealand invertebrate 
fauna is generally regarded as dominated by insect taxa with broad opportunistic 
feeding characteristics and functional feeding groups such as specialised shredders 
and grazers are generally absent (Winterbourn, Rounick et al. 1981; Winterbourn 
and Rounick 1985; Winterbourn 2000). Thus metrics describing feeding 
characteristics were deemed inappropriate. 

Following identification of a suitable stressor gradient, the following steps  
(Figure 37) were performed on the NERMN data as part of steps to generate the 
BoP_IBI: 

1 The average percentage abundance of all invertebrate taxa at each site was 
calculated from all surveys since 1992. This averaged data was then used to 
calculate the 23 different biological metrics which were examined as potential 
candidates for being selected as final biotic metrics, or contributing to a  
multi-metric index. 

2 All metrics were examined for normality and transformed where necessary. 
The fourth-root transformation was the most successful in normalising data. 

3 Metrics which were strongly correlated to other metrics were omitted as they 
were considered redundant. 

4 Regression analysis was used to assess the strength of any relationships 
between individual metrics and the metric describing land use change. This 
was done for individual streams within each of the three geology – slope 
classification classes. Metrics were omitted if they did not respond to the land 
use variables. 
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5 Following the pairwise correlation analysis to remove highly correlated 
variables, and the regression analysis against the metric describing land use 
change within a catchment, final metrics were selected to contribute to the 
final BoP_IBI. 

Once these metrics were selected, a further 5 steps were used to create the  
multi-metric index: 

1 Calculate the average value of each metric in selected reference sites in each 
biophysical class, 

2 For each test site, calculate the percentage of each metric relative to its 
appropriate reference site in the same biophysical class, 

3 Assign each metric for each test site a specific category score (0, 3, 6 or 9), 
based as a percentage of the value observed at each reference site, 

4 Sum all these categorical scores at each site, 
5 Express this sum as a total percentage to that of the reference site. This is the 

final multimetric index score (BoP_IBI) for each biophysical class. 

For this analysis, we used the long-term average of all biotic metrics collected over 
time in each site within each of the geology/slope classes.  This was done as a long-
term average of invertebrate community composition was felt to better reflect the 
invertebrate community composition at a site, despite the fact that the duration of 
sampling may have varied between sites. 

 
Figure 37 Representation of the steps involved with the calculation of an IBI for 

the Bay of Plenty region. Numbers refer to the steps outlined in the 
text.  
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Table 21 List of the 23 macro invertebrate metrics examined for inclusion in a 
potential multimetric index of ecological health derived for streams in 
the Bay of Plenty region. Also shown is the expected response of 
each metric to increasing environmental degradation, as well as 
whether the metric underwent transformation to achieve a normal 
distribution. 

Metric type Metric Definition Expected response 
to increasing 
degradation, and 
responsive stressor 

Transformation 
required 

Assessments 
of richness 

Taxonomic 
richness 

Measures overall 
variety of the 
invertebrate 
assemblage. 

Decrease 
General response 

No 

 EPT richness Measures the 
diversity of 
Ephemeroptera, 
Plecoptera, and 
Trichoptera. 

Decrease 
General response 

No 

 EPT1 richness As above, but 
excludes the 
pursecase 
caddisflies Oxyethira 
and Paroxyethira. 

Decrease 
General response 

No 

 EPT2 richness As per EPT1, but 
also excluding the 
filter feeding caddis 
fly Aoteapsyche. 

Decrease 
General response 

No 

 %EPT richness Measures the % of 
taxonomic richness 
that is composed of 
EPT taxa. 

Decrease 
General response 

No 

 %EPT1 richness As above, but 
excludes the 
pursecase 
caddisflies Oxyethira 
and Paroxyethira. 

Decrease 
General response 

No 

 %EPT2 richness As per EPT1, but 
also excluding the 
filter feeding caddis 
fly Aoteapsyche. 

Decrease 
General response 

No 

Percentage 
composition 

%EPT Measures the 
relative abundance 
of EPT taxa. 

Decrease 
Water quality/general 

No 

 %EPT1 As above, but 
excludes the 
pursecase 
caddisflies Oxyethira 
and Paroxyethira. 

Decrease 
Water quality/general 

No 

 %EPT2 As per EPT1, but 
also excluding the 
filter feeding caddis 
fly Aoteapsyche. 

Decrease 
Water quality/general 

No 
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Metric type Metric Definition Expected response 
to increasing 
degradation, and 
responsive stressor 

Transformation 
required 

 %Ephemeroptera Percent of mayflies. Decrease 
Siltation/water quality 

Fourth root 

 %Plecoptera Percent of 
stoneflies. 

Decrease 
Water temperature & 
quality 

Fourth root 

 %Trichoptera Percent of caddis 
flies. 

Decrease 
water quality/general 

Fourth root 

 %Diptera  Percent of dipterans 
(true flies) excluding 
chironomid midges. 

Increase 
General/ lowered 
flows 

Fourth root 

 %Coleoptera Percent of beetle 
larvae and aquatic 
adult beetles. 

Increase 
General 

Fourth root 

 %Chironomidae Percent of 
chironomid midges. 

Increase 
General/siltation/ 
lowered flows 

Fourth root 

 %Crustacea Percent of 
crustaceans. 

Increase 
Eutrophication/lowere
d flows 

Fourth root 

 %Odonata Percent of dragonfly 
and damselflies. 

Decrease 
Eutrophication 

Fourth root 

 %Mollusca Percent of snails. Increase 
Eutrophication 

Fourth root 

 %Oligochaetes Percent of aquatic 
worms. 

Increase 
Eutrophication/siltatio
n 

Fourth root 

 %dominant taxa Percent of dominant 
taxa. 

Increase? 
General response 

Fourth root 

 %EPT/(%Oligoch
aetes + 
%Chironomidae) 

Ratio of percent and 
EPT to 
%Oligochaetes plus 
chironomidae. 

Decrease 
Siltation 

Fourth root 

 %EPT/(%Mollusc
a + %Crustacea) 

Ratio of percent and 
EPT to %Mollusca 
plus %Crustacea. 

Decrease 
Eutrophication 

Fourth root 

Tolerance MCI1 Macro invertebrate 
community index. 

Decrease 
Organic enrichment/ 
water quality/general 

Fourth root 

 QMCI1 Quantitative version 
of the MCI. 

Decrease 
Organic enrichment/ 
water quality/general 

Fourth root 

 
1 Note that both the hard-bottomed and soft-bottomed MCI (and QMCI) scores were calculated and the 
appropriate score allocated on the basis of measured substrate size in each stream. 
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3.2.2 Assessment of metric performance 

Relationships between the newly created BoP_IBI and the selected stressor that 
best reflected changes to the dominant land-cover upstream of each sampling point 
were examined by regression analysis within each geology-slope classification. The 
strength of observed relationships (expressed as the coefficient coefficient, r2) 
between ecological health (as measured by the BoP_IBI) and catchment conditions 
(as measured by changes to land cover) was compared to that of commonly used 
single metrics such as MCI, EPTr, and their quantitative variants. A comparison was 
also made using the ASPM, calculated according to Collier (2008). Regression 
analysis was then used to compare the strength of relationships between the three 
different metrics and the metric describing changes in land cover. A good metric was 
expected to have the strongest relationship to this metric, as changing land cover is 
a good general surrogate for a wide variety of different stressors associated with 
human activities. Analysis of variance was also used to determine the strength of 
differences of the BoP_IBI, individual metrics or the ASPM between different land 
use categories (native forest, exotic forests, pasture and urban) within each of the 
geology-slope classes. 

The advantage of using the multimetric approach behind the BoP_IBI is that it is 
arguably better able to detect changes in ecosystem health arising in response to 
multiple environmental stressors. As such, it generates a multifaceted and robust 
grading of stream health. 

Following the creation of the BoP_IBI, four ecosystem condition classes were also 
created based on calculated percent values of the BoP_IBI at each site relative to 
the appropriate reference site condition such that: 

1 <30% of reference condition = poor 
2 >30% – 60% of reference condition = fair 
3 >60 – 90% of reference condition= good 
4 >90% of reference condition = excellent. 

The percentage of streams within each ecosystem condition class was then 
calculated for each of the three biophysical classes. Calculated values of the MCI 
and QMCI (or their respective soft bottomed variants) at each site were also 
assigned to their relative water quality classes (Stark and Maxted 2007) and 
compared to the condition classes derived by the BoP_IBI. In this way, comments 
as to the relative performance of the different metrics could be made. Ecosystem 
condition classes were subsequently mapped using GIS to visually display how 
ecosystem health varied throughout the region. 

3.3 Results 

3.3.1 Selection of a land use gradient index 

The three indices created to represent a general “land use gradient” varied widely 
between the different biophysical classes (Table 22). Streams in the non-volcanic 
(all gradient) class had the highest average scores of the three indices, highlighting 
the dominance of undisturbed native forest at these sites. Volcanic gentle-gradient 
streams generally had the lowest range of scores, reflecting the highly modified land 
cover in these catchments.  
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Table 22 Values of the three different land cover indices derived on the basis of 
percentage land cover of native vegetation, exotic plantation forests, 
pasture and urban development in the catchments upstream of each 
sampling site. 

Stream class AG_INDEX LAND_COVER_INDEX FOREST_INDEX 

Non-Volcanic (all gradients) 
11 – 93 
(64.5) 

62.8 – 97.4 
(88.6) 

64.5 – 100 
(90.8) 

Volcanic-steep-gradient 
-96 – 100 

(32.2) 
41.8 – 100 

(81.2) 
45 – 100 

(85.5) 

Volcanic-gentle-gradient 
-100 – 96 

(-30.2) 
21.4 – 98.8 

(61.7) 
9.7 – 100 

(66.1) 
 
Correlations between the percentage cover (%) of individual land cover classes and 
the composite variables showed that the % of native forest and agricultural land was 
most highly correlated with AG_INDEX, while the % of forested land cover was most 
highly correlated with the FOREST_INDEX. Examination of the % of exotic forest 
when plotted against the three composite land cover indices showed marked 
differences in the shape of the scatter plots (Figure 38). Thus, calculated 
AG_INDEX scores had the highest % forestry at intermediate values, and the 
scatterplot appeared to be normally distributed around a value of 0. The 
FOREST_INDEX had the highest % of forestry sites at high values, although there 
was a high degree of variability (Figure 38). The scatterplot of the LC_INDEX 
appeared to be intermediate between these indices, with high % forestry at sites 
with a moderately high LC_INDEX score. Given that forestry sites can have both 
beneficial and detrimental effects on stream ecology (representing the stable, 
maturing phase and the logging phase), it was considered that AG_INDEX was the 
most appropriate index to use, as this did not assign any particular value to forestry 
sites. 
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Figure 38 Scatter plots of % exotic forest versus the three composite land cover 
indices that were developed to act as a surrogate for land cover. 

3.3.2 Measuring stream health 

A key part of the rationale behind developing the BoP_IBI rested on the ability to: 

 identify appropriate reference sites, 

 determine whether environmental factors differed greatly between reference 
and test sites, 

 determine the degree of temporal variability at reference sites. 

This process was conducted for stream sites in each of the three defined biophysical 
classes. Before the analysis, highly intercorrelated metrics with an r2 value >0.7 
were removed. This included measures of EPT and EPT1 richness and measures of 
%EPT and EPT1 richness. Calculated MCI and QMCI scores were also highly  
inter-correlated with other metrics and so were removed from further consideration. 
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This left 21 individual metrics that were examined for their usefulness as a candidate 
metric for an IBI by examining correlations between individual metrics and 
AG_INDEX. 

Between four and six of the remaining 21 metrics were selected for the creation of a 
multimetric index in each of the three biophysical classes examined (Table 23), as 
they had significant correlations to AG_INDEX. Most of these correlations were 
positive, meaning that the metric had its highest values in unmodified catchments. 
However, both the %Chironomidae and %EPT/Molusca+Crustacea had negative 
correlations to AG_INDEX in non-volcanic streams (Table 23), suggesting that these 
metrics had their highest values in land dominated by agriculture. The %Mollusca 
also have negative correlations to AG_INDEX in both volcanic steep and  
gentle-gradient streams, and the %Crustacea had negative correlations to 
AG_INDEX in volcanic steep streams. These taxa were thus more common in 
streams draining developed catchments than streams draining unmodified forest. 

Table 23 List of the invertebrate metrics chosen to contribute to the multimetric 
index of biotic integrity (IBI) to assess stream health throughout the 
Bay of Plenty region in the three defined geology-slope biophysical 
classes. 

Stream class Metric type Metric r2 value Coefficient 

Non-Volcanic (all 
gradient) 

Composition % Trichoptera  0.620 +ve 

  %EPT/(%Moll + %Crust) 0.411 -ve 

  % Chironomidae 0.365 -ve 

  % Diptera 0.290 +ve 

     

Volcanic  
steep-gradient 

Composition %EPT/(%Moll + %Crust) 0.171 +ve 

  %EPT/(%Oligos + %Moll) 0.167 +ve 

  % Crustacea 0.146 -ve 

  %Mollusca 0.136 -ve 

Volcanic  
gentle-gradient 

Richness EPT2 richness 0.384 +ve 

  Richness 0.292 +ve 

  %EPT/(%Oligos + %Moll) 0.296 +ve 

  %EPT(2)_richness 0.265 +ve 

  %EPT/(%Moll + %Crust) 0.252 +ve 

  % Mollusca 0.210 -ve 
 
The average value of each of these metrics across reference sites was calculated, 
and the value of each metric at each test site was expressed as a percentage of its 
appropriate average reference site metric in the same biophysical class. These 
percentages were assigned to one of four individual category scores, based on 
being either above or below one of four percentile classes (Table 24). These 
category scores were then summed to obtain the final BoP_IBI score for a particular 
stream site. 
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Table 24 Values of the different metrics in each stream class when expressed 
as a percentage of that metric in reference streams showing the 25th, 
50th and 75th percentiles. For metrics with positive correlations, values 
which scored less than the 25th percentile = 0; between the 25th and 
50th percentile = 3; between the 50th and 75th percentile = 6; >75th 
percentile = 9. For metrics with negative correlations, values which 
scored less than the 25th percentile = 9; between the 25th and 50th 
percentile = 6; between the 50th and 75th percentile = 3; >75th 
percentile = 0. 

 Regression Percentile 

Stream class Metric  25th 50th 75th 

Non_Volcanic 
(all gradients) 

% Trichoptera  Positive 77.7 96.4 104.7 

 %EPT/(%Moll + 
%Crust) 

Negative 84.2 118.9 141.9 

 % Chironomidae Negative 90.3 102.3 126.8 

 % Diptera Positive 81.4 84.2 100.2 

      

Volcanic  
steep-gradient 

%EPT/(%Moll + 
%Crust) 

Positive 56.8 73.6 93.4 

 %EPT/(%Oligos + 
%Moll) 

Positive 58.7 76.2 98.8 

 % Crustacea Negative 105.5 138.3 212.8 

 %Mollusca Negative 92.4 121.8 155.9 

      

Volcanic  
gentle-gradient 

EPT2 richness Positive 82.8 88.6 95.9 

 Richness Positive 91.9 95.6 99.3 

 %EPT/(%Oligos + 
%Moll) 

Positive 33.9 56.1 77.3 

 %EPT(2)_richness Positive 74.9 92.8 104.8 

 %EPT/(%Moll + 
%Crust) 

Positive 29.7 47.3 74.3 

 % Mollusca Negative 109.7 147.9 196.8 
 

3.3.3 Assessment of metric performance 

The strength of the BoP_IBI when compared to other commonly used metrics  
(e.g. MCI and EPT) and the ASPM was assessed by regression analysis against the 
AG_INDEX. For non-volcanic streams, the only significant correlations with 
AG_INDEX was for the BOP_IBI: no other common metrics showed any significant 
correlations (Table 25). For volcanic steep-gradient streams, the BoP_IBI showed a 
much stronger correlation with AG_INDEX than all the other individual metrics 
(Table 25), and for volcanic gentle-gradient streams, the BoP_IBI had the third 
strongest correlations with AG_INDEX. The only stronger correlations were for 
%EPT (1) richness and calculated ASPM scores (Table 25). These results suggest 
that the BoP_IBI responds in a consistently more powerful manner to land use 
changes within the different stream classes tested than more traditional invertebrate 
metrics. 
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Table 25 Results of regression analysis for the BoP_IBI and six metrics 
commonly used to characterise stream health with AG_INDEX used 
to describe land use within the catchment. Table shows the resultant 
r2 value of each equation, as well as the model F-value and its 
significance value (P-value). Ns = non-significant regressions  
(P >0.05). 

Stream class Metric r2 value F-value P-value 

Non_Volcanic (all gradients) BoP_IBI 0.557 14.857 0.003 

 MCI ns ns ns 

 QMCI ns ns ns 

 EPT(1)_r ns ns ns 

 %EPT(1)_r ns ns ns 

 %EPT(1)_n ns ns ns 

 Richness ns ns ns 

 ASPM ns ns ns 

Volcanic steep-gradient BoP_IBI 0.217 16.762 <0.001 

 MCI 0.116 8.511 0.005 

 QMCI ns ns ns 

 EPT(1)_r 0.127 9.269 0.004 

 %EPT(1)_r 0.138 10.128 0.002 

 %EPT(1)_n ns ns ns 

 Richness ns ns ns 

 ASPM 0.145 10.638 0.002 

Volcanic gentle-gradient BoP_IBI 0.352 27.602 <0.001 

 MCI 0.302 22.223 <0.001 

 QMCI 0.251 17.462 <0.001 

 EPT(1)_r 0.449 40.851 <0.001 

 %EPT(1)_r 0.302 22.209 <0.001 

 %EPT(1)_n 0.276 19.678 <0.001 

 Richness 0.333 25.439 <0.001 

 ASPM 0.393 32.688 <0.001 
 
This assertion was also confirmed by the ANOVA analysis that examined 
differences in calculated metrics between stream sites flowing through different land 
cover in each of the three stream types. Here, the BoP_IBI was the only metric that 
differed between land cover categories in the non-volcanic stream class, and 
displayed the most significant differences between land use classes in the volcanic 
steep-gradient streams (Table 26). The BoP_IBI was the fourth most powerful metric 
discriminating between land cover classes in the volcanic gentle-gradient streams 
(Table 26). 
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Table 26 Results of ANOVA between the BoP_IBI and six other metrics 
commonly used to characterise stream health, showing differences 
between stream sites draining catchments of contrasting land use  
(N = native forest; EF = exotic plantation forestry; P = pasture;  
U = urban). Also shown are the model F and P values. Ns = no 
significant difference between land use (P >0.05). 

Stream class Metric Landcover effect F-value r2 value 

Non_Volcanic (all gradients) BoP_IBI IF >EF >P 4.313 0.492 

 MCI ns ns ns 

 QMCI ns ns ns 

 EPT1_r ns ns ns 

 %EPT1_r ns ns ns 

 %EPT1_n ns ns ns 

 Richness EF >IF >P 6.448 0.589 

 ASPM ns ns ns 

Volcanic steep-gradient BoP_IBI IF >EF >P 7.654 0.218 

 MCI IF >EF >P 4.810 0.149 

 QMCI Ns ns ns 

 EPT1_r IF >EF >P 3.201 0.104 

 %EPT1_r ns ns ns 

 %EPT_n EF >IF >P 3.285 0.107 

 Richness ns ns ns 

 ASPM IF >EF >P 3.892 0.124 

Volcanic gentle-gradient BoP_IBI IF >EF >P >U 7.187 0.313 

 MCI IF >EF >P >U 3.133 0.170 

 QMCI IF >EF >P >U 4.410 0.223 

 EPT1_r IF >EF >P >U 9.137 0.373 

 %EPT1_r IF >EF >P >U 6.544 0.299 

 %EPT1_n IF >EF >P >U 7.921 0.341 

 Richness IF >EF >P >U 4.165 0.214 

 ASPM IF >EF >P >U 7.242 0.321 
 
Once the BoP–IBI scores had been created, they were assigned to one of four 
condition classes based on arbitrary breakpoints (the 30th, 60th, and 90th percentile) 
of the BoP–IBI score from reference sites within the relevant biophysical class. 
Examination of the number of sites assigned to one of the four stream health 
classes showed significant differences between streams when assessed using the 
MCI, QMCI, or the BoP_IBI (Table 27). The MCI in particular appeared to 
underestimate the number of streams in either the “fair” or “poor” condition classes 
when compared to the QMCI or BoP_IBI. For example, no streams in the  
non-volcanic or the volcanic steep-gradient class were assigned to a “poor” 
condition class when assessed by the MCI. In contrast, nine streams from these 
same biophysical classes were assessed as “poor” based on their QMCI, and 18 
streams were assessed as “poor” based on their BoP_IBI (Table 27). 
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Table 27 Percentage of stream sites in each of the three geology-slope stream 
classes that were allocated to one of four ecological condition classes 
(excellent, good, fair, poor) when assessed using either the MCI, 
QMCI or Bay of Plenty_IBI. 

Stream Class Condition Class MCI QMCI BOP_IBI 
Non_Volcanic (all gradients) Poor 0 1 3 
 Fair 0 3 3 
 Good 5 4 2 
 Excellent 7 2 4 
Volcanic steep-gradient Poor 0 8 15 
 Fair 4 11 22 
 Good 33 21 8 
 Excellent 21 18 13 
Volcanic gentle-gradient Poor 2 15 12 
 Fair 14 11 7 
 Good 23 14 17 
 Excellent 11 10 14 

 
There were large differences in the spatial distribution of stream condition classes 
when assessed using the MCI, QMCI and BOP_IBI (Figure 39). Low-scoring  
MCI classes (“poor” or “fair”) were generally found at low elevation sites near the 
coast, although three sites near Lake Tarawera were also assessed as being “fair”. 
Most sites around Tauranga Harbour and east of Whakatāne were also classed as 
being in either "good" or "excellent" condition. Examination of both the QMCI and 
BoP_IBI scores showed markedly more “poor” sites, including a number of sites 
around Lake Rotorua and Lake Tarawera. There were also more "poor" or "fair" 
sites around Tauranga Harbour and to the east of Whakatāne using these two 
metrics. 
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Figure 39 Map showing stream health as assessed using: A) the MCI score; B) 

the QMCI score, and C) the BoP_IBI. Note the generally lower stream 
health scores for the QMCI and BoP_IBI, especially for many of the 
coastal stream sites. 

3.4 Discussion 

The objective of this section was to examine different ways of assessing stream 
health using a combination of existing individual biotic indices such as the MCI and 
QMCI, a published multimetric index (ASPM), and the IBI that had been developed 
specifically for the Bay of Plenty. This process helped to identify a robust metric(s) to 
use in the assessment of state and trends in stream health in the Bay of Plenty 
(Sections 3 and 4). Metrics were regarded as being robust if they successfully 
condensed complex ecological data into a single numerical representation of stream 
health, and if they were able to consistently detect changes to stream heath arising 
as a result of land use activities. This ability is considered to be a fundamental 
attribute of any metric, given the well documented effects of land use activities on 
stream ecosystems (see Section 2). A robust metric thus needs to be both accurate 
and consistent in reporting changes in stream health, and is essential for the 
effective communication of waterway condition to a range of audiences. 
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Our analysis has shown that well-established indices such as the MCI and QMCI 
can lead to an inconsistent summary of the state of stream health within the  
Bay of Plenty (e.g. Table 27). Within the three a priori defined geology slope 
classes, the MCI consistently reported fewer stream sites in “fair” and "poor" 
condition, and consistently more streams in the “good” and “excellent” categories. 
Using QMCI, more sites were assessed as “poor”. Differences in the allocation of 
streams to category classes based on the MCI or QMCI scores was also observed 
by Wright-Stow and Winterbourn (2003) who assessed invertebrate data collected 
from 230 streams throughout Canterbury. They highlighted that this lack of 
consistency may cause concern, since the two indices were developed to have the 
same function (Stark and Maxted 2007). Such ambiguity in their interpretation may 
confuse communication of stream health to managers, politicians and the 
community. 

In an attempt to minimise this confusion, Wright-Stow and Winterbourn (2003) 
recommended the use of "fuzzy bands" between the cut-off values of integrity 
classes for the MCI and QMCI scores. However, even when stream condition was 
reassessed on the basis of these recommended bands, fewer sites were assessed 
as being in "poor" condition when using the MCI than the QMCI (unpublished data). 
This suggests that a relatively large number of sites in the region are showing 
reductions in the relative abundance of "sensitive" taxa (with a resultant reduction in 
the QMCI score), whereas the presence/absence information used to generate the 
MCI score shows that these taxa may still be present. This raises the question as to 
what aspect of the invertebrate community composition is of more relevance to 
measure and report on: long-term similarity of the species composition or long-term 
similarity of the relative abundance of different taxa? Reliance on the former metric 
will only detect changes to MCI when sensitive taxa are lost from a stream, by which 
time it may arguably be too late to implement measures to stem this loss of 
individual species. Reliance on a metric such as the QMCI could in theory allow for 
a more sensitive "early warning" of the potential degradation of stream ecosystems 
if sensitive taxa are reducing in relative abundance in response to some unknown 
pressure. 

Stark and Maxted (2007) argue that the MCI is a better index for SoE monitoring 
and reporting than the QMCI, which they suggest should not be used. They base 
this argument on the fact that regional councils usually sample over several weeks 
to months during the summer, and that there are likely to be differences in 
macroinvertebrate community composition relating to when each sample was 
collected. They give an example of two sites which are sampled 30 days apart, and 
suggest that the sites sampled on the second occasion could have lower QMCI 
values because of increased periphyton development, and the subsequent 
increasing dominance by low scoring taxa such as chironomid, worms, snails and 
Hydroptilidae caddis flies. They conclude that this problem will affect the MCI to a 
lesser extent than the QMCI, because the overall species composition at the site will 
remain the same, whereas relative abundance will change. This contention is 
supported by a considerable amount of research (Suren et al. 2003; James and 
Suren 2009; Suren and Riis 2010) that shows changes to invertebrate communities 
during summer flow recessions are mostly to relative abundance of different taxa. 
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Stark and Maxted (2007) also state that trend analysis to determine whether 
ecological health is changing in a particular stream is best undertaken with at least 
eight years or more of data. However, when examining long-term state and trends in 
stream health, any potential short-term reductions in QMCI scores as a result of 
natural successional changes during a summer sampling period may not be as 
problematic as Stark and Maxted claim. This is primarily because the order that sites 
are sampled throughout the Bay of Plenty changes between years, so there is little 
likelihood that the same site would be sampled only late in summer on different 
surveys, where QMCI scores may be reduced. This means that if the QMCI scores 
at a particular site were reduced because of algal proliferations during summer in 
one year, the following year this site may not experience such proliferations, and so 
the QMCI score should return to its "normal" value. If, however, there is a long-term 
trend of reducing QMCI scores, it suggests that the invertebrate community is being 
stressed such that sensitive taxa are becoming less abundant. Arguably, it is better 
for a regional council to be more conservative with the identification of potential 
stress in streams, and respond at early stages where there is potential evidence of 
changes to relative abundance, than to wait until sensitive taxa have become locally 
extinct. Therefore the QMCI has considerable advantages over the MCI in 
accurately describing the ecological condition of streams, despite the misgivings of 
Stark and Maxted (2007). 

Examination of the correlations of individual biotic metrics such as MCI, QMCI, EPT 
and richness against a gradient of land use change (AG_INDEX) within each 
geology-slope class also showed large differences in their response. Indeed, in the 
non-volcanic class, the only metric to show any relationship to AG_INDEX was the 
BoP_IBI. This meant that the other metrics were not responding in a predictable 
manner to changes in catchment land use above in the stream sites in this class. 
This inconsistency may reflect the fact that individual biotic metrics respond to 
differing stressors, and therefore unlikely to show consistent behaviours across a 
land use gradient. This lack of consistency, combined with other criticisms about 
single metrics such as their inability to deal with the impacts of multiple stressors 
(see Collier 2008; Herman and Nejadhashemi 2015) is why multi-metric indices 
have such intuitive appeal. The use of multimetric indices is thus likely to capture a 
wider range of responses of different aspects of the invertebrate community to 
different environmental stressors. This was the driver behind Collier (2008) creating 
the ASPM and the reason for the creation of the BoP_IBI. 

A major difference between the ASPM approach used by Collier and the 
development of the BoP_IBI is the fact that the latter approach was done on the 
basis of first creating a spatial classification of streams, and then comparing 
observed values of individual biotic indices between a test site and an appropriate 
set of reference sites. This regionalisation of stream types where the observed 
values are compared to expected values is a key step in the creation of many 
multimetric indices (Herman and Nejadhashemi 2015). For this work, the spatial 
classification was based on geology and slope, which has been shown to affect both 
water quality and invertebrate communities throughout the region (Suren and  
Carter 2015, Snelder et al. 2016). By partitioning the region into this spatial 
classification, the responses of individual metrics to pressures associated with land 
use change are unlikely to be masked by inherent differences in processes 
operating within each stream type. This is the same approach as used in both 
Europe (Böhmer et al. 2004; Hering et al. 2004) and America (Herman and 
Nejadhashemi 2015). 
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Using this approach, we identified a set of key biotic metrics within each  
geology-slope stream class that responded to a gradient of land use change. The 
only biotic metric consistently identified in all three stream classes was the 
%EPT/(%Mollusca + %Crustacea). Other metrics (e.g. % Crustacea, Mollusca or 
Trichoptera were identified as important in two of the three classes. Following the 
selection of these individual biotic indices, the BoP_IBI was calculated using the O/E 
approach. Because the BoP_IBI was based on a spatial classification, and because 
it was based on selecting metrics that responded in a predictable manner to 
environmental stressors within each stream class, it is expected that the 
performance of this new multimetric would be as high or higher than that of the 
individual biotic metrics or the ASPM. 

The BoP_IBI was the only metric related to AG_INDEX in the non-volcanic streams. 
It also had the strongest regressions with AG_INDEX change in volcanic  
steep-gradient streams, and had the third strongest regression in the volcanic 
gentle-gradient stream class. The only other metric with similarly strong regressions 
was the ASPM, which had the second most powerful regression in both volcanic 
steep, and gentle-gradient streams. Of interest was that commonly used biotic 
indices such as the MCI were selected in only two stream classes, and the strength 
of this relationship was much less than that observed for either the BoP_IBI or the 
ASPM. 

Another way of assessing metric performance was by comparing differences in 
calculated metrics between the land cover classes within each of the stream 
classes. As with the regression analysis, the BoP_IBI showed the greatest 
differences between land cover classes in volcanic steep-gradient streams, and 
second highest differences in non-volcanic streams. In all cases, scores were higher 
for stream sites draining native forest and exotic plantation forests, and lower for 
stream sites draining pasture. Within volcanic gentle-gradient streams, the strongest 
differences between land use classes were found for the %EPT*_r and %EPT*_r, 
followed by the BoP_IBI. The finding that the BoP_IBI responded so strongly to land 
use gradients in each stream class shows that this multimetric appears to be an 
ideal candidate for use in future analysis of state and trends of stream health 
throughout the Bay of Plenty. Although this metric may be slightly more difficult to 
explain to managers, politicians and the community, it appears to have greater 
ability to respond in a predictable manner to stressors associated with land use 
change within each stream class. 

The BoP_IBI was developed using a series of discrete and logical steps which have 
been used by other researchers. Given that the utility and accuracy of a biotic index 
is only as robust as the methods used to develop it (Lenat 1993), it is thought that 
the BoP_IBI has inherent advantages over the more generic biotic indices such as 
the MCI which, despite their widespread use throughout the country, may arguably 
not provide realistic and sensible ratings of stream health that are required for 
successful management. 

The EPT*_r was also shown to respond strongly to land use gradients in the 
different stream classes, and so this metric is also recommended for use in 
assessments of state and trends of stream health throughout the Bay of Plenty. The 
only disadvantage of this metric is that it presently has no banding system for 
classifying stream health. However, as with the BoP_IBI, stream health bands could 
be created relatively easily based on the percentile of EPT*_r within each stream 
class. In this way, the number of stream sites belonging to particular stream health 
classes could easily be determined. 
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Although the performance of the traditional MCI was not as strong in responding to 
land use gradients within each stream class as either the BoP_IBI or EPT*_r, it was 
decided to still use this metric to report on state and trends throughout the region. 
This decision was based purely on the fact that the MCI is (rightly or wrongly) 
universally used to assess stream health throughout New Zealand (Boothroyd and 
Stark 2000), and is also one of the three indices used by regional councils to report 
stream health on the Land Air Water Aotearoa (LAWA) web page 
(www.lawa.org.nz). Another advantage of the MCI is that models have been 
established that predict both the current MCI values as well as those thought to 
occur prior to land use change within a wide range of streams throughout  
New Zealand. 

In summary, future analysis of state and trends of stream health throughout the  
Bay of Plenty will be explored using three indices: BoP_IBI, EPT*_r, and MCI. 
Although the BoP_IBI reflects a more accurate representation of overall stream 
health, the other two metrics have also been chosen to help complement the results 
of the BoP_IBI. This approach also allows a useful comparison of assessments of 
overall state and trends of stream health throughout the Bay of Plenty to be made, 
which will clearly show the implications of using the different metrics. Choice of the 
final metric will be a mix of the degree of difficulty in explaining it to managers, and 
the amount of information that could be lost if only single metrics such as the MCI 
are used. 
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Appendix 4 – State and trend data summary 

This appendix contains summary information of all monitoring data obtained from each site 
over the duration of the monitoring programme. For each site, information is provided on the 
following: 

Site name: 

Site identification number in the monitoring programme. 

Location: Easting and northing (in New Zealand Transverse Mercator). 

Stream type: Whether the streams is hard (dominated by boulders, cobbles or gravels) or 
soft-bottomed (dominated by fine pumice sands). 

Dominant land-use in the catchment above each sampling location. Four classes are 
recognised, native bush, plantation forests, pasture (agriculture), or urban development. This 
assessment is based on the dominant land-use in a catchment, although if agricultural 
development in the catchment exceeds 20%, then the catchment is classified as "pasture", 
and if urban development exceeds 5%, in the catchment is classified as "urban". 

The biophysical classification of the site, based on either volcanic gentle, volcanic hill, or 
non-volcanic. 

An indicative site map and location photo are also shown. 

Values of the seven different biological metrics that describe the invertebrate communities 
at each site are then shown. For each site, a box plot has been produced that summarises 
the median value value (horizontal line), as well is the range of the data in each of the four 
dominant land-use classes. These box plots have been produced showing the average 
conditions of all sites in the different land-use classes within the three different biophysical 
classifications. The red dot on each graph shows the average value of each individual metric 
observed during the monitoring period. In this way, the relative "health" of the invertebrate 
communities at each site to other communities within the same stream type can be 
compared. 

This information is also summarised on Figure 1. 
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Figure 1 Example of the summary data sheet showing the relevant physical 
and ecological information collected at each of the monitoring sites. 
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Where significant trends to metrics were observed, these are also shown, plotted against 
time (e.g. Figure 2). 

 
Figure 2 Example of biotic metrics that showed significant trends over the 

monitoring programme, as assessed by a significant (P < 0.05)  
Man-Kendall test. 
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The above information is presented for all SoE sites monitored within each of the nine water 
management areas. This information has been presented in the order of the WMAs, as 
shown in Figure 3. 

 
Figure 3 Map of the Bay of Plenty region showing the 9 Water Management 

Areas (WMA) that the region has been divided into. Monitoring results 
are presented on a WMA basis. 
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