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  Introduction 

We all need fresh water to sustain healthy stock, healthy communities and healthy 

freshwater ecosystems but freshwater catchments must be actively managed to 

maintain the high levels of water quality needed. Landowners, developers, 

contractors and even gardeners may be unwittingly degrading the freshwater 

systems.  

Most of us relate to water as a resource to enjoy for business or recreation but too 

few of us consider it as habitat to native fish and invertebrates. That is largely 

because we don’t see much of our fish - they’re mostly nocturnal. Koura 

(freshwater crayfish) hide from sight and insects are simply too small to be noticed 

by anyone but the most ardent anglers. 

Forest clearance jeopardised freshwater biota by removing necessary shade, food, 

absorption of surface runoff. Subsequent farming and industry exposed our stream 

life to injections of different and often toxic chemicals and inundated streambeds 

with silt.   

Throughout New Zealand research and experience is creating a wealth of 

knowledge about best practice in management of freshwater catchments so that 

their values as habitat and as a resource for our activities can be retained or 

regained. 

Thinking about entire catchments, rather than the immediate stretch of stream or 

river, is a big step forward. Understanding that fish migrate the full length of 

waterways is fundamental to improving freshwater habitats, just as realising how 

discharges onto land in catchments effects the water that accumulates at the 

bottom of the gully.  

Use this guide as a quick reference for advice before undertaking activities that 

may be detrimental to freshwater systems.     

WHAT CAN PUT PRESSURE ON FRESH WATER SYSTEMS?  

Farming  

animals having direct access to waterways, damaging riparian buffer zones, 

damaging whitebait spawning habitat, and introducing effluent and faecal 

coliform bacteria 

sediment-rich runoff choking habitat and injuring wildlife, flooding wetlands 

and infilling estuaries 

runoff containing animal wastes, introducing faecal coliform bacteria and 

nutrients 

fertiliser application, enriching stream silts and wetlands 

flooding and erosion intensified by removal of vegetation from hillsides and 

river banks 

water abstraction, creating pressures on waterways and aquifers 

draining, degrading and reducing wetlands 



Forestry 

sediment-rich runoff during harvest 

fertiliser application reducing water quality 

herbicide drift introducing contaminants into waterways 

flooding and erosion intensified by removal of vegetation from hillsides and 

river banks  

Urban developments & roading 

sediment-rich runoff during construction 

 piping waterways 

surface runoff contaminants from vehicles, spills, roofs and rubbish 

flooding and erosion intensified by removal of vegetation from hillsides and 

river banks, and increase of impervious surfaces 

draining, degrading and reducing wetlands 

introduction of aquatic weeds and pest fish 

water abstraction to increased demand, creating pressures on rivers and 

aquifers 

Industry 

surface runoff contaminants from vehicles, spills, roofs and rubbish 

discharges of chemicals, trade waste, water with different temperature / pH 

river gravel extraction 

Flood protection 

river metal extraction 

altered flow regimes and loss of habitat diversity 

Lake and pond creation 

potential to spread pest plants and fish into waterways during floods 

potential interference with ground water levels, altering other water bodies in 

the vicinity 

WHAT ARE OPTIMAL WATERWAY CONDITIONS? 

pH range for native fish is pH 5 - 9; optimum range is pH 6.3 - 8.5. 

Optimum temperature range for fish life is between 100 - 250 C.

Dissolved oxygen content of water should exceed 80% of the daytime 

saturation concentration (RMA 1991).  

Dissolved oxygen concentration should exceed 6 mg/l measured over at least 

one, but preferably several, diurnal cycles. 

Biochemical Oxygen Demand (BOD) is a measure of organic pollutants and 

should  be lower than 2 g/m3 



Recommended minimum water depth through built structures is 150mm. 

Velocity in streams during low flow periods is ideally no greater than 0.5m per 

second. But built structures such as culverts can have velocities up to twice so 

they should have rough-sided walls and riffles. Native fish are generally weak 

swimmers and seek out the quieter flows. 

Dissolved inorganic nitrogen (DIN, a combination of nitrates and ammonia) 

should be less than 40-100 mg/m3. If it goes higher, the waterway is prone to 

nuisance weed growth and ammonia may become toxic to fish. 

 Dissolved reactive phosphorus (DRP) should be less than 1530 mg/m3. Above 

this level it will encourage algal growth. 

 



 

 



WATER QUALITY TERMINOLOGY 

Anoxic / anaerobic - without oxygen. 

DO - dissolved oxygen. The oxygen content of water is critical to the distribution and abundance of many aquatic 

organisms, especially in lakes. Low levels mean many species do not thrive, or are absent. 

DRP - Dissolved Reactive Phosphorus or ‘phosphate’. This form of phosphorus is easily utilised by plants. 

Eutrophication - the process by which waterways and lakes become enriched with nutrients. 

Nutrient - dissolved inorganic nitrogen (DIN) and phosphorus compounds which can be used by phytoplankton. 

Normally they are in the form of ammonium, nitrate and dissolved reactive phosphorus (DRP). 

Nutrient release - the process where nutrients are produced by bacterial action in sediment. This tends to occur 

throughout the year but in lakes which become thermally stratified in summer the rate of release will increase 

dramatically if the sediment becomes anoxic. 

Phytoplankton - free floating microscopic plant living in lake waters. 

Riparian - the area at the edge of a water body which has an influence on, or is influenced by, the water body. 

Thermal stratification - separation of the water column into an upper warmer layer over a cooler lower layer. 

Usually a result of solar warming. 

TN - total nitrogen; including solid and soluble forms. 

TP - total phosphorus; including solid and soluble forms. 

Water quality - usually describes the amount of plant growth nutrients N and P in the water. 

 

ABBREVIATIONS USED IN THE GUIDE 

DOC - Department of Conservation 

MFE - Ministry for the Environment 

NIWA - National Institute of Water and Atmospheric Research 

PCE - Parliamentary Commissioner for the Environment 

RMA - Resource Management Act 1991 



 1. Water abstraction  

The entire freshwater ecosystem depends upon adequate amounts of water and 

adequate quality to sustain freshwater species. The premise under the RMA is that 

all uses of natural resources are possible as long as the life supporting capacity of 

(in this case, freshwater) ecosystems are maintained.  

Under s14 RMA the taking of water from rivers and from lakes and aquifers 

(ground-water) must be authorised by consent or permitted activity in a plan.  

Stock drinking and domestic purposes are specifically permitted by s14 if they are 

for an individual’s “reasonable” use and there are no adverse effects. 

Because calculating how much water can be sustainably abstracted depends on 

many interrelated factors, it is considered the best way to manage abstraction is 

by setting allocation limits at the catchment level in the regional plans. This 

provides greater certainty to landowners, commercial, industrial and municipal 

users as to the amount of water available for abstraction. 

Where a catchment does not have an allocation plan it is much harder to 

accurately estimate and manage the effects on the environment and on resource 

availability. Both strategic and site-specific issues need to be considered when 

determining permitted allocation levels and minimum flows. Are land uses 

compatible with the available resource? What discharges are occurring in the 

catchment and are flows adequate to dilute these? If the life supporting capacity 

or natural character of the freshwater system would be compromised by the take, 

or the information currently available is insufficient to know the effects, then a 

take may not be sustainable and should be avoided. 

 ABSTRACTION FROM STREAMS AND RIVERS 

Deriving Minimum Flow 

A derived minimum flow is a limit below which flows should not drop (abstraction 

should cease before this flow is reached). This flow may naturally be reached, and 

sometimes exceeded, during extreme drought periods even when no water is 

being taken. 

The intention of setting a minimum flow is generally not to provide a flow that the 

watercourse is always taken down to or sustained at. The allocation level must be 

set at a level that ensures the minimum flow is generally not exceeded beyond the 

period it would do so naturally, and to mimic natural watercourse flow patterns. It 

is important to maintain flow variability. High flows (flood events) are a vital 

component of indigenous riverine ecosystems and many native species have 

evolved to depend on sporadic high flows for migration, reproduction and feeding.  

High flows also encourage flushing of deposited fine sediments, which are harmful 

to freshwater life). 

Minimum flows should be set higher in degraded streams as they are less resilient 

to low flows than pristine streams (e.g. a forested stream will buffer low temp 



effects better than one exposed to the sun; a stream free of weeds will buffer low 

oxygen effects better than a stream containing aquatic plants).   

Flow Guidelines for Instream Values (MFE, 1998) outlines technical methods for 

setting minimum flows and levels (although opinions do vary on the appropriate 

methods). Instream Flow Incremental Methodology (IFIM) techniques can describe 

how the hydraulic habitat of fish changes with flow. Hydraulic variables are water 

depth, velocity and width. 

General Principles 

 Determine relationships between minimum flow and instream values using 

sound research and based on the distinctive characteristics of the particular 

catchment 

 Having researched the minimum flow regimes, use this as an environmental 

bottom line and then decide what might be allocated for human use 

 Make allocation and management technique decisions on a holistic 

catchment-based approach 

 Take a precautionary approach 

 A general principle that may be appropriate in some cases where there is 

uncertainly about the data or flow methodologies to determine minimum 

flows is that the minimum flow of a watercourse should be set at no lower 

than Mean Annual Low Flow. 

POTENTIAL EFFECT MITIGATION 

Lack of water to sustain aquatic life; 

barriers to fish passage if sections of 

stream dry up 

Velocities decrease and temperatures 

rise, which would be detrimental to 

aquatic life and could hasten thermal 

stratification in shallow lakes. Would 

encourage algal growth. 

Possible injury to fish by the pumping 

mechanisms; eggs and small fish 

sucked into intake structure 

Stream’s ability to dilute discharges 

may be diminished 

Mixing water from different 

catchments to meet demands may 

no be acceptable to local iwi 

Diminished recreational activities 

 

Ensure enough water remains in the 

stream for instream ecology and 

other non-abstraction uses e.g. 

recreation 

Undertake water conservation to 

reduce the need to abstract water 

Store water when the system has an 

excess 

Pulse abstraction so that not all water 

required is taken at once 

Screen intakes to protect fish 

Ensure intake structures do not block 

fish passage 

Enhance and protect the riparian area 

for shading and habitat enhancement 

Consult with local iwi regarding 

mixing of catchment waters 

 

 

 

 



Intake Structures in Small Streams 

Water abstraction from streams was traditionally achieved with weirs, however 

they often prevent fish passage and are no longer considered appropriate. Gravel 

infiltration galleries may serve to replace the need for a weir. Gravel infiltration 

galleries are usually created by digging a trench at right angles to the flow to 

intercept the water. 

A ‘water race’ is a highly inefficient technique for taking water. A large take from 

the natural watercourse is required and losses from this open system are high. 

Creation of new water races is not considered appropriate and existing ones need 

to be assessed to determine the values of the race itself and better management 

techniques. 

POTENTIAL EFFECT MITIGATION 

Blocking fish passage 

Possible injury to fish by the pumping 

mechanisms and eggs and small fish 

sucked into intake structure 

May adversely effect bank stability 

Interference with instream ecology 

 

Restore site to as near to original 

condition as possible 

Avoid any nesting birds or choose 

appropriate season for site works 

Do not allow vehicles to enter flowing 

water and do not refuel within the 

streambed confines 

 

ABSTRACTION FROM GROUND-WATER  

Managing aquifers is even harder than managing surface flows as it is much 

harder to measure the impact of abstraction and interactions between different 

aquifers and surface water. 

POTENTIAL EFFECT  MITIGATION 

Reductions in water available for lakes, 

wetlands and other waterbodies 

Overuse of shallow ground water may 

interfere with neighbours bores and 

lakes, cause subsidence of organic-rich 

substrates, allow saltwater intrusion 

into the aquifer.  

Lake creation may interfere with 

ground water levels over a wide area, 

especially in duneland. 

In areas like the Hutt Valley, where 

ground-water is flowing in gravels 

under confining layers of silt and clay 

holding deep aquifer water under 

pressure, puncturing the soil layers 

with too many holes can cause the 

aquifers to lose pressure. 

Because of the largely unknown effects 

of ground water abstraction a 

precautionary approach is required 

Consult local and regional councils 

regarding suitable depths for bores and 

potential effects of creating lakes in 

dunelands. 



 

 

Wells and bores 

Resource consent is required for all bores (Rule 15 of Greater Wellington’s 

Freshwater Plan). The Plan defines a bore to be: “any hole regardless of the 

method of formation that has been constructed to provide access to ground water, 

or which intercepts ground water in an aquifer, excluding geotechnical 

investigation bores other than in the Lower Hutt Ground Water Zone. 

Being allowed to construct a bore does not automatically allow you to take water. 

The Freshwater Plan itemises the safe yields allowable from aquifers at different 

depths at 46 locations. Consents for greater takes would only be considered where 

there was enough information available to predict how the aquifer system would 

be affected by the proposed abstraction. In the Lower Hutt Ground Water Zone a 

water permit is required to take any water. Everywhere else you need a permit to 

take more than 20,000 litres a day.  

GENERAL REFERENCES 

Flow Guidelines for Instream Values MFE, 1998. Ref. ME270 (Volume A) 

ME271 (Volume B). 

http://www.mfe.govt.nz/publications/water/flow-guidelines-for-instream-values-

may98.html 

These guidelines provide a consistent approach to setting minimum flows and 
other flow requirements in rivers. Volume A covers the principles of hydrology and 
hydraulics, discusses instream values, and sets out the process by which flow 
requirements are determined and given practical effect. Volume B provides 
technical and background information, including how changes to flow regimes 
affect recreational, landscape and Maori values. 

 

Greater Wellington Instream Flow Guidelines. Currently in draft form only. 

 

Greater Wellington Regional Freshwater Plan Dec 1999. Ref: WRC/RP-G-

99/31.  

http://www.gw.govt.nz/story_images/2412_RegionalFreshwat_s4582.pdf 

The Freshwater Plan sets a framework for the take of water from the river and 
ground-water systems. This has the following characteristics:  

Rivers  

• an understanding of the ‘normal’ or regular flow of a river;  

• a minimum flow which is deemed necessary to maintain the ecological health 
and amenity of the river or stream;  

• a core allocation of water that should generally be available from the system;  

• the level of river flow needed if more water is to be taken above the core 
allocation;  



• a ‘step down concept’ which means that as a river approaches the minimum flow 
the level of allowable take will be reduced as well. Various thresholds are set 
around this concept.  

 

Ground-water  

• an understanding of volume of water in the aquifer and the rate at which it is 
recharged. Where there is a relationship between nearby river flow and the 
amount of water recharging the aquifer, this needs to be factored in;  

• an estimate of a safe total yield;  

• a division of that yield between bores and property owners.  

 

Jowett, I.G. 1993. Minimum flow assessments for instream habitat in Wellington 

rivers. Report to Wellington Regional Council. New Zealand Freshwater 

Miscellaneous Report No. 63. NIWA, Christchurch. 33pp. 

 

Richardson, J., Jowett, I.G. 1998. Freshwater fish communities in Northland 

and methods for setting minimum flows. NIWA Technical Report 25. 

 

WAIORA: Water Allocation Impacts on River Attributes. NIWA and 

Auckland Regional Council 2001.  

http://www.niwascience.co.nz/ncwr/tools/waiora 

A PC-based package incorporating several simplified numerical models, user 
manual and technical report for water resource managers. Enables prediction of 
habitat and water quality changes to a river based on existing and new flows. 
Reports on changes to in-stream habitat expressed as water depth, velocity 
and channel width, mean and maximum daily water temperature fluctuations, daily 
minimum dissolved oxygen levels and total ammonia concentrations. 

 

Water Matters: Otaki Water Management Plan. Iwi Management Plan by 

Nga Hapu O Otaki on behalf of Ngati Raukawa ki te Tona 2000. Written with 

support from Kapiti Coast District Council. Also available on-line www.kcdc.govt.nz 

Discusses the natural water systems in the catchment including aquifers and 
stream flows, identifies the water resource available and the steps required to 
manage that resource and to manage its supply. 

 

Whose Water Is It? The Sustainability of Urban Water Systems on the 

Kapiti Coast. Parliamentary Commissioner for the Environment, 2001. Also 

available on-line www.pce.govt.nz. 

An investigation into the performance of the agencies and processes for managing 
the allocation, use and sustainability of urban water systems on the Kapiti Coast. 
Provides an overview of sustainability requirements and conservation techniques 
for urban systems as well as reviewing issues specific to the Kapiti Coast.   

 



 2. Discharges & additives 

If waterways are heavily polluted very few freshwater fish and invertebrate species 

will be able to survive in them, and of course most indigenous fish need to migrate 

through lowland streams and rivers (often very polluted) to reach habitat in the 

headwaters of those waterways. When considering a consent for discharge, 

applicants need to also consider the amount of water being taken from consented 

takes and the amount that is allowed to be taken in allocation plans, as there must 

be adequate water to dilute discharges.  

Point source discharges into waterways can be undiluted substances such as 

effluent or chemical spills. They may also constitute water which contains 

pollutants such as stormwater. Even hot water discharges can cause problems. 

Non point source discharges can include spray drift of fertilisers and herbicides or 

leachates entering waterways via ground water, animal effluent off paddocks, 

fertilisers and earthworks runoff.   The pollutants are often invisible and the 

impacts may be cumulative and not immediately evident.  

Activities typically causing problems include: 

 Top-dressing, herbicide and pesticide application (farming and forestry) 

 Dairy shed and piggery effluent discharge 

 Effluent run-off from paddocks 

 Sewage discharge (treated and untreated) 

 Silage pit leachate 

 Light industry and mining waste discharge and surface runoff (refer 

Section 3) 

 Stormwater discharge (refer Section3) 

 Residue from cleaning and painting bridges 

 Hot water discharge from industrial sites 

 Swimming pool discharge 

 

Major improvements are underway, with councils working towards getting dairy 

sheds to discharge to land rather than to watercourses, or by using fertiliser 

budget and abstraction controls to constrain unsustainable land-uses. Some 

councils require the fencing off of streams when land-use changes to more 

intensive uses such as dairy farming.  

The Department of Conservation seeks to maintain standards for water quality set 

by the Australian and New Zealand Environment and Conservation Council 

(ANZECC) Water Quality Guidelines. 

 

 



FERTILISER USE 

POTENTIAL EFFECT  MITIGATION 

Excess nutrient effects biological 

balances in waterway habitats. 

Potential for eutrophication, excessive 

aquatic plant growth and habitat loss. 

Nitrogen is the major problem, with 

phosphate less so. Phosphate attaches 

itself to soil particles so sedimentation 

off fertilised ground compounds the 

water quality problems. 

 

Test soil and monitor fertiliser 

application levels. Apply chemicals at 

recommended rates. Apply when plant 

uptake is optimal. 

Riparian planting to filter run-off and to 

provide shade to streams to lower 

temperature and light penetration to 

offset conditions for eutrophication. 

 

Code of Practice 

The Code of Practice for Fertiliser Use was launched in 1998 by Fert Research 

and endorsed by Government, Federated Farmers and Regional Councils. It was 

updated in 2002 to address issues such as water quality and greenhouse gases. 

Use of the Code is specified in a number of Regional Plans and forms part of the 

accreditation programme of a number of primary industries. The Code comprises 

four parts: Fertiliser Practice, User Guides, Fact Sheets and Addenda. 

District Plans 

The Code deals with fertiliser use in terms of the sustainable land management as 

provided for in the RMA. The RMA is given effect through Regional and District 

Plans and, depending on the local authority, fertiliser may be referred to in their 

Water Quality Plans. 

Best Practice 

The Code makes use of the internationally recognised Framework for 

Evaluating Sustainable Land Management to assess environmental effects. 

The FESLM guiding principles address (i) environmental issues and (ii) financial 

issues. Evidence of good practice relies either on self-audit of records or on 

reporting by qualified advisors. 

Indicators of excess fertiliser application 

Elevated levels of nitrogen and phosphate resulting in algal blooms or excessive 

weed growth.  

Mitigating techniques 

The Code of Practice fact sheets include advice on mitigation techniques that 

relate to the likely causes of contamination of open water, from: 

aerial application  

ground application too close to water  

wind drift  

fine particle sizes  

storage too close to water  

loading and handling operations. 



HERBICIDE, PESTICIDE USE 

POTENTIAL EFFECT  MITIGATION 

Weed removal from stream banks may 

destabilise banks 

Decomposition of sprayed vegetation 

reduces dissolved oxygen content of 

water 

If chemicals enter waterways they may 

harm aquatic wildlife 

To remove riparian weeds explore the 

best option of hand-weeding, 

mechanical-weeding or using grass 

carp in approved locations. 

Explore long term options of 

plantings to shade out weeds. 

Following weed removal, replant 

preferably using native species. 

 
Spray application contractors should be accredited with “Gro-Safe”, the New 

Zealand Agrichemical Education Trust. NZ Agrichemical publish a manual - use it 

to find suitable chemicals with low impact on waterways.  

Regional Freshwater Plan: point discharge 

Rule 5 requires a discharge permit for the discharge of agrichemicals into water. 

This is a discretionary activity. 

EFFLUENT DISCHARGE 

 
POTENTIAL EFFECT MITIGATION 

Contaminants and pathogens may 

reach toxic levels for wildlife (including 

humans). 

Reduction in water qualities such as 

dissolved oxygen, increased turbidity 

(water clarity). 

Excessive plant growth and 

eutrophication. 

Use settling sumps and wetland 

treatment for septic systems. 

Re-use effluent as a pasture fertiliser*. 

Clean septic tanks regularly. 

Keep effluent discharges at least 50 

metres away from watercourses. 

 
Effluent discharges are controlled by resource consents granted by Greater 

Wellington Regional Council. Rules about stock effluent disposal only apply when a 

person discharges the effluent, e.g. when hosing down a milking parlour or hosing 

out piggery pens. 

Using or discharging composted agricultural effluent is not restricted under any 

regional plan, and is allowed as of right provided there is no consequential 

discharge to water. However, if the compost contains any human faecal matter it 

cannot be discharged to land or water without a discharge permit. 

Effluent irrigation*. Test the nitrogen content of the effluent and apply it at the 

most effective application rate. Calculate application rates to prevent over-

application (max. 25mm). Consult Greater Wellington for optimal application rate 

budgeting advice. 

 



Rule 5 of the Regional Freshwater Plan requires a discharge permit to discharge 

agricultural effluent or sewage to water. This is a discretionary activity. 

Rule 13 of the Regional Plan for Discharges to Land requires a discharge permit 

for discharges into or onto land of agricultural effluent from dairy sheds, piggeries, 

poultry farms, and other premises where livestock are kept. This is a controlled 

activity.  

Rule 2 of the Regional Plan for Discharges to Land requires a discharge permit for 

discharges of agricultural effluent that do not comply with the standards in Rule 

13. This is a discretionary activity. 

SILAGE PIT OR LANDFILL LEACHATE 

POTENTIAL EFFECT MITIGATION 
Silage pits can cause severe pollution 

of waterways. Ammonia, minerals and 

acids contribute to the leachate. 

Filtering of the leachate can include 

treatment in artificially created 

wetlands. (refer Section 3) 

 

Regional Freshwater Plan: 

Rule 3 requires a discharge permit for discharges of stormwater from landfills to 
water. This is a controlled activity provided the discharge complies with the 
standards and terms stated in the rule. 

HOT WATER DISCHARGE 

 
POTENTIAL EFFECT MITIGATION 

Temperature changes can become a 

physical barrier to fish passage 

A rise in water temperature will 

advantage aquatic pests 

Pre-cool water prior to discharge 

 

 

Regional Freshwater Plan: 

Rule 1 requires the discharge is no more than 50C different from the ambient 
temperature of receiving water 

PAINTING BRIDGES 

POTENTIAL EFFECT MITIGATION 

Abrasive blasting or sanding of a bridge in 

preparation for painting can produce 

significant emissions of dust and 

particulates to the atmosphere and 

surrounding environment. In some cases 

the old paint may be lead-based; a 

Use appropriate removal tools (power 

tools which collect dust emissions or 

scrapers which create larger paint 

fragments that can be more easily 

managed) 

Secure clean drop-sheets below the 



potential toxin for freshwater biota. work to capture large fragments and 

particulates 

If removing paint by water blasting, 

ensure the waste water goes through 

a filter or earth dam before passing 

into the stormwater drain or ground 

soakage. For larger jobs, settlement 

and filtration of the waste water may 

be necessary prior to its disposal in 

the stormwater drain. 

 
The disposal of waste water from blasting in a stormwater drain would only be 

acceptable if there were no adverse effects on the environment. Normally it is not 

practicable to divert waste water to the foul sewer. In either case, if lead paint is 

involved, it is likely to enter the environment. The emphasis should be on removal 

of lead contaminants at source and proper disposal of the concentrated 

contaminated waste 

Regional Freshwater Plan: 

If you are blasting a bridge or any other structure near fresh water Rule 5 

requires a discharge permit unless the discharge is allowed by Rule 1 (discharges 

of water and minor contaminants) or Rule 2 (discharges of stormwater). This is a 

discretionary activity. 

SWIMMING POOL DISCHARGE 

POTENTIAL EFFECT  MITIGATION 

Pool water may contain chemicals such 

as chlorine or copper which would harm 

or kill aquatic life 

Water released may case sudden 

temperature change in receiving waters 

Drain into sewer (at less than 5 litres 

/second), or onto land, not 

stormwater system 

If discharged into waterways (as last 

resort) wait until two weeks after last 

addition of chemicals and add a de-

chlorinator and metal removal 

product. Temperature should be 

within 50C of receiving waters. 

 
 

Check with Regional Council regarding discharge rules.   

GENERAL REFERENCES 

ANZECC The Water Quality Guidelines. 

Australian and New Zealand Environment and Conservation Council and 

Agriculture 

and Resource Management Council of Australia and New Zealand, October 2000 

http://www.deh.gov.au/water/quality/nwqms/ 



The Water Quality Guidelines recognise the interdependence of all aspects of the 
aquatic environment and uses of water. Previous water quality guidelines and 
water quality literature dealt with only two categories of waters (freshwater and 
marine). They applied single values to physical, chemical and biological indicators 
or factors that can have adverse effects on water quality, aquatic ecosystems or 
agricultural production systems, without taking into account other factors that 
might reduce or exacerbate their effects.The new Water Quality Guidelines 
consider the protection of up to six ecosystem types and a range of factors that 
can influence the effects of specific contaminants. 

Volume 1 provides a framework for water resource management and states 
specific water quality guidelines for each environmental value and the context 
within which they should be applied. 

Volume 2 is a CD-ROM which contains technical support material, databases and 
software to enable users to understand the rationale and calculate site-specific 
trigger values. 

 

Code of Practice for Fertiliser Use. Fert Research 1998 (updated 2002). A 
guide for arable farming, horticulture, pastoral farming and plantation forestry. 
This publication is in four sections: 1  Fertiliser Practice; 2  User Guides; 3  Fact 
Sheets; 4  Addenda.  

Contact: NZ Fertiliser Manufacturers’ Research Association, Suite F, Building E, 
42 Tawa Drive Albany 1331 info@fertresearch.org.nz     www.fertresearch.org.nz 

 

Environment Watch on CD, 2003. Set of 6 CDs produced by NIWA as part of 

their Information Series. Free to secondary schools, community groups and 

environmental education organisations. Other groups $30 for the set. Order form 

available on-line www.niwa.cri.nz. Their content is suitable for school curricula 

activities and includes video clips and class worksheets. 

Weeds in Streams Aquatic plants are not always a problem but the CD identifies 
when they are, and ways of controlling them (including costs). 

Researching Sustainable Farming Practices to Protect Waterways Summarises the 
nutrient pollution issues of farming and describes a range of techniques being 
used to investigate and mitigate the problems including Fertiliser Risk 
Management, Rain Machines, Denitrification Trenches and Experimental Streams. 

Farm Stream Fisheries Looks at Being Whitebait Friendly, Crayfish Farming, Eels in 
Farm Waterways, Give Eels a Helping Hand and Pest Fish. 

Forestry and Streams  Explains the generally positive impacts on stream 
ecosystems of converting pasture to forest and how to manage the potential 
negative impacts when plantation forests are harvested. Gives information that will 
assist a student in understanding the impact of human activities on farmland and 
aquatic ecosystems. 

Dairy Shed Waste Describes management of dairy shed wastewaters and related 
issues of waterborne disease-causing microbes (“bad bugs”) and stream health 
monitoring. 

Sustainable Farming Projects The CD for this section describes three projects to 
reduce the effects of farming activities on stream and harbours. Only one of these 
projects appears as a web page. Sustainable farming is focused around practices 
that are economically, environmentally, and socially acceptable/beneficial. 



Dairying and Clean Streams Accord, May 2003. Accord developed between 

Fonterra, MAF, MFE, Local Govt NZ.  

http://www.mfe.govt.nz/issues/land/rural/dairying-accord-may03.pdf 

The Accord provides a statement of intent and framework for practical, cost-
effective actions to promote sustainable dairy farming in New Zealand. It focuses 
on reducing the impacts of dairying on the quality of New Zealand streams,, rivers, 
lakes, ground water and wetlands. The Accord is not legally binding on parties. 

The Accord proposes national targets. Targets advocated include fencing of 
waterways and wetlands to exclude stock, provision of culverts or bridges at stock 
crossings, dairy of dairy effluent, nutrient management. 

 

Guidelines for the Management of Lead-based Paint. Ministry of Health. 

Available on-line at www.healthed.govt.nz. Primarily written for workers involved 
in smaller jobs, but contains health and environmental advice on handling lead-
based products.  

 

Nitrate Contamination of Groundwater on the Kapiti Coast. December 

1996. Wellington Regional Council, WRC/RINV-T-97/26. An investigation of the 
extent and magnitude of nitrate contamination in the Waitohu, Otaki, Hautere and 
Coastal Groundwater zones.  Available from Publications Officer, Greater 

Wellington, 142 Wakefield St, Wellington. 

 

NZ Agrichemical Manual.  

The printed 2004 edition is over 560 pages and is bound in a 4 D-ring vinyl folder 
and costs NZ$130.00 plus GST. The Agrichemical Field Handbook is an abbreviated 
version of the Agrichemical manual, offering key product information in a quickly 
accessed, easy-to-carry form that is ideal for the tractor cab or vehicle glovebox. It 
is a companion issue to the Agrichemical manual and cannot be purchased 
separately. The 2004 edition is a A5 format, perfect bound with over 430 pages 
and costs NZ$55.00 plus GST ($61.87 incl. GST) when purchased with the 
Agrichemical manual. 

Subscribers of the Agrichemical manual receive a twelve month subscription to the 
website www.agrichemical.co.nz. Those companies and individuals who prefer to 
subscribe to the website only can do so for NZ$55.00 plus GST per annum.  

Subscribers can elect to receive email alerts when new products are listed or 
existing products are updated. The website also includes the latest news and 
information from the agrichemical industry.  

Contents: 

· Full listings of all agrichemicals used commercially in New Zealand  

· Cross references from pest problems to solutions  

· Spray compatibility information and tables  

· Cross references from trade names to active ingredients and vice-versa  

· Colour ID photos of major weeds, pests and diseases  

· Organic growing  



· Integrated Pest Management  

· Broadacre and orchard rig calibration  

· Storage, transport and disposal  

· Resistance prevention and control  

· Bird control  

· Use in built-up areas  

· Safety, first aid  

· Application advice and equipment directory  

Contact: AgriMedia Ltd., P.O.Box 37-151, Christchurch 
ph: 03 329 6598               iagrichem@agrimedia.co.nz 

 

Reducing the Impacts of Agricultural Runoff on Water Quality: A 

Discussion of Policy Approaches, June 1997. A report for the Ministry for the 

Environment as part of the Sustainable Land Management Programme. Ref: 

ME237. Available on-line www.mfe.govt.nz. 

The report is aimed at local authorities. Agricultural runoff is difficult to measure 
and control. Unlike point source discharges (those discharging through a single 
point, such as a stormwater or effluent pipe), non-point source discharges 
(pollution from wide areas such as runoff from pastures or hillsides) are relatively 
complex systems to measure and control. Most agricultural sources of 
contamination are from non-point discharges. 

While regulatory methods such as water quality standards and discharge permits 
commonly have been used to manage point source pollution, these techniques are 
generally impracticable for managing non-point source pollution. Therefore, 
changes are required in the ways in which thousands of individual farmers manage 
their land without relying solely on regulatory methods The paper does not 
recommend that any method be either categorically rejected or adopted. Each 
local authority should consider the costs and benefits of adopting any particular 
method in the context of the circumstances and environment of their region or 
district. To make this evaluation process easier, the paper proposes a process 
which councils can use to identify and implement the most suitable methods to 
improve water quality in their jurisdiction. 

 

Regional Action Plan for the Wellington Region: Dairying and Clean 

Streams Accord. Greater Wellington Regional Council, July 2004. Outlines the 
performance targets for management of dairy shed effluent. 



 3.   Stormwater   
Stormwater is generally considered to be the portion of rainfall that is not 

absorbed by the land and which runs over the land surface, picking up 

contaminants, and which is then routed into drainage systems. Until recently it 

was standard practice in New Zealand to release stormwater into waterways. In 

urban and suburban environments in particular, stormwater contains contaminants 

which degrade water quality and can be toxic to aquatic life. Many of the effects 

are, in themselves, small, but over a whole catchment their cumulative effect can 

be substantial. 

If stormwater is discharged into calm environments such as Wellington Harbour or 

Pauatahanui Inlet, the dirt carried in stormwater builds up and can smother sandy 

sea-bed habitat. Heavy metals will accumulate. 

There is a wider acceptance now of innovative techniques to treat stormwater 

before it is released, either into waterways or ground water.  

 

POTENTIAL EFFECT  MITIGATION 

Creation of impervious surfaces, soil 

compaction and removal of vegetation 

reduces rainwater infiltration and 

therefore reduces the amount of water 

feeding groundwater and stream base 

flows. 

Increase of impervious surfaces 

increases the quantity and rate at which 

water discharges into waterways. 

Unmanaged stormwater flows may 

increase flooding of waterways during 

rain events, and increase erosion of 

stream banks. 

Surface water collects contaminants. 

Many of these attach to particles which 

may accumulate in aquatic systems, thus 

effecting water quality and aquatic biota 

over a long tim 

Use management and design to 

reduce the quantity of stormwater. 

Reduce the peak discharges. Keep in 

mind that the first 25mm of storm 

rainfall will collect 80% of the 

pollutants. 

Use management and design to 

prevent contamination of stormwater. 

Treat stormwater that has already 

become contaminated. 

 

CONTROL 

Reduce quantity of stormwater 

 reduce impervious surfaces (incorporate cobbles and grass swales into site 

design; minimise road widths; minimise parking) 

 retard the flow of stormwater using detention ponds, wetlands etc. 

 maximise vegetated areas to maintain long-term infiltration 



Prevent contamination 

 separate contaminants from stormwater (bunds, spill traps etc.) 

 shelter ‘dirty’ areas from the rain 

 replace sources of contaminants with environmental friendlier materials 

(replace zinc roofing material, reduce vehicle emissions) 

 minimise earthworks during construction and apply sedimentation trapping 

techniques (refer section 4) 

TREATMENT OF CONTAMINATED STORMWATER 

Stormwater contaminants generally fall into three categories; sediment, nutrients 

(phosphorus and nitrogen) and toxicants (including metals and organics). 

Treatment of stormwater is difficult as contaminants may combine with fine 

particles that do not readily settle. A combination of methods is required that 

includes sedimentation (settling), decomposition, adsorption and filtration. In 

addition UV treatment may be required. Treatment devices must be maintained 

long term to be effective. 

Treatment processes 

Sedimentation (detention ponds and wet ponds) 

 improves with length of detention time 

 requires large surface area, and low turbulence 

 may not be as effective during heavy rain events 

 fine particles may require flocculating agents 

 ponds must have vehicular access for periodic sediment removal  

 

Flocculation and coagulation 

 required where sediment is too fine to settle - polyelectrolytes, inorganic 

salts and aluminium coagulants are commonly used for industrial processes 

such as dewatering sludges, or to treat suspended solids during earthworks 

 the benefit of reduced sediment levels in discharges is considered to 

outweigh the risk of (low level) impacts of residual flocculants 

 

Decomposition (wetlands) 

 aerobic and anaerobic organisms can break down nutrients and organic 

compounds. Aerobic organisms may take up contaminants, die, and fall to 

the bottom of a wetland where anaerobic organisms may further oxidise the 

compounds. 

 anaerobic microorganisms can denitrify contaminants, so wetlands are 

particularly useful where stormwater is nitrate-enriched 

 

Adsorption and filtration 



 generally only effective for small catchment areas - limited hydrological 

benefit 

 adsorption is the accumulation of dissolved substances on the surface of 

plants or of filters. Plants that adsorb contaminants may also release them 

again when they die. 

 filtration may be coarse (such as sieving particles through sand or settling 

them through rocks) or involve electrostatic bonding 

Treatment structures & devices 

Detention ponds are usually dry (accepting water intermittently) and slow the 

release of water into the stormwater system during heavy rain events. They only 

offer sedimentation treatment, and need to be engineered to give silt time to 

settle even during big events. 

Infiltration practices include soak pits, trenches or porous block pavements 

where water is collected and held for dispersal into ground water. They assist with 

ground water recharge but offer minimal treatment. 

Rain gardens (particularly useful in car parks) combine infiltration and filtration. 

Water is directed into a hollow where some can soak into the ground and some 

can filter through an organic medium into a stormwater drainage system. The 

longer the retention time, the better the water treatment, Careful engineering of 

inputs, gradients and organic medium can optimise efficiency.  

Biofiltration and vegetative filters, (typically swales in car park receiving non-

point source flows) use plants to trap sediment and to retard flow. They allow 

recharge of ground-water. 

Roof meadows act primarily to retard flows during peak events and, if internal 

flows are slow, to provide a limited amount of adsorption of contaminants. 

Artificially created wetlands are an emerging technology that attempts to 

simulate the processes that occur in natural wetlands.  Open-water wetlands with 

a slow flow through, which are fringed with wetland vegetation, offer 

sedimentation, adsorption and decomposition treatment. They are a versatile and 

low cost alternative to high tech treatment options. Wetlands created within 

riparian zones where shallow ground water discharges into the waterway can 

significantly reduce the nutrient loads entering the waterway. It is important to 

specify the contaminants that an urban stormwater treatment wetland is designed 

to treat, as effective treatment of different contaminants can require markedly 

different detention times within the treatment wetland (sediments need the 

shortest time, phosphorus requires a long time). 

SUBDIVISION DESIGN 

Planning should take into account the need to: 

 research how changing the runoff and drainage will effect overall hydrology. 

What effect will development have on groundwater? on evapotranspiration? 

on stream flows? What might the downstream cumulative effects be? 

 combine a range of tools to manage stormwater quantity and quality across 

the site 



 utilise natural  landforms and drainage patterns where possible to minimise 

the need for major structural treatments that alter the natural water cycles 

Stormwater discharged to rivers, lakes and artificial watercourses is controlled in 

the Regional Freshwater Plan. Stormwater discharged to land (into stormwater 

drains) is controlled in the Regional Plan for Discharges to Land.  

 

Rule 2 of the Regional Freshwater Plan permits stormwater discharges to surface 
water provided the discharge complies with conditions stated in the rule. Rule 3 

requires a discharge permit for stormwater discharges that do not comply with 

conditions (1) or (2) of Rule 2. This is a controlled activity provided the 

discharge complies with the standards and terms stated in the rule. Rule 5 

requires a discharge permit for stormwater discharges that are not allowed by Rule 

2, or do not meet the standards of Rule 3. This is a discretionary activity. 

Discharge of stormwater from landfills to water is a controlled activity provided the 

discharge complies with the standards and terms stated in Rule 3. However, if the 

stormwater does not contain drainage from an area where hazardous substances 

are stored or used, or there is an interceptor in place to collect hazardous 

contaminants or divert contaminated stormwater to a trade waste system, this is a 

permitted activity in accordance with Rule 2. 

GENERAL REFERENCES 

Overview of the Effects of Residual Flocculants on Aquatic Receiving 

Environments. Prepared for Auckland Regional Council by Boffa Miskell, July 

2002. 

Stormwater Treatment Devices: Design Manual. Auckland Regional Council 

Technical Publication #10. Also available online. A comprehensive manual covering 
concept and design of swales, wetlands, filtration and infiltration systems, green 
roofs, tanks, ponds. Includes promotion of innovative solutions.  

Subdivision for People and the Environment: New Zealand Handbook. 

Standards New Zealand HB44:2001. 181pp. 

The handbook is not a New Zealand Standard, but provides best practice 
guidelines for alternative design and used technologies in land development and 
subdivision in New Zealand. It recognises the growing interest in sustainable land 
development and aims to fill the current void in guiding documentation associated 
with alternative designs based on environmental and social responsiveness. 

The chapter on stormwater treatment and use outlines principles that subdivision 
design should take account of and offers a case study (Regents Park, 
Christchurch). 

Available from Standards New Zealand, Private Bag 2439, Wellington or 

www.snz.co.nz. 



 4. Sedimentation 

Erosion is the wearing away of the land surface and sedimentation is the settling 

of sediment out of the water column as a result of sediment entering waterways. 

The erosion which produces the sediment is influenced by climate, soil 

characteristics, topography and ground cover. Any mechanical earthworks or 

activities which aggravate these factors can result in unsatisfactory levels of 

sediment being discharged into waterways. Such activities may include: 

 Farm activities involving removal of vegetation; grazing along waterways 

 Forest harvest 

 Earthworks, roading and track cutting 

 Mining and quarrying 

 De-silting dams 

If we assume an average annual soil loss on New Zealand farm and forest land of six tonnes per hectare then we 

are losing one 10-tonne truck full of topsoil every three seconds. This is six times higher than the average rate of 

soil formation. Generally on farms the most important sources of sediment entering waterways are as a result of 

accelerated erosion. 

 
 

POTENTIAL EFFECT MITIGATION 

Increase of turbidity of stream 

(decrease clarity) 

Water temperatures maybe changed 

by increased turbidity 

Sediment clogs stream beds and 

downstream receiving environments 

such as estuaries and lakes resulting in 

loss of biodiversity,  habitat damage 

and food sources destroyed  

Pollutants such as phosphates borne in 

sediment may accumulate 

Pastoral stream sediments are 

contaminated by livestock faeces. In a 

flood, turbidity remixes sediment into 

the water, contaminating waterbodies 

downstream  

 

Reduce susceptibility to erosion 

Control sediment-laden runoff 

Treat runoff to remove sediment 

content 

 

 

 



RESOURCE CONSENTS  

The rules for activities involving earthworks vary between district councils, so 

CHECK FIRST whether a resource consent is required. Greater Wellington Regional 

Council will require resource consent applications for activities that might cause 

siltation and erosion. The following table indicates what the guiding documents are 

for specific activities.  

Consent applications should be accompanied by an Erosion and Sediment 

Control Plan. 

 

Activity District Plan    Regional Soil Plan     Regional Freshwater 

Plan 

subdivision    

building consent     

roading, tracking    

cleanfill    

landfill    

vegetation 

disturbance 

   

discharge: silt 

stormwater 

   

Erosion and Sediment Control Plan 

Earthworks consent applications should be accompanied by a plan which shows 

the intentions for: 

(i) minimising disturbance - identify the limits of disturbance on a map as well as 
on site 

(2) staged construction - detail the staging and sequencing to show that soil 
exposure, stockpiling and revegetation programming has been considered 

(3) protecting steep slopes - indicate limits of disturbance and any works and 
areas requiring special protection 

(4) protection of waterbodies - map all waterbodies and indicate protection 
practices and associated construction methods 

(5) stabilising exposed areas rapidly - define time limits for mulching and ground 
cover both temporary and permanent 

6) installation of perimeter controls - how runoff will be kept away from the 
worked area as well as management of runoff within the site 

(7) detention devices - specifications for sediment retention structures and their 
maintenance / inspection schedules 

 



SOIL TYPES 

There is a wide diversity of soil parent materials across the Wellington Regions; 

mostly greywacke and argillite, in places weathered in situ to clays, along with 

calcareous sandstone and mudstone. Many of the lowland hills are mantled with 

wind-derived loess (up to 7 metres thick in places). In places these substrates may 

have additional ash or peat components.  

Soils with a high silt and clay content can make stability of cut batters doubtful 

and cause difficulties with heavy machinery on site. Erodability of an exposed soil 

may be aggravated by the presence of dispersible clays within the weathered 

parent material, or if the soil contains a high percentage of deflocculant ions. 

These clay sediments, once dispersed into stormwater, prove difficult to settle out 

in sediment retention ponds. It is imperative, therefore, to minimise erosion and 

sedimentation with site management techniques. 

Note that the potential sediment yield from earthworks is greater than the content 

of the soil or parent material might suggest: the crushing and ripping of 

weathered greywacke will create additional fines.  

SEASONAL PARAMETERS 

Erosion and sedimentation management will need to take into account 

Wellington’s climate. Planting and seeding techniques in particular are constrained 

by climate. Timing of major earthworks should be timed to optimise the success of 

pre-earthworks erosion control measures and subsequent sedimentation control 

measures. 

 

 

FARM ACTIVITIES 

 
POTENTIAL EFFECT 
 

 
MITIGATION 

Wind drift and runoff of fine sediments 

from tilled paddocks into waterways may 

smother freshwater habitat where it 

settles in calm waterways 

Tillage or overstocking of erosion-prone 

land increases risk of soil loss 

Grazing of riparian zones can increase 

Good practice for fertiliser application 

is outlined in the Code of Practice 

for Fertiliser Use, Fert Research 

1998 

Apply long-term erosion control and 

sediment control techniques such as 

riparian planting, hillside stabilisation 



risk of bank erosion and remove runoff-

filtering vegetation  

A by-product of sedimentation of farm 

streams is that phosphate may enter 

waterways via runoff especially where 

superphosphate rather than reactivated 

phosphate rock is used as a fertiliser. 

Phosphate attaches itself to soil particles 

which may then be transported into 

waterways. In due course the particles 

sink and over time they release the 

phosphate. 

Apply short term sediment control 

techniques such as silt fencing where 

feasible for intermittent activities 

Manage farm practice to prevent 

reduction of soil permeability through 

pans or pugging; cultivate across 

contours rather than up/down slopes 

Fence off riparian zones from stock   

 

FOREST HARVEST  

 
POTENTIAL EFFECT  
 

 
MITIGATION 

Runoff from roads and clear-cut 

areas enters waterways, smothering 

habitat, causing physical harm to 

biota and increasing flooding 

problems further downstream 

Soil disturbance leading to slips 

Stream bank erosion 

 

Leave a buffer of vegetation along 

stream banks 

Run roads along hill ridges rather 

than across the middle of slopes 

Store excavated fill where it won’t 

wash out 

Deflect road runoff onto stable land, 

not streams 

Undertake major earthworks during 

driest time of year 

Oversow exposed soils with grass 

immediately 

Avoid using tractor wheels on steeper 

ground (utilise cable systems to haul 

logs instead) 

 
 

Suspended sediment levels are generally two to five times higher in streams draining pasture catchments than those 
draining native forests. Deforestation has the greatest impact of all, and can increase sediment loads a hundredfold. 

 

Soil disturbance and vegetation clearance are controlled in the Regional Soil 

Plan. Regional rules about vegetation disturbance apply only to steep, erosion 

prone land. The terms vegetation disturbance, soil disturbance, and erosion 

prone land are all defined in the Regional Soil Plan. Territorial authorities may 

have rules in their district plans restricting vegetation clearance on land that is not 

erosion prone. 

 

 



 

EARTHWORKS 

 
POTENTIAL EFFECT  

 
MITIGATION 
 

Runoff from earthworks 

Direct input of spill into waterways 

Temporary damming or diversion of 

waterways 

 

Application of earthwork mitigation 

techniques 

 

Regional Soil Plan: 

Rule 1 requires a land use consent for soil disturbance associated with formation 

or upgrade of roads and tracks, including skid sites and access ways. The rule only 

applies if the activity exceeds particular thresholds related to batter height and 

length of road stated in the rule. If the activity does not exceed those thresholds, 

no land use consent is required from the Regional Council, although a land use 

consent may be required from the relevant territorial authority. This is a 

restricted discretionary activity.  

Rule 2 requires a land use consent for soil disturbance on erosion prone land, 

other than soil disturbance associated with roading and tracking activities, and 

other than soil disturbance already authorised by a subdivision consent. The rule 

only applies if the activity exceeds particular thresholds stated in the rule. If the 

activity does not exceed those thresholds, no land use consent is required from 

the Regional Council, although a land use consent may be required from the 

relevant territorial authority. This is a restricted discretionary activity 

QUARRIES 

 
POTENTIAL EFFECT 
 

 
MITIGATION 

During rain, heavy vehicle movements 

on metal roads can generate 

substantial amounts of sediment that 

can migrate towards waterways and 

other drainage systems within the 

quarry 

Runoff from bare areas will collect 

sediment and become contaminated 

Overburden removal and disposal sites 

can be a major source of erosion and 

sediment discharge 

 

Manage roads and traffic for sediment 

control. Where possible, incorporate 

road access into the Quarry 

Management Plan making sure all 

control measures are put in place to 

protect receiving environments 

Divert clean water flow away from 

working and bare areas to prevent it 

becoming contaminated by sediment 

Contain and treat contaminated runoff, 

which may include runoff from 

aggregate wash processes, in an 

appropriate manner before discharging 

to natural waterbodies 



Review stability of overburden sites 

and ensure ongoing provision is made 

for removal of material trapped in 

overburden silt retention ponds 

Position stockpiles well away from 

natural drainage and waterbodies 

Provide riparian vegetation protection 

and plan for site rehabilitation by 

creating suitable plant habitat and 

contours for plant establishment 

 
Quarries tend to have large areas which are left open for long periods of time and 

these can be exposed to erosion (wind action and rain). Quarries are also places of 

continuous machinery operation where the conditions (placement of rock and 

gravel) within the quarry can change on a daily basis. For these reasons it is 

important that quarries are well managed to minimise the movement of sediment 

into waterways. For many quarry operations a Quarry Management Plan is 

produced, setting out the operational functions of a quarry. One of the important 

functions this plan should cover is the management of the quarry to minimise 

erosion and sedimentation.  

GENERAL REFERENCES 

Code of Practice for Fertiliser Use, Fert Research 1998 (updated 2002). The 
New Zealand Fertiliser Manufacturers’ Research Association publication includes 
Fertiliser Practice reference manual, User guides, fact sheets and Addenda which 
includes the latest advice for particular fertiliser choices and their environmental 
impacts.  

 

Erosion and Sediment Control. Guidelines for the Wellington Regions. 

Greater Wellington Regional Council September 2002. 112pp. 

Covers Wellington’s soil characteristics, when resource consents are required 
and discusses types of erosion that generate sediment in waterways. Identifies the 
key principles of erosion and sediment control and illustrates a wide range of 
erosion control measures for large scale earthworks including structured 
drains, dams, channels as well as ground cover and revegetation techniques. 
Sediment control measures are discussed, including silt fences, retention pond 
and decanting designs. Specific issues relating to quarries and forestry 
operations are discussed in detail.  

 

Managing Waterways on Farms: A guide to sustainable water and 

riparian management in rural New Zealand.  Ministry for the Environment, 

July 2001. Ref. ME385. Also available online. 

A comprehensive manual providing an overview of riparian function, maori 
perspective, impacts of agriculture and forestry practices on waterways, ways of 
managing the problems and advice on how to restore riparian vegetation. 
Identifies causes of sedimentation related to farming and forestry practices. 



Sixteen case studies are used to illustrate a range of different riparian 
environments, their problems and solutions. 

 

PO92 New Zealand Forest Code of Practice (0021). Available from Forest 

Research, Rotorua for $88.  

 

Regional Freshwater Plan for the Wellington Region. Greater Wellington 

Regional Council, December 1999. Sets out when a discharge permit is required 
for silted stormwater. 

 

Regional Soil Plan for the Wellington Region. Greater Wellington Regional 

Council, October 2000. Sets out when a land-use consent for soil disturbance is 
required, in particular for erosion-prone land, for roading and tracking and for 
vegetation disturbance. 

 

Soil Conservation Technical Handbook. MFE, 2001. Ref. ME440. Part A 
outlines the forms of erosion in New Zealand. Part B offers technical advice about 
control methods. 

 

 

 

 

 

 



 5. Structures 

Although structures in waterways have the ability to alter the character of a 

stream, perhaps by slowing flow or by increasing flow velocity, or by accumulating 

silts and debris, the most detrimental impact on catchment health is likely to 

involve restriction of fish passage.  

Of the 35 or so species of native freshwater fish, 18 migrate between fresh and 

salt water as a critical part of their life cycle.  There are a number of ways in which 

structures in waterways may prevent fish passage:  

POTENTIAL EFFECT  MITIGATION 

Structures (weirs, culverts, pipes, 

fords and dams) may obstruct fish 

passage 

Sheer drops greater than 200mm will 

prevent adult inanga travelling 

upstream 

Sheer drops greater than 50mm will 

prevent inanga (whitebait) travelling 

upstream 

Potential for wet concrete to enter 

watercourse during construction  

Provide alternative routes for fish, or 

provide fish passes 

Build bridges in preference to culverts or 

fords 

Ensure normal flow through culverts and 

pipes (base of culvert below natural 

streambed; cobbles to break flow 

velocity as required; no sheer drops) 

Use tarpaulins under structures to 

prevent cement entering watercourse or 

divert watercourse temporarily 

 

Culverts, weirs and dams will probably require resource consent from Greater 

Wellington Regional Council. The structure will need to consider and provide for 

fish passage. 

The Department of Conservation administers the Freshwater Fisheries Regulations 

(1983). Permission must be sought from the Department for any structure that 

might provide or block fish passage. Wellington Conservancy has an agreement 

with Greater Wellington that it will be considered as an ‘affected party’ for any 

consent application that would block fish passage and therefore does not require a 

separate application under the Fisheries Regulations. 

WHAT WATERWAYS WILL HAVE AQUATIC LIFE? 

Native fish recorded from streams in the Wellington Region include lamprey; 

longfin and shortfin eel; smelt; kokopu (giant, short-jawed and banded); koaro; 

inanga; mullet; torrentfish; bullies (blue-gilled, common, giant, redfin, upland and 

Crans); lamprey; brown mudfish. Where they are found relates to habitat rather 

than water volume: even a very small creek may provide ideal habitat for a 

number of fish species.  



Adult fish prefer running water, although most native fish tend to rest and feed in 

the slowly moving water along the edges of streams and rivers. Most find it 

difficult to progress against a flow greater than 0.3m/s. Many of our fish species 

migrate seasonally along waterways, so it can be assumed that even sections of 

streams which offer poor fish habitat may contain adult or juvenile fish at different 

times of the year.  

As most of our native fish species are nocturnal, it is likely that even very small 

streams contain more fish than most people realise. Other common stream wildlife 

includes koura, shrimps, freshwater mussels, snails and insect larvae. 

Most adult native fish do not themselves migrate, but they spawn upstream, and 

their juveniles are flushed downstream and out to sea. They will spend up to six 

months at sea before returning to freshwater, making their way slowly back 

upstream.  

Exceptions to this pattern are smelt and lamprey, which die after spawning, and 

the juveniles live at sea until they are ready to spawn. Eels go to sea as adults to 

spawn (late in life) and their juveniles return to freshwater. Inanga don’t go to sea 

at all, but the adults move down into estuarine areas to spawn. 

So much of the migration downstream in autumn and winter (in the diagram 

below) is of very tiny juvenile fish or old eels heading out to sea, or inanga moving 

downstream to spawning grounds. It is during the spring and summer migration of 

young fish returning to freshwater that it is most critical that streams are free of 

sediment and allow fish passage. 

 

 



FISH PASSAGE REQUIREMENTS 

Fish passes 

Structures or bypass channels designed specifically to provide fish passage are 

recommended for large weirs and dams. Fish passes are technically complex - 

seek professional assistance with their design. General requirements are: 

 Fish pass entrance must be located where fish can find it 

 Fish must perceive the attraction flow into the fish pass 

 Regular maintenance is needed to remove trapped debris 

 Fish pass should be accessible to fish under a wide range of flows 

 Fish pass must be operable at all seasons 

 Velocities in fish pass should cater for weakest swimmers 

 The fish pass floor or bed should include coarse substrate to reduce flow 

velocity 

  

By-pass channels can be created which recreate a natural streambed situation. 

Ideally they would include: 

 Streamside planting to provide shade (to prevent weed build-up and for fish 

habitat) 

 A low flow channel as well as a flood channel 

 Riffles to create slow pools (at spacings 6 times channel width) 

 Meanders (spaced at 12 times the channel width) 

 

 

Fish-passage through culverts and pipes 

Culverts that are short (e.g. under roads) will not obstruct fish pasage if well 

designed. The guidelines for installing new culverts are: 

 Choose sites with a minimum of streambed slope 

 Culvert width should be as wide or greater than the streambed 

 Culvert slope should conform with the natural streambed slope 



 Culvert alignment should conform with the natural stream channel 

 Embed the culvert below the normal streambed 

 Allow natural streambed material to settle throughout the culvert length 

 Armour the inlet and outlet with rock or other suitable material 

 Ensure maintenance and monitoring. 

Auckland Regional Council recognise different styles of culvert: 

No stream slope Stream simulation 

Relatively short culverts in low gradient 

streams. The culvert is the same width as 

the channel and the culvert invert is below 

the natural streambed. 

 

 

Creates flows inside culvert that 

simulate natural flows both 

upstream and downstream of the 

structure. Used on moderate 

gradients and generally uses 

structures at each end to control 

inlet and outlet flows. 

Hydraulic design 

Targets the needs of particular fish species. 

Requires accurate calculations to provide 

resting areas, to reduce water velocities 

and provide for low flow situations. 

 

Climber design 

Where it is believed only climbing 

species are found anyway (such as 

higher altitude inland streams).  

Provides a moist margin and 

climbing media within culvert if 

required. 

 

Retrofitting techniques are discussed in Auckland Regional Council’s Fish Passage 

Guidelines.3 

Fish-passage past weirs 

Weirs should only be considered when there are no alternatives, and should 

contain fish passes. Water velocities should be low at both the entrance and exit 

points of a fish pass. The streambed must be stabilised to avoid floods altering the 

relative water levels.  

Fish-pass devices can be a problem for flow measurement weirs as they can 

make the weir less accurate. NIWA1 has trialled a fish-pass which both overcomes 

these problems and is flood-resilient. The crucial components are: a riprap 

streambed created downstream to stabilise the bed; a wooden ramp at 5 degrees 

slope downstream of weir with baffles breaking flow into three channels; artificial 



cobbles in two of the three channels to slow flow to less than 0.3 m/s (the faster, 

middle channel guides fish to the outer two channels). 

An alternative to steep concrete weirs up to 1.5m high are rock ramps.2  They 

should have a confined channel at the top which creates flows that fan out across 

the rocks. There should be one clear channel of water that meanders through the 

zig-zag stairway of rocks at low stream flows. 

 

GENERAL REFERENCES 

Culvert and Bridge Construction: Guidelines for Farmers. MFE, 2004. Ref. 

ME549. Also available on-line.  

This practical guide includes charts for matching culvert sizes to rainfall and 
catchment. Guidelines provide dairy farmers considering constructing a culvert or 
bridge with information and design details to simplify the process for gaining 
resource consent and ensure that a suitable standard of bridge/culvert is 
constructed. They have been developed as part of the Clean Streams Accord 
signed by the Ministry and Fonterra in 2003.  

 

Fish passage past weirs.1 NIWA. Contact Eddie Bowman, David Rowe 

 

Fish-friendly culverts and rock ramps in small streams.2 Greater Wellington 

Regional Council 2003. A4 pamphlet with design tips for reducing water speed, 
preventing erosion, designing low-slope and moderate-slope culverts and rock 
ramps. 

 

Fish Passage Guidelines for the Auckland Region.3 Auckland Regional 

Council Technical Publication 131, 2000. Contains examples of a range of stream 
obstructions then assesses the problem and suggests ‘retrofit’ solutions and ‘at 
construction’ solutions. Describes the attributes of a well-constructed bypass 
channel. 

 

Rights of Passage - Removing the barriers for our freshwater fish. 

Taranaki Regional Council 

 

 

 

 

 

 

 



 6. Channel modification 

Modification of natural water channels is undesirable but sometimes necessary for 

gravel extraction works, construction of floodbanks, diversion of streams, infilling 

of gullies for landfills or cleanfills, or channelling for flood and drainage control. 

Because channel modifications often result in loss or degradation of in situ habitat 

and detrimental downstream impacts such as increased water velocity, decreased 

stability and increased erosion potential, careful timing of works, provision of 

alternative habitat and creative use of alternative materials are required to 

mitigate or avoid these adverse effects.  

 

POTENTIAL EFFECT   MITIGATION 

Prevention of fish passage, by 

increasing water velocity, removing 

sheltering riparian vegetation 

Increased water velocity causing 

downstream bank erosion, and siltation 

or sand deposition into wetlands and 

lakes  

Destruction of bird roosting and 

nesting habitat and aquatic habitat 

Risk of pollutants from heavy 

machinery 

Loss of diversity of aquatic habitats 

and physical harm to aquatic life 

Retain undeveloped berm areas which 

allow the watercourse to meander and 

plant shade trees to provide shelter for 

aquatic life 

Use groynes and gabions in preference 

to concrete channelling 

Time work to avoid peak fish migration 

and bird nesting seasons 

Take care to refuel machinery away 

from the watercourse 

If necessary, include an alternative 

small low flow channel for aquatic life 

Velocity can be slowed in concrete 

channelling (used only as last resort) 

by adding blocks to break flow and 

create resting areas for fish 

 

GENERAL PRINCIPLES 

Different fish occupy different niches within watercourses: some use fast-running 

areas, others occupy still pools under overhanging banks. Retaining the variety of 

habitats is the key to sustaining aquatic life. If modifications to a waterway result 

in an increase of the velocity of the flow to over 1/3 cu m/sec, this can prevent the 

normal movement of fish along the waterway. The problem is exacerbated if the 

modification also removes any pockets of slower water where fish might shelter. 

Modifications might also provide a physical barrier to fish movement. To protect 

fish life several approaches can be taken: 



 use soft techniques to control watercourses (riparian planting, retiring of 

steep catchments etc) in  preference to hard techniques (concrete, riprap, 

groynes etc) 

 where hard techniques are necessary, limit these to ‘pressure points’ and 

balance with soft techniques in between 

 reduce the velocity of water 

 provide sheltering areas 

 provide access for fish over structures 

 maintain alternative habitat where possible 

 use native species in preference to willows for riparian planting 

 

 

 

 

 



 

 

 

The Department of Conservation advocates holistic ‘whole of watercourse’ long-

term protection plans (as a condition of consent) rather than just short-term 

consents for immediate ad-hoc protection works. This can benefit landowners as a 

plan can incorporate provision for some hard protection for future flooding or 

erosion events as well as long-term ‘soft’ restoration. A planting and fencing 

programme spread out over the term of the consent can be used as mitigation for 

the adverse effects of the hard protection work. 

GRAVEL EXTRACTION 

POTENTIAL EFFECT  MITIGATION 

Lowering the bed of the river 

Dust from activities settling on vegetation 

and waterways, muddying the water and 

potentially downstream estuaries 

Disturbance of river birdlife, including 

nesting waders 

Introduction of weeds (by machinery and 

disturbance) into riparian habitats 

Habitat destruction (such as spawning 

grounds, koura habitat) 

 

Extract from already dewatered 

areas 

Stagger extraction to optimise 

recovery 

Do not stockpile extracted gravels 

within the floodplain 

Restrict access to the river to 

protect the riparian zone from 

damage 

Consult with Department of 

Conservation, Fish & Game and 

local iwi to determine whether the 

site has particularly high natural 

values, and whether extraction 

should be seasonal only 

 

 



From time to time regional authorities will manage the selective removal of surplus 

gravel, to both maintain optimum flood capacity without worsening bank erosion, 

and to correct misalignments and ease the flow pressure against eroding banks. 

Regional Freshwater Plan:  

Rule 38 permits the extraction of up to 15 cubic metres of gravel per year from 

any river bed, provided the extraction complies with conditions specified in the 

rule. Up to fifty cubic metres may be extracted if the person taking the gravel 

owns the river bed. Rule 49 of the Regional Freshwater Plan requires a land-use 

consent for any extraction of gravel from a river or lake bed if the extraction is not 

permitted by Rule 38. This is a discretionary activity. Discharges to air 

associated with gravel and shingle extraction inside the bed of a river are not 

restricted under the Regional Air Quality Management Plan. Any effects on air 

quality associated with these extractions are controlled in the Regional Freshwater 

Plan. 

FLOODBANKS 

POTENTIAL EFFECT  MITIGATION 

Potential loss of stream bank habitat 

and sheltering vegetation (and 

therefore food source) for fish life 

and koura 

Resulting increase in velocity may 

become a barrier to fish passage 

Plant shade trees along flood bank 

Retain undeveloped berm areas to 

allow the watercourse to meander 

 

 

Transitional Regional Plan:  

RP 26 requires a land use consent to erect, construct, alter, add to, or demolish a 

stopbank in the catchments of the Waikanae River, Mangaone Stream, Otaki  

River, Waitohu Stream, and Whareroa Stream. This is a discretionary activity. The 

same applies to driving vehicles or stock (except on a stopbank crossing).  

In other western areas of the Wellington Region RP 24 requires a land use consent 

for erecting, altering or removing any stopbank. This is a discretionary activity. A 

land use consent is required for driving vehicles and riding horses on stopbanks 

owned by the Regional Council in these areas. This is a discretionary activity. 

RP 25 requires a land use consent to drive vehicles or allow livestock onto any 

stopbank in the eastern areas of the Wellington Region. This is a discretionary 

activity. 

STREAM DIVERSION 

Best practise is not to diverts streams, but temporary diversion may be required 

for some developments. 

POTENTIAL EFFECT  MITIGATION 

Potential loss of streambank and food Divert water at high flow seasons, and 



sources for fishlife and koura 

Increased turbidity and sedimentation 

during works 

If there is insufficient water remaining, 

temperature rise as well as water loss 

will impede fish passage 

Fish stranding is possible 

 

at certain times of day only 

Recreate as near to natural streambed 

conditions as possible  

Liaise with DOC, Fish and Game and 

Regional Council staff with respect to 

timing of work to avoid peak fish 

migration periods (refer also Section 5) 

Liaise with Fish and Game and DOC 

regarding fish capture and relocation 

for duration of works 

DRAINS 

Drains are both natural and artificial channels and water control structures 

managed for water drainage purposes on farmland. They are, inevitably, linked to 

larger freshwater systems and generally can provide habitat for flora and fauna. 

As drains are multi-functional (an engineering solution as well as potentially of 

ecological value), current best-practice seeks to find a compromise between these 

often opposing perspectives. 

Wellington Regional Council manages only 155km of drains (compared to 

Southland’s 1285km)1 Drains maintained privately will boost that figure. 

Maintenance needs are high because farm runoff is usually rich in farm chemicals, 

nutrients and sediment which, combined with high light levels, encourages weed 

growth. Excessive bank erosion or stock trampling can reduce the capacity of the 

drain. 

GENERAL REFERENCES 

Drainage management in New Zealand: A review of existing activities 

and alternative management practices. Department of Conservation, Science 

for Conservation 235, 2004. 

 

 

 



 7. Pest fish and plants 

PEST FISH 

New Zealand has 35 or so species of native fish in its freshwater catchments. We 

also have a large number of introduced fish. Trout and salmon are considered 

sport fish, and so are perch, trench and rudd in northern regions, but others are 

considered to be pest species. None of our native fish eat aquatic plants so, having 

evolved without that pressure, our plants are very vulnerable to introduced fish 

like rudd that mostly eat plants and can rapidly build up large populations.   

Pest fish cause a range of problems:  

 Stirring up sediment and making the water murky  

 Increasing nutrient levels and algal concentrations  

 Contributing to erosion  

 Feeding on and removing aquatic plants  

 Preying on invertebrates, native fish and their eggs  

 Competing with native species for food and space 

Once pest fish become established in a waterway it is often difficult to remove 

them. 

SOME INTRODUCED FISH ISSUES  

Trout 

Gambusia / Mosquito fish* 

 

 

Catfish 

 

Rudd*, grass carp, koi carp* 

 

 

 

 

Aquarium fish (goldfish etc) 

 

Prey directly on native fish and insects 

Attack threatened native fish (mudfish 

and dwarf inanga), nibbling their fins 

and eyes 

Eat koura (freshwater crayfish) which 

play important ecological roles in lakes 

and streams. Sold in markets 

Remove aquatic plants; also have 

indirect effects on native insects and 

fish by removing the plants that are an 

important part of their habitats. Sold in 

markets. Good feng-shui to release 

gold fish into the wild. 

 

Often liberated from aquaria 

 

 

* Listed as pests under various legislation 



Recommended advice 

 Don’t move fish around or release them  

 Ensure residential ponds or waterways are isolated from natural ones (even 

in floods) 

 Dispose of unwanted fish in a compost pile 

 Screen inlets and outlets of residential ponds to prevent fish movement from 

the pond 

 Don’t keep any pest species without authorisation.  

 Don’t collect aquatic plants from the wild or from friends as fish (and fish 

eggs) can catch a ride.  

 Wash boats and trailers down carefully after use to prevent pest fish or their 

eggs from hitching a ride.  

 If you know of people who are spreading these fish around contact your 

local DOC office.  

Legislation 

Unwanted Organisms, Biosecurity Act 1993 

Koi carp 

Gambusia 

Noxious species, Freshwater Fisheries Regulations 1983 

Koi carp 

Rudd 

Restricted Fish, Conservation Act 1987 

Grass carp 

Silver carp 

Sports Fish, Freshwater Fisheries Regulations 1983 

Brown trout, rainbow trout, American brook char, lake trout, Atlantic salmon, 

Sockeye salmon, perch, tench, rudd (Auckland/Waikato Fish & Game Region only) 

Regulatory authorities for pest fish  

Department of Conservation 

Administers applications for introduction of new freshwater fish species. It is illegal 

to release any fish into new waters without permission from the Minister of 

Conservation. 

Biosecurity New Zealand (a division of the Ministry of Agriculture and Forestry) 

Administers the Biosecurity Act. Once an organism has been classified as an 

‘unwanted organism’ Biosecurity NZ has powers relating to border control, 

releasing or transfer of that organism.  

PEST AQUATIC PLANTS 



Native aquatic plants serve many important functions. By converting the basic 

chemical nutrients available to them in the water and sediments into plant matter 

via photosynthesis, they then become food for lake fish, insects, snails, water birds 

and other wildlife.  

Aquatic plants provide a refuge for small animals against being eaten by bigger 

ones. Many native New Zealand fish including the Common Bully use the plants  to 

hide from other fish such as eels and trout that eat them. Koura, our native 

freshwater crayfish also use aquatic plants as a shelter.  

Aquatic plants can help maintain clear water by trapping fine sediments and algae 

suspended in the water and they can help to prevent the bottom sediments from 

being stirred up by wind, waves and boat activity.  

They can provide an important buffer strip at the edge of a lake or river and take 

up many of the harmful nutrients and pollutants that may run into the water from 

the surrounding land. They can also reduce nutrients directly within the water 

column and help to lessen the chance of undesirable algal blooms developing. 

However, when invasive weeds replace our native plants, there are significant 
environmental consequences: 

Important plant and animal species are lost. Habitats for native fish and wildlife 

can be adversely modified or destroyed. Recreational activities such as swimming, 

boating and fishing can be restricted. Invasive weeds can ruin the aesthetic appeal 

of a water body. Invasive weeds can also adversely affect economic value by 

restricting irrigation and drinking water intakes, clogging hydroelectric dams, 

blocking navigational pathways, restricting water movement causing flooding and 

reducing tourism and property values.  

Waterweed problems are mostly in small, unshaded, lowland streams and drains 

that have silty beds and slow current speeds. Rooted plants cannot withstand 

currents above about 30 cm/second so they are not a problem in swifter streams. 

Weedy plants flourish particularly in lowland areas where agricultural land-use 

encourages unshaded streams with high nutrient levels.  Native plants in lowland 

waterways don’t grow vigorously enough to cause problems. 

Key issues: 

Dense growth will decrease oxygen at night to levels that kill off sensitive 

stream life. 

  “Marginal sprawler” plants are not represented in the native plant communities. 

These are species like watercress, monkey musk and reed sweet-grass that 

start on the stream margins but grow out across the flow, blocking up the 

channel. Agricultural land development has created the unshaded lowland 

stream conditions where these invaders flourish.  

Significant threats 

Identification photos are available from Regional Councils. 

Aquatic pest plants in the Wellington Region include: 

Eelgrass (Vallisneria gigantea) 

Hornwort (Ceratophyllum demersum) 

Lagarosiphon (oxygen weed) (Lagarosiphon major) 

Marshwort (Nymphoides geminata) 



Parrot’s feather (Myriophyllum aquaticum) 

Sagittaria (Sagittaria platyphylla) 

Sweet reed grass (Glyceria maxima) 

 

CONTROL METHODS 
 

 Shade the plants out   

Plant on both sides of stream if feasible, otherwise on northernmost side. If there 

is stock around natives or pines require fencing. 

50% shade is recommended to maintain plant diversity. 

70% shade will eliminate nuisance filamentous and mat algae. 

75% will eliminate most exotic aquatic plants and maintains water temperature at 

less than 200C.   

  Chemical control 

Diquat is permitted for use on submerged plants and Endothal is registered for use 

on hornwort. Glyphosate (marketed commercially as Roundup) can be used for 

controlling bank vegetation. Refer to Regional Freshwater Plan for permits to 

discharge chemicals in waterways. 

 

  Mechanical control 

Use either an excavator with a bucket or rake-type attachment or a mechanical 

weed cutter mounted on a small boat that moves up the creek. Using machinery, 

however, prevents streamside planting and disturbs spawning grounds. It is also 

an inefficient response as it needs repeating. 

 

  Biological control 

The Department of Conservation may issue permits for using grass carp to browse 

weeds, and this requires an impact assessment of how they might affect natural 

values and of the consequences if they were to escape (for example during 

flooding). The water quality must be high for the fish to thrive. 

 

GENERAL REFERENCES 

Lake Manager’s Handbook: Alien Invaders. MFE, June 2002. Ref. ME444. 

Also available on-line. Information for lake managers on pest fish and weeds; 
notes distributions, endangered habitats and species and legislation. 

 

 



 8. Monitoring waterway 
health  

WATERWAY CLASSIFICATION 

NZ’s River Environment Classification system (REC) 

The NZ River Environment Classification system (REC) groups rivers into classes at 

a variety of levels of detail and scales. It organises information about the physical 

characteristics of New Zealand’s rivers (for example, their climate, the source of 

flow for the river water, the geology of the catchment and catchment land cover, 

e.g. forest, pasture, urban) and maps this information by river segment for New 

Zealand’s river network – over 425 thousand kilometres of river.  

Rivers with the same class are expected to have similar physical environments and 

ecosystems, similar environmental and economic values and similar responses to 

human disturbance despite the possibility that they are geographically separated.  

The similarity among rivers within a class means that REC classes can be used to 

stratify monitoring sites within a region and as a basis for reporting environmental 

data. The characteristics of each class can be used to make management decisions 

in a rational and meaningful way for the class as a whole. This allows more 

efficient use of limited information because data from sites can be used to inform 

managers on potential conditions of locations for which data does not exist.  

 Technical Details About Content and Distribution 

The REC has been published on compact disc (CD). The CD contains:  

 the river network database and classification layers;  

 two computer software tools: Grouper and Riv Trace; and  

 a technical users guide (a copy can be downloaded via the internet from the 

National Institute of Water and Atmospheric Research’s (NIWA) REC website 

www.niwa.co.nz/ncwr/rec/ ).  

The REC system has been published as a resource management tool for use in a 

Geographic Information System (GIS). Those who do not have a GIS but still want 

to use a particular river classification can use paper maps produced by the REC 

system via a GIS. The REC has been distributed on a CD free of charge to all 

councils. NIWA is licensed by MFE to distribute the REC to other end users at cost 

of transfer.  

Refer: NIWA website (www.niwa.co.nz/ncwr/rec/) 

 

 

 



Riparian Management Classification 

Management of stream riparian areas – including vegetation and stock access – 

influences the health of streams and downstream water bodies. Instream and 

downstream effects include: 

 stream temperature and plant growth  

 sediment, pathogen and nutrient levels  

 food webs  

 physical habitat  

 flood control  

 aesthetics  

 recreational use.  

The importance of these various functions of riparian areas varies greatly 

depending on stream and land characteristics and the local waterway management 

issues. Effective management is enhanced by targeting of key riparian functions. 

NIWA has developed Riparian Management Classification (RMC) as a tool to move 

beyond “one size fits all” approaches to riparian management and hence to 

improve its effectiveness for protecting and restoring aquatic ecosystems from 

land-use impacts. Currently only the Canterbury Region has been mapped. 

Refer: NIWA  

WATER QUALITY GUIDELINES 

Best Practice resources are outlined in the Surface Water Quality section of the 

Quality Planning website. Regional Councils may set water quality Standards, 

which have statutory standing and must be enforced. Because of the complexity of 

the subject it is more prevalent for Guidelines to be provided Guidelines do not 

have statutory standing. Guidelines commonly used include: 

 Microbiological Water Quality Guidelines for Marine and Freshwater 

Recreational Areas (MFE 2003) 

 Australian and New Zealand Guidelines for Fresh and Marine Water Quality 

(ANZECC & ARMCANZ, 2000) 

 New Zealand Periphyton Guideline: Detecting, Monitoring and Managing 

Enrichment of Streams (Biggs, 2000) 

 Water Quality Guidelines No.1 - Guidelines for the Control of Undesirable 

Biological Growths in Water (MFE, 1992) NB These guidelines have been 

largely superseded by the New Zealand Periphyton Guideline except for the 

sewage fungus component, for which the 1992 Guideline remains current. 

 Water Quality Guidelines No.2 - Guidelines for the Management of Water 

Colour and Clarity (MFE, 1994). NB These Guidelines have been largely 

incorporated into the ANZECC & ARMCANZ 2000 guidelines). 

Within the broader Wellington Region the only regional plan that has used 

Standards for water quality is Manawatu Catchment Water Quality Regional Plan 

(horizons.mw) 



MONITORING & ASSESSMENT 

Protocols for sampling macroinvertebrates in wadeable 
streams 

New Zealand Macroinvertebrate Working Group Report No. 1. Prepared for the 

Ministry for the Environment by Stark, J. D.; Boothroyd, I. K. G; Harding, J. S.; 

Maxted, J. R.; Scarsbrook, M. R. 2001: . Sustainable Management Fund Project 

No. 5103. 57p. 

Available on-line at http://limsoc.rsnz.org/publications.htm#Prot. Individual 

protocol sheets designed to be printed double-sided and laminated for field work 

can be downloaded. 

 

DSS (Decision Support System) for setting maximum turbidity 
levels for riverine fish 

NIWA research has established turbidity limits to protect fish in New Zealand rivers 

for peak-flow conditions (i.e. floods) when extreme turbidity may kill fish, and for 

base-flow conditions when long-term exposure to sublethal turbidity may affect 

fish behaviour and reduce their populations. 

As the fish species that are most sensitive to turbid conditions do not occur in all 

rivers and streams, and are not necessarily present at all times of the year, the 

application of turbidity limits to protect fish depends on knowledge of both the 

distributions and life history patterns of the sensitive species. NIWA has therefore 

developed a decision support system (DSS) to help water managers apply these 

limits. 

This DSS can be used for: 

 planning purposes, to identify where silt-generating activities could be a 

concern to fish life and when such activities will have most or least effect,  

 monitoring, to determine when limits are exceeded in receiving waters and 

therefore when silt-generating activities need to be curtailed, or where silt 

retention measures need to be increased,  

 and restoration, to identify waterways where chronic, long-term turbidity is 

currently restricting fish populations. Remedial actions such as riparian 

planting may be required to stabilise slips and reduce suspended solids 

entering such waterways.  

For further information contact Dave Rowe at d.rowe@niwa.co.nz.  

 

Algal Bloom Monitoring Service 

Blooms of hazardous blue-green algae in rivers, lakes and reservoirs can cause 

problems for both animal and human health. NIWA now operates a laboratory 

specialising in the analysis of blue-green algae. The new service provides a one-

stop shop for algal counts and toxin testing, with the toxin testing provided by 

NIWA and AgResearch. The laboratory provides three standard services: 

 Analysis of what blue-green algae are present and whether the species are 

potentially toxic  



 Cell counts of blue-green algal species and identification of potentially toxic 

species  

 Toxin testing for microcystin and nodularin toxins. (Methods for 

quantification of other toxins are currently being developed.)  

For further information, or specialist algal bloom services, contact 

algalservices@niwa.co.nz  

 

Quorer: a simple method for estimating deposited fine 
sediment 

The quantity and nature of deposited fine sediment (i.e., particles < 2mm) on 

streambeds is often indicative of land management practices, such as forest 

harvest, livestock activity, and mining. The biological implications of increased 

levels of deposited fine sediment are usually negative, because deposited fine 

sediments have the potential to smother the streambed. To measure the amount 

of fine sediment held within the interstitial spaces of the streambed the quorer 

(Quinn corer) utilises an open-ended cylinder that isolates an area of gravel 

substrates in flowing water, typically in places corresponding to sites suitable for 

macroinvertebrate sampling (i.e., runs or riffles). After measuring the water depth 

within the cylinder, the top 5–10 cm of substrate is vigorously disturbed with a 

stirring rod, and a grab sample of the resulting slurry collected and analysed for 

the content of organic and inorganic sediments. The quantity of suspendable 

sediment in the surficial substrate (top 5–10 cm) can then be calculated. 

The principal advantage of the quorer technique is that it provides a simple, 

quantitative, measure of suspendable sediment collected from the actual habitat of 

the organisms the deposited sediment is likely to impact (e.g. benthic 

invertebrates, salmonid eggs). The technique is useful in AEE investigations, 

consent monitoring, and state-of-the-environment monitoring, particularly where 

there are concerns about increased delivery of fine sediments to streams (e.g., 

forest logging, placer mining, road and bridge construction). Research on the 

utility of the method and correlations with biological patterns is on-going. 

Refer:  NIWA PO Box 11-115, Hamilton. 

 

Stream Periphyton Monitoring 

The Stream Periphyton Monitoring Manual, prepared by NIWA for the Ministry for 

the Environment, prescribes a set of sampling and analysis protocols applicable to 

most of the common stream habitats in New Zealand. In addition to describing 

these methods, the manual includes an identification guide to common periphyton 

in New Zealand streams and rivers and a field identification chart. 

This manual is a companion to the NIWA publication, New Zealand Periphyton 

Guideline: Detecting, Monitoring and Managing Enrichment of Streams, which is 

available from the MFE website. 

Refer: NIWA, PO Box 8602, Christchurch. 

 

Suspended-Sediment Yield Estimator 



This national GIS ‘layer’ enables reconnaissance-scale estimation of suspended-

sediment yields from New Zealand’s rivers and streams. It has been developed by 

NIWA in collaboration with Landcare Research. 

Predicting long-term average suspended-sediment loads in rivers and streams is 

useful for dealing with a variety of issues. These include sediment entrapment 

rates in potential reservoirs and the vulnerability of estuarine and coastal marine 

habitats to sediment influxes from the land.  

The layer can be used to estimate suspended-sediment delivery to rivers and 

streams from within any defined catchment boundary. It was developed as a 

series of GRID files within the ARC GIS system. Download the pilot-release version 

of the GRID files (and instructions for use).  

 

Refer: NIWA, PO Box 8602, Christchurch. 

 

Stream Health Monitoring and Assessment Kit (SHMAK) 

The Stream Health Monitoring and Assessment Kit has been designed for farm 

families to monitor the “health” of the streams that flow across their land. It allows 

farmers to keep a record of long-term trends (whether streams are improving, 

degrading or staying the same) and also of short-term impacts. It provides a way 

to help farmers to assess whether their land-use practices are affecting their 

waterways. 

The methodology is also appropriate for community groups, Fish & Game officers, 

regional council field officers, or anyone wishing to obtain a general indication of 

the health and ecology of rural streams. 

 Stream Health refers to the condition of the whole waterway. Monitoring 

stream health involves looking at not only water quality but also the physical 

features of the stream and the plants and animals living there.  

 Monitoring means making a standard set of measurements and observations 

at regular intervals (for example, every month) and keeping records of the 

results so that they can be compared over time.  

 The Assessment part of the kit involves assigning scores to each monitoring 

result and then using the scores to determine the condition of a stream. 

These scores are compared over time to see whether stream health is 

changing. This provides an opportunity to make management changes if 

necessary and then to see how effective such changes are in improving the 

stream.  

 The Kit includes a manual of instructions, identification guides, some simple 

instruments and a carrying case.  

For more detailed information on SHMAK, visit www.landcare.org.nz/shmak. The 

current cost for SHMAK is $395 + GST. A discounted price of $370 is available to 

members of Federated Farmers. The clarity tube and manual are also available 

separately.  

Refer: NIWA, P.O.Box 8602, Christchurch. 

 

Low Flow Analysis Tool (LowFAT) 



The magnitude of both minimum flow and abstraction allocation has important 

consequences for residual flow in rivers and the duration and frequency of 

restriction for water users. NIWA has developed LowFAT for water managers and 

other users. Low Flow Analysis Tool software lets you simulate the effect of 

various management regimes on both instream and out-of-stream river resources. 

Now water managers and users can test the consequences of different flow 

management policies and consent conditions. 

LowFAT reads a time series of flow data, allows the user determine allocation 

rates and minimum flows, and then produces a variety of statistics on residual 

river flows and restrictions to water users. 

Version 1.03 runs in all Windows operating environments and can be downloaded 

from ftp://ftp.niwa.co.nz/ResourceManagementTools/LowFAT103.zip. 

Refer: NIWA, P.O.Box 8602, Christchurch. 

 

Trophic Status 

The trophic state of a lake is most simply defined as the life-supporting capacity 

per unit volume of a lake. Six commonly measured variables are widely accepted 

as good indicators of the trophic level of a lake: chlorophyll a (Chla), Secchi depth 

(SD), total phosphorus (TP), total nitrogen (TN), hypolimnetic volumetric oxygen 

depletion rate (HVOD) and phytoplankton species and biomass.  

The protocol developed for the Ministry for the Environment explains both the 

theory and practice necessary to establish a Trophic Level Index (TLI) value for a 

lake. Data sampling and data analysis methods are tailored to fit New Zealand 

conditions. Case studies are presented illustrating trophic change in New Zealand 

lakes and a more general reporting of ecological condition.  

The manual provides advice on good practice in sampling technique on the lake, 

sample handling, laboratory analysis, compiling the data into a basic data file and 

calculating the monitoring results. Considerable emphasis is placed on 

identification of the different thermal layers in a lake and on averaging values only 

from samples within the same layer.  

Protocol for Monitoring the Trophic Status of New Zealand’s Lakes and 

Reservoirs,  2000. A technical report prepared by Lakes Consulting for Ministry 

for the Environment. MFE technical report, 133pp. 

 

Freshwater Biodiversity 

An Analysis of Potential Indicators for Freshwater Biodiversity, 1998. A 

report prepared by Pacific Ecologic Resource Management Associates for the 

Ministry of the Environment. Ref: TR48. 

This report reviews a series of potential freshwater biodiversity indicators which 

were developed through a series of workshops run by the Ministry for the 

Environment between April and September 1998. These workshops included 

representatives of the scientific community, relevant government agencies, 

regional councils and community/sector groups.  

The review format for each indicator consists of: 

 an explanation about the indicator and what it could show (rationale) 



 identification of the relevant freshwater biodiversity issues used in the 

indicator development process 

 relevant national policy goals 

 existing monitoring, research and databases 

 possible methods for implementing the indicator 

 a commentary which analyses the usefulness and practicality of the indicator 

 a list of related indicators 

Available on-line www.mfe.govt.nz 

 

Ground-water Indicators 

Environmental Performance Indicators for Ground-water, May 1998. A 

technical report produced for the Ministry for the Environment. Ref: TR38. 

Available on-line www.mfe.govt.nz. 

It is presumed that society wishes to uphold certain values with respect to ground-
water. Protection of these values requires monitoring the pressures on ground-
water, and the associated effects on what is valued, so that appropriate remedial 
actions can be taken when necessary. Hence it is necessary to identify the values 
to be protected, as well as to understand ground-water’s role with respect to other 
ecosystem components. Section 3 summarises the main issues to do with ground-
water in New Zealand, at present, and attempts to draw from them the values that 
are central to these issues.  

Resources are not available to monitor every aquifer in New Zealand. Neither is it 
necessary. Section 4 proposes a strategy for developing an answer to the question 
“Which aquifers should be monitored?” that is applicable at both regional and 
national levels.  

What should be monitored in each aquifer, and therefore which data should be 
collected routinely, depends on why the aquifer is being monitored. It is also 
constrained by current knowledge, technology, and resources. Section 5 discusses 
the selection of indicators in the context of the information and understanding 
gained through applying the strategy described in Section 4. Comments on the 
feasibility of implementing environmental performance indicators for ground-water 
are presented in sections 6 (data availability) and 7 (contributions from current 
research). Section 8 summarises the main conclusions of the project.  

WATER ALLOCATION 

WAIORA – Water Allocation Impacts on River Attributes 

WAIORA is a decision-support system designed to provide guidance on how a 

water abstraction or discharge might affect several environmental parameters: 

dissolved oxygen, total ammonia, water temperature, and habitat for aquatic life. 

WAIORA uses measurements of stream geometry and numerical models to 

estimate how these parameters change with flow, and compares the predicted 

changes to environmental guidelines, that can be specified by the user, to 

determine if an adverse effect is likely to occur, and what mitigation scenarios are 

likely to ameliorate any adverse impacts.  



Refer: NIWA 

DATABASES 

Freshwater Biodata Information System (FBIS).  

Integrates all NIWA-held freshwater biodata – both native and introduced (initially 

including fish, invertebrates, submerged macrophytes, and algae including 

diatoms). FBIS provides web-based GIS-supported interactive map searching and 

display of freshwater biodata from NZ’s freshwater ecosystems. FBIS is available 

both as a data repository and as a source of freshwater biodata for other 

freshwater data-holding institutions to use. For a summary of FBIS and its 

functionality see: http://www.niwa.co.nz/pubs/wa/12-3/fbis 

 

New Zealand Freshwater Fish Database  

The New Zealand Freshwater Fish Database (NZFFD) records the occurrence of 

fish in fresh waters of New Zealand, including major offshore islands. Refer: 

http://www.niwascience.co.nz/ncabb/tools/index.html#nzffd 

 

Water Resources Archive 

The Water Resources Archive is the national repository for data from more than 

1500 river and lake locations throughout the country. Types of data stored are 

river and lake water levels, river flows, river suspended sediment concentrations, 

rainfall intensities, and river water quality parameters. Refer: 

http://www.niwascience.co.nz/ncwr/   

 

CULTURAL STREAM HEALTH INDICATORS 

Many Maori consider water as the source of life and sustenance. They believe 

water contains a mauri (life essence) that joins physical and spiritual elements and 

links water to every other part of the natural world. Maintaining water quality in 

the best possible condition so that a lake or river and its ecosystems are healthy, 

is therefore an issue of major concern to many Maori. 

The Ministry for the Environment has published an interim report identifying mauri 

and mahinga kai (food resources) stream health indicators: 

A Cultural Health Index for Streams and Waterways: Indicators for 

recognising and expressing Maori values. June 2003, Technical paper 75; 

Ref. ME475. Available (free) from publications@mfe.govt.nz and available on-line 

at www.mfe.govt.nz.  

The Cultural Health Index has three components: (i) stream sites are classified 

according to traditional associations and intention to use in the future, (ii) sites are 

evaluated for mahinga kai features and (iii) sites are evaluated for stream health. 



EDUCATION RESOURCE KITS 

Environment Watch on CD, 2003. Set of 6 CDs produced by NIWA as part of 

their Information Series. Free to secondary schools, community groups and 

environmental education organisations. Other groups $30 for the set. Order form 

available on-line www.niwa.cri.nz. Their content is suitable for school curricula 

activities and includes video clips and class worksheets. 

Weeds in Streams Aquatic plants are not always a problem but the CD identifies 
when they are, and ways of controlling them (including costs). 

Researching Sustainable Farming Practices to Protect Waterways Summarises the 
nutrient pollution issues of farming and describes a range of techniques being 
used to investigate and mitigate the problems including Fertiliser Risk 
Management, Rain Machines, Denitrification Trenches and Experimental Streams. 

Farm Stream Fisheries Looks at Being Whitebait Friendly, Crayfish Farming, Eels in 
Farm Waterways, Give Eels a Helping Hand and Pest Fish. 

Forestry and Streams  Explains the generally positive impacts on stream 
ecosystems of converting pasture to forest and how to manage the potential 
negative impacts when plantation forests are harvested. Gives information that will 
assist a student in understanding the impact of human activities on farmland and 
aquatic ecosystems. 

Dairy Shed Waste Describes management of dairy shed wastewaters and related 
issues of water-borne disease-causing microbes (“bad bugs”) and stream health 
monitoring. 

Sustainable Farming Projects The CD for this section describes three projects to 
reduce the effects of farming activities on stream and harbours. Only one of these 
projects appears as a web page. Sustainable farming is focused around practices 
that are economically, environmentally, and socially acceptable/beneficial. 

 

Rivers and Us. Cross-curricula unit for Levels 2-4, Environment Waikato. The unit 
looks at the many and diverse ways in which we use water, and the effects these 
activities have on the Waikato waterways. It can be downloaded from 
www.ew.govt.nz. It can be used in conjunction with Impacts on Waterways, a 
resource of pictures showing people’s impacts in upper, middle and lower reaches 
of catchments. 

 

Taniwha Trout and Tamariki - A waterways educational resource for 

Taieri primary schools. TAIERI Trust. www.taieri.net.nz 

Developed in conjunction with the University of Otago. The Resource Kit aims to 
use local waterways as a learning tool to develop skills in the science curriculum 
while recognising that each student is unique and that their imagination is 
captured in different ways. Activities included are as wide ranging as using 
invertebrates to measure pollution, producing a play, designing technological 
innovations, photo interpretation, scientific experiments, watching a video and 
conducting a survey. 

 

Waiora - Caring For Our Streams, 2000. Environmental Resource Unit, 

horizons.mw. A teacher’s guide for senior primary and intermediate classes. 



Waiora explores water through a stream visit and asks the questions what does 
water mean to you and how can you be involved in its care?  The unit explains 
streamside activities and suggests classroom activities to enhance learning around 
the stream visit, which can include (i) habitat assessment (ii) measuring the 
physical attributes of the stream such as water flow, cross-section, clarity and 
temperature, and (iii) biological indicators of stream health (invertebrate diversity 
and identification).  

 

Take Action for Water, 2001. Greater Wellington Regional Council. A complete 

guide for teachers to help 8 - 12 year olds understand and care for freshwater in 

the Wellington Region. The kit can either be used on its own, or teachers can 

apply to join the guided programme and work in partnership with the Action Crew 

who are trained teachers and environmental educators. To apply, contact 

actioncrew@wrc.govt.nz or phone 04 384 5708 or visit 

www.takeaction.wrc.govt.nz. 

Take Action For Water is a three step programme (i) investigate about the 
environment (ii) explore the environment and (iii) take action for the environment 
(with ideas for action projects supplied). 
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  New Zealand Stream Invertebrates is a comprehensive and readable account of 

the biology and ecology of invertebrate animals living in New Zealand streams and 

rivers. Invertebrates play key roles in the ecology of running water ecosystems 

and are the principal foods of fish and many water-associated birds. They are also 

used widely for environmental monitoring and measuring the toxicity of effluents. 
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 9. Riparian & surface 
protection  

REMOVAL OF RIPARIAN VEGETATION 

Forest harvest or clearance of streambank vegetation is a major disruption to a 

stream ecosystem. 

POTENTIAL EFFECT  MITIGATION 

Increase in sunlight causing increase in 

temperature 

Sudden increase in organic debris 

which can temporarily lower oxygen 

levels 

Decrease in species reliant on low light 

and low temperatures 

Increase in sediment and runoff 

entering the waterway 

Increase in low sensitivity 

invertebrates at the expense of 

sensitive invertebrates 

Decrease in bank stability during floods 

 

Retain riparian vegetation buffer strip 

(fenced off from stock if appropriate) 

 

                                   BENEFITS OF RIPARIAN VEGETATION  

Riparian zones are the place where aquatic and terrestrial systems interact and are 

the last line of defence for minimising contaminants entering a waterway. If 

functioning well, riparian zones can buffer streams from various detrimental land-

use effects. Vegetation is the primary means of establishing protection for 

streams.  

It improves water quality 

Riparian vegetation which captures slope runoff before it reaches the waterway 

works in several ways: 

Chemical processes such as de-nitrification can remove dissolved nitrates. 

Vegetation can slow water flow so that suspended solids (often with adsorbed 

nutrients) can settle out and be absorbed into the soil. 

The vegetation can utilise the excess nutrients for growth. 

Note that although riparian filter strips can sieve out coarse sediment some 

pollutants (phosphorus, pesticides) are bound preferentially to finer particles that 



may still reach the stream. Riparian vegetation is not a panacea for poor land-use 

management. 

Riparian vegetation can prevent direct stock access to streams, thereby preventing 

pollution and bank erosion. 

 In the Ruamahanga River, downstream of all the main tributaries, nearly 90 percent of the nutrient load is from 

overland runoff and bank erosion during elevated flows. Faecal contamination of the lower Ruamahanga River 

during elevated flows is four times higher than it is during low flows. Given that high flows would dilute point 

source discharges, this increase must be caused by runoff from surrounding land. 

It improves in-stream wildlife habitat 

Vegetation which shades the waterway will keep water temperatures stable, 

lowers wind speed and provides shadows where fish can take refuge from 

predators. The height of the vegetation need only one third of the width of the 

waterway, and need only be on the northerly aspect to be effective. 

 Large eels need hiding places to spend the day in – places like wood jams, 

undercut banks, tree roots along streambanks, aquatic plants and stable 

rocks. 

 Streambanks are especially important as refuges for koura (freshwater 

crayfish) during floods; if the banks erode the populations are often 

decimated, so it is important to maintain stabilising vegetation along the 

banks to preserve koura habitat. 

 Whitebait adults including inanga, giant kokopu and banded kokopu hide in 

the shelter of streamside vegetation when disturbed, and lay their eggs 

within stream bank vegetation. Most whitebait species prefer the slower, 

smaller streams typical of lowland west coast areas so even small farm 

streams benefit greatly from riparian planting. 

 Insects dropping from overhanging vegetation provide a major food source 

for fish. 

 Plant material falling into the waterway provides food for aquatic 

macroinvertebrates. 

 Riparian vegetation also provides a wildlife corridor on land. 

 Shading will prevent the build-up of aquatic plant weeds. 

 Note that willows prevent the growth of bank vegetation required for fish 

spawning.  

It can absorb flood energy & minimise erosion 

A river’s flow regime is regulated by the climate and the landforms which feed 

water into the catchment. In some situations, however, the riparian zone plays a 

larger role. On low-lying, flat topography the riparian zone can store and retard 

the flow of drainage waters - both the surface water draining into the watercourse 

and rising floodwaters. While this can reduce peak floods downstream, it does 

mean that flooding may last longer locally.  

In the past such areas may have been natural swamps and meanders which have 

since been artificially drained. Returning riparian vegetation to these areas can 

begin to return some functionality to the riparian zone.   



Bank erosion may be minimised by riparian vegetation, but no hard and fast 

generalisations can be made about the relative merits of native versus exotic, or 

trees versus shrubs. Excessive shading by tall trees can inhibit ground cover 

growth and on some watercourses without this ground mat of vegetation roots 

scouring may occur. The best choice of vegetation (see next section) needs to be 

based on an appraisal of bank substrate, stream flow regimes and limitations 

posed by surrounding land-uses (such as plantation or stock browse). 

 

2005. Use of urea fertiliser on dairy farms has increased 160% over the last two years. 

RIPARIAN PLANTING  

What width is required? 

If the primary objective for planting is to provide shade, roughly 80% of the 

total vegetative shade that is desirable can be achieved by planting a single line of 

trees on each bank. However, to maintain a microclimate and to provide mutual 

wind sheltering for optimal growth, a minimal width should be at least three 

times wider than the eventual crown height. 

If the primary objective is to remove nitrates from incoming groundwaters, the 

riparian vegetation must be at least 10 metres wide. Research has shown that 

most nitrate uptake by plants in riparian wetlands occurs within the first 5 - 10 

metres, but 20-30 metres is required for 100% absorption. Nitrates are removed 

by microbacteria which, in the absence of oxygen and the presence of organic 

matter, convert nitrate to gaseous forms of nitrogen. Thus, swampy riparian zones 

are more effective nitrate buffers than dry riparian zones. 

 

 

If the primary objective is to sieve runoff sediments, hill slope, catchment size 

and soil drainage characteristics should be taken into account. A formula for 

estimating optimal width is explained in Managing Riparian Zones Volume 2. 

Certainly, the higher the clay content of a soil, and the steeper the slope, the 

wider the riparian filter strip needs to be. Five metres of long grass is effective for 

capturing coarse particles. 

If the primary objective is to prevent dairy farm effluent reaching the waterway, 

buffer strips may not be effective in steep country, but will be worthwhile on flat 

country.   

What species are suitable for riparian planting? 

Choose species for riparian planting according to the following factors: 



 Is the area near the coast? It may be inanga spawning habitat. Rushes and 

grasses (including toetoe) are ideal.  

 Is runoff a source of sedimentation or pollution? Ground cover will be 

paramount, so use more low shrubs, rushes and ground cover species and 

fewer tall, shading plants. 

 Will weeds dominate if a riparian strip is fenced off? Dense planting helps 

(e.g. 2m x 2m of PB3 grade plants). It would also be possible to graze 

seasonally (avoiding spawning seasons) around plants protected by sleeves 

or wire buckets, or plant unpalatable species without fencing. 

 Is the stream wide enough to warrant planting trees for shade and/or bank 

protection?  

 Poplars or willows are the cheapest option although not recommended for 

small streams as they can constrict the channel and streams have a lower 

flow capacity. The vigour and root strength of willows is unsurpassed by any 

native species, making them useful in severely eroding sites. Concentrate 

willows on eroding outside bends. Use only sterile shrub varieties of willow - 

not grey or crack willow, which are weedy species. Including labour, this 

costs about $2000 per stream km (planted on both sides) with sleeves to 

prevent browsing damage and $600 without. However, as noted, if planted 

close to the coast they will prevent spawning of whitebait species.  

 Using native plants means get added benefits but increases the costs. The 

planting is more expensive at around $10,000 per stream km for 5 metre 

wide strips on either side. Most native plantings need fencing, which ranges 

from about $4000 per km of stream for 2-wire electric fences to $12,000 per 

km for 8-wire post-and-batten fencing.  

 Annual maintenance of planted areas also costs about $50–$100 per km. 

Obviously, these costs can be about halved if the orientation of the stream 

allows you to plant just the north side, which can provide effective shade. 

Techniques for riparian planting 

Plan density and composition of the riparian strip in order to regulate light 

levels on the watercourse. There are three options: 

(i) Encourage ground cover where you want to stabilise low-angle banks or 

prevent sediment entering watercourse. Trees and shrubs should be well spaced 

(approximately 10 metre intervals) and in a narrow band so that light penetrates, 

encouraging ground cover growth. Deciduous trees can achieve a similar effect 

although the species of ground cover that copes with seasonal light variation is 

more limited. 

(2) Where surface runoff or bank stabilisation are not primary concerns, induce 

heavier shading (plant trees at 3 metre intervals). Reduced light levels will reduce 

weed growth. 

(3) A multi-functional riparian strip - plant for shading alongside the streambank, 

for habitat enhancement further inland, and have a grassed buffer strip furthest 

from the streambank. 

INANGA (WHITEBAIT) SPAWNING GROUND PROTECTION 



Whitebait comprises the migratory juveniles of five species of native Galaxias. 
Mature inanga mate and lay eggs (spawn) in very specific environments: the 

banks of tidally-influenced, flow-stable waterways, and in tributaries and small 

creeks in very large catchments, often where there are embayments and 

confluences. Eggs are laid amongst inundated bankside vegetation, with a 

preference shown for tall fescue (Festuca arundinaceae), wiwi (Juncus 
gregiflorus), raupo, flax and toetoe.  

Spawning occurs mostly in March, taking place 2 or 3 days after new or full moon. 

Some spawning occurs in spring. In fact, research has shown that through New 

Zealand, only June-September are totally spawning-free months. Inanga will 

return to the same spawning grounds each year.  

During autumn, it is important that the riparian zones of tidally influenced 

stretches of streams and rivers are undisturbed by grazing stock or earthworks. It 

is also important to prevent unfavourable plant infestation - reed sweet grass 

(Glyceria maxima) and other exotic grass species are of concern. 

POTENTIAL EFFECT  MITIGATION 

Inanga spawning ground subject to 

stock grazing and trampling, destroying 

eggs 

Spawning ground infested with 

inappropriate plant species 

Spawning ground polluted by chemical 

or oil spills 

Lack of riparian vegetation within the 

specific environment range suitable for 

spawning and harbouring eggs 

 

Prevent grazing along stream banks 

in autumn 

Plant appropriate riparian species 

where streams are tidally influenced 

Prevent bank earthworks during 

autumn 

Do not locate boat ramps near 

spawning grounds (high risk of 

contamination) 

Control infestation of unsuitable weed 

species along banks 

Reduce nutrients entering the stream 

by using a riparian buffer 

 

SURFACE PROTECTION 

A range of protection methods are available to suit different situations where soil 

is exposed. 

Hydro-seeding 

By combining seed, fertilizer, fibre and a tackifier, a hydro-seeding mixture is 

produced that can be applied with force to the landscape surface. The seed 

mixture sticks to the soil surface through to germination. Short and tall grasses, 

shrubs and ferns may be applied. 

 

Spray on liquid co-polymers 

For soil stabilisation, slope management, and dust control. They form a 

semipermeable, transparent crust, letting in just enough water to ensure proper 



plant growth. Later, this same crust provides a solid foundation for plant roots. 

The copolymer is highly resistant to ultraviolet radiation and breakdown due to 

moisture. It is environmentally safe, nontoxic, non-flammable, and non-polluting. 

useful on construction sites and roadsides. 

 

Geotextiles 

Useful for surface protection of runoff conveyance systems such as spillways, 

temporary channels etc. Fabric is securely dug in at inlet end and pinned across 

the area being covered. Because geotextiles are permeable there could be 

scouring underneath. 

 

Turf 

Pre-grown grasses matted into a roll-out turf can provide instant protection on 

slips or exposed soils. 

 

Mulch 

Not suitable to control concentrated flows, and mulch will decompose. Ideal for 

protecting seed as it conserves soil moisture, creates a physical barrier against 

erosion and stabilises soil temperature. It can substantially increase plant growth 

and reduce plant mortality, while suppressing weeds. Bare soil can discharge over 

six times as much sediment as mulched subsoil. Mulched topsoil is even more 

effective. Can be crimped into soil with disks or sprayed with a glue for adhesion.  

 

  GENERAL REFERENCES 

Best Management Practice for the Clearance of Willows from Stream 

Channels. Environment Waikato, 2000. Undertaken correctly, removal of willows 
in riparian areas can assist in the maintenance of a clear waterway, provide access 
to water, retain habitat and shade, and maintain streambank stability. Undertaken 
poorly it can result in debris being introduced to waterways, spread of unwanted 
plant species, destroy wildlife habitat areas and result in a new cycle of erosion. 
The report lists techniques that ensure adverse effects of willow removal are 
avoided, remedied or mitigated. Contact Asset Management Group, Environment 

Waikato. 

 

 

Controlling problem weeds in riparian zones. Greater Wellington Regional 

Council . 25pp. 

http://www.gw.govt.nz/council-publications/pdfs/GW_weeds_WEB.pdf Contains a 
summary of methods, chemical options and species-specific control options. 

 



Environmental Guidelines for Rural Living, Kapiti & Horowhenua. Boffa 

Miskell 2001. 24pp. Available from local authorities. Contains locally relevant plant 
species and reviews the nature of streams in different environments. 

 

Greater Wellington’s Riparian Strategy, June 2003. Greater Wellington 

Regional Council, GW/RP-G-03/29. Also available online. Outlines cost benefits of 
riparian protection, identifies priorities for council funding. 

 

How to locate and protect whitebait spawning grounds, C.R.Mitchell and 

G.A.Eldon, Freshwater Fisheries Centre, MAF Fisheries.  

Explains the need for protection, describes locating spawning grounds, short term 
protection measures and long term protection measures. Includes lists of (a) 
plants most commonly found associated with inanga eggs (b) plants which indicate 
likely spawning habitat (c) typical native (natural) riparian vegetation. 

 

Managing Waterways on Farms: A guide to sustainable water and 

riparian management in rural New Zealand.  Ministry for the Environment, 

July 2001. Ref. ME385. http://www.mfe.govt.nz/publications/water/managing-

waterways-jul01/index.html 

A comprehensive manual providing an overview of riparian function, maori 
perspective, impacts of agriculture and forestry practices on waterways, ways of 
managing the problems and advice on how to restore riparian vegetation. Sixteen 
case studies are used to illustrate a range of different riparian environments, their 
problems and solutions. 

 

Managing riparian zones: a contribution to protecting New Zealand’s 

rivers and streams. Collier et al. NIWA / Department of Conservation 1995. 

Volume 1: Concepts (35pp). Volume 2: Guidelines (142pp). 

Volume 1 reviews the importance of riparian protection and the relationships 
between river or stream characteristics and their riparian zones (with respect to 
flow regimes, channel characteristics, light, temperature and chemical properties). 
Reading Volume 1 will help you select the guideline most relevant to your situation 
in Volume 2. Volume 2 contains much more detailed advice about riparian zones 
in various land-use contexts and specific examples of how to manage different 
aspects of stream health through riparian management. Each approach reviews 
side effects, limitations and assumptions and the levels of confidence of activities 
based on real field experience. 

 

New Zealand Wetlands - A Management Guide. Buxton, Department of 

Conservation 1991. This report contains guidelines on the management, 
restoration and making of wetlands and much of the information is appropriate to 
riparian zones. Available from Science & Research Division, Dept. of Conservation, 
Wellington. 

 

Review of Riparian Buffer Zone Effectiveness. MAF Technical Paper No. 

2004/05, September 2004. Reviews and summarises published research on the 



efficiency and management of riparian buffer zones, with respect to the 
attenuation of sediment and nutrients, and biodiversity enhancement. 

 

Riparian attenuation of faecal microbes. MAF Technical Paper No.2002/16 

 

Soil Conservation Technical Handbook. Ministry for the Environment, 2001. 

Ref. ME440 

 

The National Inanga Spawning Database: trends and implications for 

spawning site management. Taylor, M.J., 2002. Science for Conservation 188, 

Department of Conservation.  This 37 page paper updates current knowledge 
about spawning seasonality, preferred habitat and vegetation and location of 
spawning relative to salt water wedge, based on 15 years of field recording. 



 10. Lakes & Ponds 

DUNE LAKES 

A different suite of freshwater management issues relate to shallow dune lakes 

compared to flowing streams, as they are often fed only by groundwater and rain, 

or their inflow and outflow is impeded or seasonal.  

There are two types of dune lakes: basin lakes and dammed valley lakes. Basin 

lakes lie between the foreshore dunes and consolidated sandstones, or fill 

depressions in the consolidated dunes.  Where streams draining the consolidated 

dunes have been blocked by moving sand, dammed valley lakes are created. 

Water levels are maintained by rainfall and groundwater and fluctuate around 

700mm annually. 

POTENTIAL EFFECT   MITIGATION 

Dune lakes fed primarily by 

groundwater and rain, have fluctuating 

water levels. Their levels may be 

affected by both drainage and creation 

of new lakes in the vicinity, making 

integrated management over a wide 

area essential. 

Wetlands around lake edges may lose 

their denitrification properties if they 

dry out, resulting in elevated levels of 

nitrogen within the lake itself. 

Nutrients may become trapped in the 

lake system. Birds frequent the still 

waters, adding to nutrient loads. Stock 

access to the water has greater impact 

than along stream edges. 

Nutrient-enriched shallow lakes may 

become choked with weeds (especially 

where stock are excluded) and this 

accelerates the natural process of sand 

trapping. In heavy rainfall, surrounding 

land is more likely to flood.  

Stratification of water temperature can 

have severe effects on dissolved 

oxygen; resulting in eutrophication and 

decline in water quality.  

The introduction of coarse and pest 

fish  accelerates the decline of water 

Limit stock access to lakes and buffer 

edges from effluent runoff. 

Plant edges with species with low 

levels of leaf-drop. Shade the water 

where possible. 

Avoid unnecessary addition of fertiliser 

and surround lake with deep-rooting 

species to absorb ground-water 

nutrient. 

Keep lakes free from pest fish. 

Keep lakes free from pest plants. This 

will probably require management of 

phosphorus input into surrounding land 

as this will encourage growth of 

nuisance aquatic plants. 

 



quality. 

 

Native dune lake biota 

Plankton 

Phytoplankton 

Zooplankton 

Bloodworms 

Potamopyrgus (molluscs) 

Hydridella spp.(freshwater mussel) 

small native fish - Galaxias, Retropinna 

and Gobiomorphus spp - (rarely 

abundant) 

long-finned and short-finned eels 

koura (freshwater crayfish) 

 

A brief summary of issues is listed here, but refer also to chapters 1, 2 and 7 for 

further detail. 

 

  KEY ISSUES  POSSIBLE SOLUTIONS 

How should existing high nutrient levels in 

the lakes be managed? 

 

Include taller, sheltering trees in riparian 

planting to reduce wind mixing of water 

layers. Mixing triggers algal blooms. 

Use lakebed water for irrigation (suction 

intakes set at bottom of the lake) 

 

 

How should we prevent more nutrients 

entering the lakes? 

 

Stock need to be removed from lake 

edges, but release of grazing pressure 

may encourage spread of raupo. Roundup 

may be used to control raupo.   

Fenceoff and plant riparian vegetation, 

including in particular wetland plants for 

the fluctuating shorelines (rushes, reeds, 

flax). 

Identify nearby ‘hotspots’ of ammonium 

concentrations (where cattle like to 

congregate) and reconfigure fencing. 

Do not fertilise or topdress within 40 

metres of lake. 

 



How should we prevent more sand entering 

the lakes? 

Lakes with inflows are experiencing faster 

discharge rates these days, which is 

shifting more sand into the lake system as 

drain and stream banks erode. Wide 

grassed “vee” drains may reduce sand 

inputs. 

Do not cultivate adjoining paddocks.   

 

   

The Dune Lakes Restoration Project run in Northland (Te Kopuru) from 2000 - 

2003 showed that a FENCED OFF RIPARIAN STRIP will decrease the levels of N 

and P in the lake by 80% EACH YEAR. Most uptake is in the root zone. 

RIPARIAN PLANTING 

refer also Section 9 

 

Compared with streamside riparian planting there are a few more issues to 

consider when planting around dune lakes.  

 It is best to avoid deciduous trees and raupo if you want to maintain open 

water - both will contribute large quantities of organic material to the lake 

system 

 Plants need to cope with fluctuating water levels 

 Plantings must include wetland (wet feet) plants 

 Plants around duneland lakes probably need to be tolerant of salt-laden 

winds 

Useful species for duneland and/or coastal situations include: 

Wet: up to 1.4m water depth 

Baumea articulata (a hollow-stemmed rush) 

Schoenoplectus  validus (rush) 

Eleocharis sphacelata (rush) 

Eleocharis acuta 

Juncus gregiflorus 

Carex secta (large tussock sedge) 

 

Occasional inundation or damp ground 

Baumea rubiginosa 

Carex lessoniana, C. dissita 

Coprosma tenuicaulis (swamp coprosma) 

Olearia virgata (tree daisy) 



Leptospermum scoparium (manuka) 

Phormium tenax (swamp flax) 

Cordyline australis (cabbage tree) 

 

Drier ground 

Cortaderia toetoe (toetoe) 

Olearia paniculata (tree daisy) 

Coprosma repens (taupata) 

Coprosma crassifolium (a shrub) 

Myrsine australis (mapou) 

 

Useful species for inland situations include: 

Wet: up to 1.4m water depth 

as above 

Occasional inundation or damp ground 

Baumea rubiginosa 

Carex lessoniana, C. dissita 

Coprosma tenuicaulis (swamp coprosma) 

Leptospermum scoparium (manuka) 

Phormium tenax (swamp flax) 

Cordyline australis (cabbage tree) 

Syzygium maire (swamp maire) 

Drier ground 

Cortaderia toetoe (toetoe) 

Coprosma robusta  

podocarps: kahikatea, totara, matai 

Melicytus ramiflorus (mahoe) 

 

 

 

 



LAKE HEALTH 

 



CREATING PONDS 

New ponds are being created for a range of reasons: as part of stormwater 

treatment systems in subdivisions (doubling as recreational attractions); for re-

creation of lost wetland habitat (especially in western dunelands); to create open 

water within existing wetland; and for stock feeding purposes. 

Creating ponds associated with existing wetlands may not always be beneficial 

to the freshwater catchment. Wetlands act like giant sponges and absorb water 

during heavy rain, acting as a natural method of flood control. On shorelines and 

river margins they can reduce the energy of waves, currents or other erosive 

forces. On river and lake margins they can filter out sediment that would 

otherwise get carried into the water when it’s raining. They are generally rich in 

specialist native plant and animal habitat which is now relatively scarce. It will be 

important to retain as much original wetland habitat as possible.  

Wetland is defined in the Resource Management Act, 1991 as includes 
permanently or intermittently wet areas, shallow water, and land water margins 

that support a natural ecosystem of plants and animals that are adapted to wet 
conditions. 

Regional rules in the Regional Freshwater Plan control — 

• taking, using, damming or diversion of water from a wetland 

• disturbing the bed of a wetland (if it is part of a river or lake) 

• discharging contaminants into water in a wetland. 

 

Regional Freshwater Plan: 

Rule 9 permits the diversion of less than 1.5 cubic metres per second of water 

from an intermittently flowing stream provided the diversion complies with 

conditions stated in the rule. This rule also allows diversions from a wetland if the 

wetland is part of a stream. 

Rule 18 requires a water permit to divert water from any wetland with a high 

degree of natural character (listed in Part A or B of Appendix 2 of that Plan). This 

is a non-complying activity. 

Rule 16 requires a water permit to dam or divert any water in or from a wetland 

unless the diversion is allowed by Rule 9 and provided it is not specifically 

restricted by Rule 18. This is a discretionary activity. 

Rule 50 requires a land use permit to reclaim the bed of any wetland with a high 

degree of natural character (listed in Part A or B of Appendix 2 of that Plan). This 

is a non-complying activity. 

Rule 51 prohibits the reclamation of the bed of Lake Wairarapa. No resource 

consent can be granted for this activity. 

  Earthworks consents may be required from the Local Authority  

 

 

 

 



 

Creating ponds in duneland depressions may have an influence on other water 

bodies within a surprisingly wide area. They will be prone to the issues discussed 

in the previous sections. 

 

Pond design 

Purpose-built ponds for runoff and stormwater treatment need to take into 

account: 

 surface input treatment 

 ground-water input treatment 

 flood capacity 

 depth for optimal biological and/or UV treatment 

 access for maintenance 

 risk of introducing pests 

 effect of water take and subsequent discharge on existing streams 

Design advice is available in the ARC Design Manual, amongst other resources. 

 

Ponds designed for bird habitat need to take into account: 

 NZ scaup like deep, open, clear water.  

 Mallards, grey ducks, shoveler, and grey teal prefer shallow water around the 

edges of a pond or lake.  

 NZ dabchicks feed in deep, open water, but build their nests on floating rafts 

of vegetation among reeds.  

 All waterfowl need open water to moult in safety, away from predators.  

 Paradise shelducks feed on pasture next to wetlands.  

 Rails, crakes, pukeko and fernbirds feed and nest around damp areas of 

vegetation.  

 Fernbirds prefer wetlands with dense ground cover under a selection of 

shrubs and small trees like manuka.  

 The spotless crake and marsh crake are secretive birds that feed in 

permanently shallow water under cover of dense raupo or flax. They build 

nests under sheltering sedges among stands of manuka. You would need 

less than half a hectare of this habitat to support a breeding pair of spotless 

crake.  

 Create gently sloping, irregular shorelines. This allows birds, particularly 

waders, chicks and ducklings, easy access to and from the water and will 

extend the belt of reeds and rushes growing around the edge.  

 Logs and trees provide perching sites and shelter, however it is important to 

leave some gaps around the wetland for birds to fly through. 



 During the breeding season (September to December for most species) birds 

are particularly sensitive to disturbance. Grazing or other activities should 

stop or be reduced.  

 Unlike most other birds, ducks and geese moult all their flight feathers at the 

same time. This means that when they are moulting (usually between 

December to February) they can’t fly and need safe places to shelter. 

Moulting birds are also sensitive to disturbances. Grazing or other activities 

should stop or be reduced. 

 Islands or a floating raft with plants growing on it, make safe nesting sites in 

lakes and ponds. 

Ducks Unlimited are a good source of design information. 

GENERAL REFERENCES 

Dune Lakes Restoration Project was run by AgResearch, NIWA and NZ 

Fertiliser Manufacturers Research Association and ran from 2000 to 2003. 

Contacts: Mike O’Connor, AgResearch; Max Gibbs, NIWA, Bob Parker, Agriculture 

New Zealand (Project Manager). Input was also gained from Manawatu farmers - 

contact Bruce Withell, Pukepuke Lagoon, Manawatu. 

 

Stormwater Treatment Devices: Design Manual. Auckland Regional Council 

Technical Publication #10. Also available online. A comprehensive manual covering 
concept and design of swales, wetlands, filtration and infiltration systems, green 
roofs, tanks, ponds. Includes promotion of innovative solutions.  

 

Lake Manager’s Handbook: Fish in New Zealand Lakes, June 2002. MFE. 

Ref ME445,112pp. 

Part I: Description of fish in lakes 

Part II: Factors affecting lake fish  

Part III: Monitoring and managing lake fish populations 

Part IV: A case study - Lake Rotoaira 

Prepared by NIWA, Hamilton for the Ministry for the Environment. Available from 

MFE, P.O.Box 10-362 Wellington. Also available on-line www.mfe.govt.nz. 

 

Lake Manager’s Handbook: Alien Invaders, June 2002. MFE. Ref ME444. 

Freshwater systems in New Zealand, including lakes, have been highly invaded, 
with large numbers of alien species present. For management purposes, the alien 
species causing problems need to be distinguished from those that are not, and 
this decision can depend on the type of lake, its uses, and its flora and fauna. 
Alien Invaders investigates entry pathways into this country and the way pests 
spread once introduced. It also provides an updated record of the 

introduction and distribution of new invasive aliens and the problems they cause, 
and discusses endangered species and the habitats that are threatened. It 
identifies future pest species, reviews biosecurity legislation and looks at options 



for the management of alien invaders, including separate sections on eradication 
and control. 

Prepared by NIWA, Hamilton for the Ministry for the Environment. Available from 

MFE, P.O.Box 10-362 Wellington. Also available on-line www.mfe.govt.nz. 

 

Lake Manager’s Handbook: Lake Level Management, June 2002. MFE Ref 

ME443. 

The Lake Managers’ Handbook was published in 1987 (Vant 1987) and is still 
widely used and highly regarded by lake managers and others involved in water 
management. The Handbook was designed to guide investigations into lake 
ecosystems, to interpret the result of such investigations, and to help managers to 
assess their management options. This guide updates and expands Chapter 22 
from the Handbook, which dealt with lake levels and lakeshore erosion (Mark and 
Kirk 1987) and incorporates recent work on marginal vegetation that was originally 
covered in Chapter 10 of the Handbook (Johnson 1987). 

The guide brings together new information on lake-level fluctuations, most of it 
previously only available in consultancy reports, in a form suitable for lake 
managers. It begins by outlining the major issues, the most important physical and 
biological processes, and the biological communities that are likely to be impacted 
by fluctuating lake levels (section 1). It then discusses the effects of lake level 
regimes on these processes (section 2). Section 3 looks at issues and 
requirements of the RMA, and provides a checklist for assessing environmental 
effects, while section 4 raises a number of management issues. Section 5 covers 
monitoring requirements and recommendations, and section 6 presents a 
discussion on new approaches and developments in assessing impacts. 
Throughout the guide New Zealand case studies are used to demonstrate different 
approaches used on the variety of lakes that have been studied. 

Prepared by NIWA, Hamilton for the Ministry for the Environment. Available from 

MFE, P.O.Box 10-362 Wellington. Also available on-line www.mfe.govt.nz. 

 

Lake Manager’s Handbook: Land-Water Interactions, June 2002. MFE Ref 

ME442. 78pp. 

This handbook describes methods for quantifying how human activities in 
catchments affect material and nutrient loads into lakes, and how this can affect 
lake water quality and lake ecosystems. This revision of the 1987 Handbook 
updates information on water and sediment sources to lakes, focusing on nitrogen 
and phosphorus sources. In doing so, it concentrates on modelling sediment and 
nutrient sources to lakes, determining loads, and suggest methods for reducing 
loads. 

Prepared by NIWA, Hamilton & Christchurch for the Ministry for the Environment. 

Available from MFE, P.O.Box 10-362 Wellington. Also available on-line 

www.mfe.govt.nz. 

 

Protocol for Monitoring the Trophic Status of New Zealand’s Lakes and 

Reservoirs, Lakes Consulting for MFE, 2000. MFE technical report, 133pp. 

The trophic state of a lake is most simply defined as the life-supporting capacity 
per unit volume of a lake. Six commonly measured variables are widely accepted 



as good indicators of the trophic level of a lake: chlorophyll a (Chla), Secchi depth 
(SD), total phosphorus (TP), total nitrogen (TN), hypolimnetic volumetric oxygen 
depletion rate (HVOD) and phytoplankton species and biomass.  

The protocol developed for the Ministry for the Environment explains both the 
theory and practice necessary to establish a Trophic Level Index (TLI) value for a 
lake. Data sampling and data analysis methods are tailored to fit New Zealand 
conditions. Case studies are presented illustrating trophic change in New Zealand 
lakes and a more general reporting of ecological condition.  

The manual provides advice on good practice in sampling technique on the lake, 
sample handling, laboratory analysis, compiling the data into a basic data file and 
calculating the monitoring results. Considerable emphasis is placed on 
identification of the different thermal layers in a lake and on averaging values only 
from samples within the same layer.  
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