
Appendix 1: Glossary 

Glossary of Maaori terms 

 

Te Reo Maaori term English term Scientific term 

   

A   

Ana Cave, burial cave  

Atua Ancestor with continuing influence, 

god, supernatural being, deity. 

 

Awa River, stream, creek   

   

H   

Hani-a-te-waewae-i-

kimi-atu  

The male element  

Hapuu Sub-tribe  

Harakeke Flax  Phormium tenax 

Hui  Assemble, assembly, meeting, 

gathering 

 

   

I   

Iinanga Whitebait Common galaxias 

Iwi Tribe, nation, people, society  

   

K   

Kaainga Home, abode, dwelling  

Kaaeo Freshwater mussel Hyridella menziesi 

Kaakahi Freshwater mussel Hyridella menziesi 

Kai Eat, food,   

Kaihoe Paddler, rower  

Kaitiakitanga Guardianship  

Kanae Mullet Mugil cephalus 

Karakia Incantation, prayer, chant  

Kaumatua Elder (singular), not gender specific  

Kaumaatua  Elders (plural), not gender specific  

Kawa Ceremonial rituals, protocol  

Kiingitanga The King Movement - a movement 

which developed in the 1850s, 

established to stop the loss of land 

and promote Maaori authority, to 

maintain law and order, and to 

promote traditional values and 

culture.  

 

Koohanga Nest, nursery  

Koira Biology  

Kooaro Climbing galaxias Galaxias brevipinnis 

Kooiwi Bone(s)  

Kookopu Galaxiids  

Koorero Speech, narrative, story, news,  



account, discussion, conversation, 

discourse. 

Kooura Freshwater crayfish Paranephrops 

Koroneihana Coronation - the year's biggest 

gathering of followers of the 

Kiingitanga, celebrating the 

anniversary of the anointing of the 

King (or Queen). 

 

Kura School, education, learning, gathering. 

(Kura kaupapa are schools which 

operate under Maaori custom, using 

Maaori as the medium of instruction). 

 

Kuta Great spike rush, bamboo spike-sedge Eleocharis sphacelata 

   

M   

Maaori Indigenous person of Aotearoa/New 

Zealand 

 

Maataitai Mataitai reserves are areas where 

tangata whenua manage all non-

commercial fishing by making bylaws. 

Bylaws must apply equally to all 

individuals. Reserves can only be 

applied for over traditional fishing 

grounds and must be areas of special 

significant to the tangata whenua. 

Generally there is no commercial 

fishing with the reserves (Ministry of 

Fisheries, www.fish.govt.nz). 

 

Maatauranga Maaori Maaori knowledge - the body of 

knowledge originating from Maaori 

ancestors, including the Maaori world 

view and perspectives, Maaori 

creativity and cultural practices. 

 

Mahi toi Art, craft  

Manaakitanga Hospitality (ability of hosts to care for 

their visitors), kindness, blessing. 

 

Mana Prestige, authority, control, power, 

influence, status, spiritual power, 

charisma - mana is a supernatural 

force in a person, place or object. 

 

Mana o Te Awa  

 

Seeks respect for: 

• Te awa tupuna (ancestral river) 

• Whakapapa and unity of the River 

tribes 

• The unique relationship of the 

people with the River 

• Responsibilities of Waikato-Tainui 

and other river iwi to protect the 

mana of the River 

 

Mana Whakahaere Refers to the authority that Waikato-

Tainui and other river iwi have 

 



established in respect of the River, 

over many generations. 

Manuka Tea tree Leptospermum 

scoparium 

Manuhiri Visitor, guest  

Marae Sacred meeting place, closed place in 

front of the wharenui (meeting 

house). 

 

Mate Maaori Spiritual sickness (from a Maaori 

worldview). 

 

Mauri Life principal/force, entity  

Mokopuna Grandchild, descendant  

   

N   

Ngaa Aitanga a Tiki Decendents of Tiki, human beings  

Ngaawhaa Great spike rush, bamboo spike-sedge Eleocharis sphacelata 

Ngaawhaa Geothermal hot pools, boiling spring, 

volcanic activity, boiling mud pool, 

fumarole, sulphur water, geyser. 

 

   

O   

   

P   

Paa Traditional settlement  

Paatiki Flounder Rhombosolea plebeia 

Poorohe Adult whitebait, Stokells smelt Stokellia anisodon 

Poukai Annual visitation to marae aligned to 

the Kiingitanga – to contribute and 

discuss movement affairs, to feed the 

widowed, bereaved and the destitute)  

 

Piiharau Lamprey Geotria australis 

Puna Spring (of water), well, pool  

Puna-ha-rau  The female element  

Puuhaa Sow thistle Sonchus oleraceus 

   

R   

Raahui  To put in place a temporary ritual 

prohibition, closed season, ban, 

reserve - traditionally a raahui was 

placed on an area, resource or stretch 

of water as a conservation measure or 

as a means of social and political 

control for a variety of reasons which 

can be grouped into three main 

categories: pollution by tapu, 

conservation and politics. 

 

Rama koura Spotlighting - to catch koura by 

torchlight. 

 

Rangatahi Youth, younger generation  

Rangatira Chief (male or female), leader,  



proprietor - qualities of a leader is a 

concern for the integrity and 

prosperity of the people, the land, the 

language and other cultural treasures 

and an assertive and sustained 

response to outside forces that may 

threaten these. 

Rangatiratanga Sovereignty, chieftainship, right to 

exercise authority, chiefly autonomy, 

self-determination, self-management, 

ownership. 

 

Raupatu Conquer, dispossess, overpower  

Raupoo Bullrush, cat’s-tail Typha orientalis 

Riringi To pour, sprinkle (water)  

Rohe Boundary, district, region, territory, 

area, border (of land). 

 

Rongoaa Remedy, medicine, drug, cure, 

medication, treatment, solution (to a 

problem), tonic. 

 

Ruru Moreport Ninox novaeseelandiae 

   

T   

Tamariki Children   

Tangihanga Weeping, crying, funeral, rites for the 

dead. 

 

Taonga Goods, possessions, effects, treasure, 

something prized 

 

Te Reo Maaori Maaori language  

Tikanga Correct procedure, custom, habit, lore, 

method, manner, rule, way, code, 

meaning, plan, practice, convention. 

 

Aa tinana In person, physical  

Tangata Person (singular)  

Tangata whenua People of the land, locals, host, 

resident, people born of the whenua, 

i.e. of the placenta and of the land 

where the people's ancestors have 

lived and where their placenta are 

buried. 

 

Taniwha Chief, a monster good and bad that 

resides in water, taniwha take many 

forms from logs to reptiles and whales 

and often live in lakes, rivers or the 

sea. They are often regarded as 

guardians by the people who live in 

their territory. 

 

Tapu Restriction - a supernatural condition. 

A person, place or thing is dedicated 

to an atua and is thus removed from 

the sphere of the profane and put into 

the sphere of the sacred. It is 

 



untouchable, no longer to be put to 

common use. Tapu was used as a way 

to control how people behaved 

towards each other and the 

environment, placing restrictions upon 

society to ensure that society 

flourished. 

Teina Younger brother (of a male), younger 

sister (of a female), junior relative. 

 

Tohu Sign, identify, mark, symbol, indicate  

Tuakana Elder brother (of a male), elder sister 

(of a female), senior relative. 

 

Tuuii Parson bird Prosthemadera 

novaeseelandiae 

Tuna Freshwater eel • Shortfin eel - 

Anguilla 

dieffenbachia 

• Longfin eel - Anguilla 

australis 

Tupuna  Ancestor (singular)   

Tupuna awa Ancestral River  

Tuurangawaewae A place to stand, home ground, place 

where one has rights of residence and 

belonging through kinship and 

whakapap. 

 

Tuupuna Ancestors (plural)  

   

U   

Urupaa Cemetery, burial place, graveyard.  

   

W   

Waahi tapu Shrine, sanctuary, sacred area/place.  

Waka Canoe  

Waka ama Outrigger canoe  

Waka taua War canoe, tank  

Waka tiiwai Dugout canoe with attached sides  

Whaanau Extended family, family group, to be 

born. 

 

Whakamaa Be ashamed, shy, bashful, 

embarrassed. 

 

Whakapapa Genealogy, genealogical table, lineage, 

descent, ancestry. 

 

Whanaungatanga Relationship, kinship, sense of family 

connection - a relationship through 

shared experiences and working 

together which provides people with a 

sense of belonging. It develops as a 

result of kinship rights and obligations, 

which also serve to strengthen each 

 



member of the whaanau. It also 

extends to others to whom one 

develops a close familial, friendship or 

reciprocal relationship. 

Whare House, abode  

Wharenui  Meeting house  

Whenua  Land, country, earth, placenta, 

afterbirth. 
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Appendix 3: Vision and Strategy for the Waikato River 

The Guardians Establishment Committee presented their Vision and Strategy for 

restoring and protecting the health and wellbeing of the Waikato River to the Crown 

and Waikato-Tainui at a special hui in June 2008. The Waikato River Independent 

Scoping Study reflects the vision, objectives, and strategies identified in that 

document. They are set out below: 

Vision for the Waikato River 

 

Tooku awa koiora me oona pikonga he kura tangihia o te maataamuri 

The river of life, each curve more beautiful than the last 

Our vision is for a future where a health Waikato River sustains abundant life and 

prosperous communities who, in turn, are all responsible for restoring and protecting 

the health and wellbeing of the Waikato River, and all it embraces, for generations to 

come. 

Objectives for the Waikato River 

 

In order to realise the vision, the following objectives will be pursued: 

 

a. The restoration and protection of the health and wellbeing of the 

Waikato River. 

b. The restoration and protection of the relationship of Waikato-Tainui with 

the Waikato River, including their economic, social, cultural and spiritual 

relationships. 

c. The restoration and protection of the relationship of Waikato River iwi 

according to their tikanga and kawa, with the Waikato River, including 

their economic, social, cultural and spiritual relationships. 

d. The restoration and protection of relationships of the Waikato Region’s 

communities, with the Waikato River, including their economic, social, 

cultural, and spiritual relationships. 

e. The integrated, holistic and co-ordinated approach to management of 

the natural, physical, cultural and historic resources of the Waikato River. 

f. The adoption of a precautionary approach towards decisions that may 

result in significant adverse effects on the Waikato River, and in 

particular those effects that threaten serious or irreversible damage to 

the Waikato River. 

g. The recognition and avoidance of adverse cumulative effects, and 

potential cumulative effects, of activities undertaken both on the 

Waikato River and within its catchments on the health and wellbeing of 

the Waikato River. 

h. The recognition that the Waikato River is degraded and should not be 

required to absorb further degradation as a result of human activities. 
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i. The protection and enhancement of significant sites, fisheries, flora and 

fauna. 

j. The recognition that the strategic importance of the Waikato River to 

New Zealand’s social, cultural, environmental and economic wellbeing 

requires the restoration and protection of health and wellbeing  of the 

Waikato River. 

k. The restoration of the water quality within the Waikato River so that it is 

safe for people to swim in and take food from over its entire length. 

l. The promotion of improved access to the Waikato River to better enable 

sporting, recreational and cultural opportunities.  

m. The application to the above of both maatauranga Maaori and latest 

available scientific methods. 

Strategies for the Waikato River 

To achieve the objectives, the following strategies will be followed: 

1. Ensure that the highest level of recognition is given to the restoration and                    

protection of the Waikato River. 

2. Establish what the current health status of the Waikato River is by utilising 

maatauranga Maaori and latest available scientific methods. 

3. Develop targets for improving the health and wellbeing of the Waikato River 

by utilizing maatauranga Maaori and latest available scientific methods. 

4. Develop and implement a programme of action to achieve the targets for 

improving the health and wellbeing of the Waikato River. 

5. Develop and share local, national and international expertise, including 

indigenous expertise, on rivers and activities within their catchments that 

may be applied to the restoration and protection of the health and wellbeing 

of the Waikato River. 

6. Recognise and protect waahi tapu and sites of significance to Waikato-Tainui 

and other Waikato River iwi (where they so decide) to promote their cultural, 

spiritual and historic relationship with the Waikato River.  

7. Recognise and protect appropriate sites associated with the Waikato River 

that are of significance to the Waikato regional community. 

8. Actively promote and foster public knowledge of the health and wellbeing of 

the Waikato River among all sectors of the Waikato regional community. 

9. Encourage and foster a ‘whole of river’ approach to the restoration and 

protection of the Waikato River, including the development, recognition and 

promotion of best practice methods for restoring and protecting the health 

and wellbeing of the Waikato River. 

10. Establish new, and enhance existing, relationships between Waikato-Tainui, 

other Waikato River iwi (where they so decide), and stakeholders with an 

interest in advancing, restoring and protecting the health and wellbeing of 

the Waikato River. 
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11. Ensure that cumulative adverse effects on the Waikato River of activities are 

appropriately managed in statutory planning documents at the time of their 

review. 

12. Ensure appropriate public access to the Waikato River while protecting and 

enhancing the health and wellbeing of the Waikato River. 

A full copy of the Vision and Strategy for the Waikato River can be found on the 

Guardians Establishment Committee website – www.river.org.nz 
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Appendix 4: The Guardians Establishment Committee  
 

2.1 The Guardians Establishment Committee – Terms of Reference 

 

The Guardians Establishment Committee (GEC) was formed by the Agreement in Principle, signed by the Crown and Waikato-Tainui in 2007. The Guardians 

Establishment Committee was tasked with developing a Vision and Strategy to restore and protect the health and wellbeing of the Waikato River (see 

Appendix 2: Vision and Strategy for the Waikato River). Under the Committee’s Terms of Reference they are also required to “act as a governance group for 

the scoping study to identify rehabilitation priorities in relation to the Waikato River, identify the likely cost of priority activities, and provide useful 

background information to the establishment and operation of the Waikato River Clean-Up Trust.”
1
 

 

2.2 Membership of the Guardians Establishment Committee 

 

The Guardians Establishment Committee is comprises six appointees of the Crown, two appointees of Waikato-Tainui, and four appointees of 

representative bodies of other Waikato River Iwi (Tuwharetoa, Maniapoto, Raukawa, and Te Arawa). They are: 

 

      
Tukoroirangi Morgan 

GEC Co-Chairperson 

(Waikato-Tainui) 

Gordon Blake 

GEC Co-Chairperson 

(Crown) 

 

Linda Te Aho  

(Waikato-Tainui) 

Assoc. Dean, School of Law, 

University of Waikato 

Bob Simcock  

(Crown) 

Mayor, Hamilton City Council 

 

Dean Stebbing  

(Tuwharetoa) 

Advisor, Tuwharetoa Trust Board 

Roger Pikia  

(Te Arawa) 

Board Member, Affiliate Te 

Arawa Iwi  

                                                 
1 Guardians Establishment Committee, Terms of Reference, October 2008, http://www.river.org.nz/file/Terms-of-Reference.pdf 
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Traci Houpapa  

(Crown) 

Principal, THS & Associates 

Weo Maag  

(Maniapoto) 

Board Member, Maniapoto 

Trust Board  

Andra Neeley  

(Crown) 

Councillor, Environment 

Waikato 

Stephanie O’Sullivan 

(Raukawa) 

Environment Manager, Raukawa 

Trust Board 

Alan Livingston 

(Crown) 

Mayor, Waipa District 

Don Scarlet 

(Crown) 

Relationships Specialist, Mighty 

River Power  
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Appendix 5: Tuna 

1. Introduction 

The Waikato River supports New Zealand’s largest tuna (freshwater eel) fishery but 

the decrease in both the quantity and quality of the tuna has been highlighted as a 

major concern by iwi (NIWA et al., 2009).  

Historically puhi (variety of eel, Waikato-Tainui term) eel which consisted mainly of 

small downstream migrant (spawners) were intensely harvested with many paa tuna 

or eel weirs constructed on the outlet of most lakes and in tributaries of the Waipa 

and Waikato Rivers. These fishing sites once provided an important and reliable 

source of food and the base of many an alliance, feud and battle (e.g., Ligar, 1846; 

Hamilton, 1908). 

Today the fishery is largely undertaken on a commercial basis and dominated by 

shortfin eels (Anguilla australis) which make over 70 percent of the catch1. The rest 

of the catch is composed of longfin eel (A. dieffenbachii) with a very minor 

component of Australian longfin (spotted) eel (A. reinhardtii). The estuary, Waikato 

River main stem and the Waipa River are the major source of commercially harvested 

tuna (Table 1). Management of the fishery is currently the responsibility of the 

Ministry of Fisheries (MFish) who are bound, under the Fisheries Act 1996, to: 

“…provide for the utilisation of fisheries resources while ensuring sustainability”. 

Table 1: Mean annual catch of tuna for habitats within the Waikato River 1991–1995 (from 

Beentjes and Chisnall, 1997). 

Mean catch per year (tonne) 

Waikato River main stem 24.4 

Waipa River 10.3 

Waikato River estuary 7.5 

Waikato River hydro lakes 6.2 

Waikato River tributaries 3.3 

Other Waikato Basin rivers 2.8 

Whangamarino Swamp 0.4 

 

                                                      
1
 This current dominance by shortfins may not always have been the case as there is anecdotal evidence 

from commercial fishers that lowland virgin waters, like inland forested streams, were initially 

dominated by longfins. 
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North Island eel stocks were introduced into the Quota Management System on 1 

October 2004. There are four stocks for each of the species in the North Island with 

the Waikato falling into area 21 (Figure 1). Total allowable catches (TAC) in each 

management area are set under Section 14 of the Fisheries Act 1996 and are 

regularly updated “to ensure the best possible outcomes consistent with the purpose 

of the Act are produced” (MFish, 2009). In setting or varying any total allowable 

commercial catch (TACC) under Section 21 of the Act, the Minister of Fisheries has to 

take account of the TAC and allow for Maaori customary non-commercial fishing 

interest, as well as recreational interests and other mortality caused by fishing 

(MFish, 2009). Current allowances for area 21 are given in Table 2. 

 

Figure 1: Quota management areas for shortfin (SFE) and longfin (LFE) eel stocks in New 

Zealand as from 1 October 2004 (from MFish, 2009)  

Quota management areas are currently divided into 12 eel statistical areas (ESA) 

which provide finer scale recording of the commercial catch. The Waikato catchment 

falls into ESA AD which also includes the Mokau, Awakino, Morakopa and Raglan 

Harbour. Since 2003–04 the 12 ESAs have been further subdivided in to 65 sub-areas 

(broadly equivalent to catchments) with 17 sub-areas in ESA AD (Beentjes, 2008).  

Although there is robust recent information on the commercial eel catch from the 

Waikato down to a fine scale, traditional and other catches remain unknown. For the 

purpose of this assessment it has been assumed that the present customary take 

equates to 25 percent of the present customary allowance of 40 tonnes (i.e., 10 

tonnes) but is likely to be much less. 
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Table 2: Total allowable catch (TAC), customary, recreational, other sources of fishing related 

mortality and total allowable commercial catch (TACC) for eel in quota management 

area 21 (Waikato/Bay of Plenty). (SFE = shortfin eel, LFE = longfin eel) (from MFish, 

2009).  

Stock TAC 

(tonne) 

Customary 

allowance 

(tonne) 

Recreational 

allowance 

(tonne) 

Other sources of 

fishing-related 

mortality (tonne) 

TACC 

(tonne) 

SFE21 181 24 19 4 134 

LFE21 60 16 10 2 32 

Total 241 40 29 6 166 

Commercial harvest of eel in New Zealand began in the 1960s and peaked in the 

early 1970s at around 2000 tonnes (MFish records, Figure 2). Catch record statistics 

from eel return area AD, which includes the Waikato, have only been available since 

the 1983–84 fishing year (Figure 3). However, in 1980 the annual catch for the 

Waikato River was reported to be 400–450 tonnes (Todd, 1981). These records 

indicate that by 1984 the catchment catch had declined by half and continued to 

decline reaching a low of 86 tonne in 1988–89 (Figure 3). In the early 1990s 

commercial catches stabilised at around 150 tonne per annum but then increased to 

a peak of 300 tonne in 1996 (Figure 3). This short term increase appears to have been 

produced by an increase in the catch of longfins possibly because commercial fishers 

at the time targeted as yet un-fished waters. From 1997 onwards, catches gradually 

declined and are presently around 100 tonne per annum. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2:  Total New Zealand eel landings from 1965–2007/08. Estimated shortfin and longfin 

landings from 1989–90 to 2007–08 are also shown. The grey lines are for the period 

prior to the introduction of Eel Catch Landing Return forms and were generated by 

pro-rating the unidentified eel catch by the available longfin/shortfin ratio (from 

MFish, 2009). 
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Figure 3: Total estimated catch of tuna, and the proportion of longfin (LF) and shortfin (SF) eels 

in the commercial catch for the Waikato Basin. Data for 1983–84 to 1989–90 from 

Jellyman (1993); Data for 1990–91 to 1998–99 from Beentjes and Bull (2002). Official 

records after 2005–06 were not available at time of writing. Note: catches of longfin 

and shortfin eels prior to the 2000–01 season are estimates as not all catches were 

identified to species. 

As the total commercial catch declined so did the catch per unit effort (CPUE 

measured as the weight of tuna caught per net). For example, in Lake Waikare CPUE 

declined from 6.5 kg/net in 1977–78 to 1.37 kg/net in 1983–84. Overfishing was 

blamed for the decline (McLea, 1986) but this trend in declining catch was not only 

seen in the Waikato River, but countrywide (Jellyman, 1993). Apart from overfishing, 

continued loss and degradation of habitat2 as well as loss of access (notably barriers 

created by flood protection structures), are likely contributors to the decline. 

To compensate for losses of elvers (juvenile eels) at the bases of hydro dams, and 

utilise upstream habitat that was denied to these small eels, elver trap and transfer 

activities were implemented from the base of Karaapiro Dam to the upstream 

reservoirs in summer 1992–93 (Beentjes et al., 1997). All the Waikato reservoirs 

except Aratiatia are now seeded each summer under a permit issued by MFish. Since 

monitoring began catches of elvers have been relatively stable with around two 

million captured each year (Figure 4). In terms of the eel life cycle, however, the 

records are very short and there is strong evidence that elver recruitment has 

declined markedly within the last 50 years3. A nationwide decline in recruitment is, 

therefore, another likely reason for the decline in the tuna population of the Waikato 

River. A recent review of glass eel recruitment to the lower Waikato River (Jellyman 

et al., 2009) found some evidence of an earlier arrival season today than 30 years 

                                                      
2
 According to MacGibbon (2001), only 25 percent of the original wetland remains in the Waikato.   

3
 Cairns (1941) described a shoal of glass eels 4.5m wide, 2.5 m deep that took 8 hours to pass a point on 

the Waikato River. Such massive runs have not been seen since the 1970s. 
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ago, but also an overall reduction in recruitment. However, the Waikato River is still 

recognised as being the largest source of glass eels in New Zealand. 
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Figure 4: Total number of elvers captured as Karaapiro Dam 1995–96 to present. Note 

although the trap and transfer program began in 1993–94 comparable information is 

only available since 1995–96 (e.g., when the current trapping system was installed). 

Tuna have a complex life stage and are long-lived. As such they are a difficult fishery 

to manage, notably because the relative importance and interaction between 

habitat, recruitment, and fishing pressure have not been quantified. Furthermore, as 

there is no control on the life stages of tuna while at sea, the restoration of the tuna 

fishery has had to rely on activities that enhance the population while in freshwater. 

Four approaches could be taken to restore the Waikato tuna fishery.  

1. Restoring or creating new adult tuna habitat within the Waikato River. 

2. Restoring upstream passage by overcoming barriers created by 

anthropogenic upstream migration barriers notably those created by 

hydroelectric dams, floodgates, and tidegates so as to ensure recruits can 

reach the available habitats. 

3. Restoring migration downriver for adult spawners to maximise recruitment 

potential. 

4. Revising tuna catch regulations to maximise the return per recruit and ensure 

that sufficient adults reach sexual maturity. (These regulations will need to 

be applied, not only within the Waikato Catchment, but nationwide through 

catch limits, raahui and the creation of reserves. For shortfins there may 
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need to be coordination of control with Australian authorities in recognition 

that shortfins from Australia and New Zealand may be a single species; Smith 

et al., 2001.) 

1. Goals for restoration 

Potential goals for restoration could include: 

1. Development and implementation within the Waikato of a shortfin eel (A. 

australis) and longfin eel (A. dieffenbachii) Management Plan (including rules 

on harvest numbers and size) that permit the escapement to the sea of at 

least 40 percent4 of the adult spawners5 that would have existed before 

anthropogenic influences reduced the stock. Such a plan should also include 

consideration of the benefits or otherwise of harvesting glass eels and elvers. 

2. Restoration and creation of new adult tuna habitat in the Waikato River that 

would support a tuna stock equivalent to that currently harvested 

downstream of Karaapiro Dam (i.e., about 100 tonnes or 10 times the 

estimated traditional harvest of 10 tonnes).  

3. Overcoming all barriers to the migration of elvers into significant tuna 

habitats within the catchment and implement land and other management 

practices that maximise survival of recruits. 

4. Reducing the impact of migration barriers for adult spawners moving 

downstream, to ensure the escapement from the Waikato catchment meets 

the proposed Management Plan objective. 

2. Actions 

2.1 Management of the tuna fishery 

To restore the tuna culture within the Waikato River a tuna management plan with 

clear and realistic goals needs to be implemented. The plan will need to identify 

funding sources and will need to be drafted in conjunction with stakeholders so their 

aspirations, knowledge and concerns can be captured. The plan will need to be a 

living document that will take account of local, regional and national interest and 

identify information gaps and means of answering these. Tuna population 

monitoring, surveillance and policing will need to be an integral part of the plan.  

                                                      
4
 The 40 percent criteria is based on current European directive. 

5
 The commercial peak harvest of the 1970s gives a fair indication of the stock that existed prior to over-

harvesting and the collapse of Lakes Waahi, Whangapee and Waikare. 
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Action A: Develop and implement a Tuna Management Plan 

In conjunction with resource owners and managers, it will be essential to develop 

and implement a shortfin eel and longfin eel management plan that will aim to 

restore and maintain a sustainable tuna fishery in the Waikato. The sections that 

follow include some of the issues and actions that could be considered in the 

proposed plan. 

2.2 Restoration of habitat  

If a target of an additional 100 tonnes of tuna stock is set, some 2,500 ha of 

productive pond habitat6 would need to be created/restored. Consequently, to 

improve the tuna population, in addition to building new ponds, restoring and/or 

enhancing existing lakes and streams, and continuing to stock the hydro reservoirs 

will be required. Above all, it is also essential that no further degradation and loss of 

tuna habitat occurs. 

Other innovative measures that could be taken to increase tuna habitat but which 

are not developed in this assessment include: 

1. Iron sand mining near the river mouth (Glenbrook steel mill). Instead of restoring 

the mine workings to pine forest, create ponds and wetlands (e.g., create new 

dune lakes). Advantages are high quality input water and lack of connectivity for 

pest fish. (No cost or loss of productive land would be expected.) 

2. Sand mining operations. Promote sand mining where lakes, ponds and wetlands 

can be created once mining is complete. (No cost or loss of any additional 

productive land would be expected.)  

3. Open pit coal and rock mining. Maximise the creation of lakes and wetland as 

part of mine restoration practices rather than infill pits to restore pasture. (No 

cost or loss of any additional productive land would be expected.) 

4. Underground coal mining. Allow land subsidence for underground mines to 

create and/or restore wetlands, ponds and lakes. Compensation by the mining 

industry would be required. 

Action B: Restore lowland stream habitat below the Karaapiro Dam 

The Waikato catchment has an estimated 3,460 km of drains and managed 

waterways, the largest of any District/Regional Council in New Zealand (Beentjes et 

al., 2005). According to Hicks et al., (2004) fish biomass in productive lowland stream 

habitat ranges between 81 and 90 g/m2 with tuna making 96–99 percent of the 

                                                      
6
 Assumes a productive habitat can produce on average 40 kg/ha/yr, see Chisnall and Martin (2002) for 

raw figure.  
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biomass. Assuming an average drain width of 1 m, each 10 km of stream (equivalent 

to 1 ha of waterway) could potentially support at least 800 kg of tuna. 

There are various methods that could potentially be employed to improve stream 

tuna habitat:  

1. Increase the sinuosity and habitat diversity of lowland stream and farm drain. 

2. Improve water quality by reducing nutrient inputs (as long as this does not 

significantly reduce aquatic productivity). Tuna are relatively tolerant of poor 

water quality but some of their main prey species are not. 

3. Plant the northern banks of exposed streams running through farmland with 

trees and shrub cover to reduce macrophytic and emergent plant growth within 

the channels. (This would also reduce the need for drain clearing and would thus 

prevent the loss of eels through this process - see Beentjes et al., 2005.) 

4. In tidal reaches, restore some natural water level fluctuation (and hence flushing) 

to improve water quality upstream of flood gates. 

5. Encourage the retention of woody debris in stream channels. Note however that 

this may increase the risk of flooding in some situations. 

6. Ensure upstream and downstream passage within drains and waterways that are 

fitted with pumping stations. 

Of these potential methods for improving and increasing stream habitat for tuna, 

control of emergent and aquatic vegetation in small streams choked with vegetation 

is considered to be the most viable. Based on existing GIS data there are about 6,400 

km of riverine habitat within the Waikato River basin below Karaapiro Dam with a 

slope equal to or less than 3 percent (i.e., habitat that could be considered ideal for 

shortfins). Most of this habitat on dairy farms is expected to eventually be electric 

fenced to exclude livestock as part of the Dairying and Clean Stream Accord. 

However, only 38 percent of pastoral stream bank was fenced in 2007 in the Waipa 

River and Waikato River below Karaapiro Dam, and small streams and drains had the 

least proportion fenced (Storey, 2010). Enhancing this habitat would require planting 

along northern banks with tall trees and shrubs. 

When considering stream restoration as a mean of enhancing the tuna fishery it is 

important to note that Rowe et al., (1999) found that there were more than ten 

times as many shortfin eels in pasture as against forested streams and that their 

biomass was 30 times greater in pasture. They also found that there was little 

difference in longfin eel density between pasture and forested streams, but that 

longfin biomass was four times greater in pasture streams. Similarly, Hicks et al., 

(2004) reported that pasture streams were more productive shortfin eel habitats 

than forested ones. Consequently, partial riparian shade to stabilise banks and 

provide cover, without causing marked reduction in instream primary production, is 

required.   
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Action C: Enhance the population in the hydro reservoirs and tributaries 

Action C1 

Currently the most significant upstream migration barriers for elvers in the Waikato 

catchments are the hydro and water supply dams. Based on existing GIS records 

there are about 16,700 km of waterways between the river mouth and Huka Falls 

with about 6,700 km upstream of Karaapiro Dam. As tuna previously had relatively 

free access up to Arapuni Dam it is estimated that providing reliable recruitment 

upstream of Arapuni (as currently occurs through elver trap and transfer operations), 

would potentially allow the full colonisation of 5,400 km of ‘additional’ riverine 

habitat. It is not known how accessible these upstream habitats are, or how many 

tuna they could support, but stocking tuna upstream of Arapuni may add some 30 

percent ‘additional’ riverine habitat for tuna to exploit. On this basis it is 

recommended that the present catch and transfer of elvers from Karaapiro Dam to 

upstream habitats be continued. This, in effect, creates new tuna habitat above 

Arapuni that compensates for some of the lost habitat in the Waikato below this 

dam. It also helps to compensate for the reduction in the commercial tuna fishery 

below Karaapiro.   

Action C2 

At present around two million elvers reach Karaapiro Dam and are transferred to the 

reservoirs upstream. However, based on existing records, only about 2 percent of 

elvers transferred are eventually harvested. The reasons for this low “return” are not 

known but could include, slow growth, predation of elvers (e.g., by trout and shags) 

and losses that are known to occur because elvers continue to migrate to the next 

dam when released. Determining the cause of the losses needs to be investigated. 

Monitoring of the population is also essential to ensure optimum stocking rate and 

maximum gain. 

Actions C3 and C4 

Because of these losses, there may be an advantage in on-growing elvers in ponds a 

simple and cheap option as long as predators, including large tuna, are excluded) or 

intensive culture farms. To assess the effectiveness of such measures up to 40 

percent of the elvers reaching Karaapiro each year (i.e., 800,000 elvers) could be 

used in an initial trial without compromising existing seeding operations. If the 

bottleneck for tuna production in the hydro reservoirs is indeed a high mortality 

before the elvers reach 20 g, and that mortality thereafter is minimal, then it may be 

possible to increase the current harvest by at least 10 fold by on-growing the 

harvested elvers before release. Even if such an operation does not fully produce the 

expected gains, creating on-growing facilities should increase the output from the 

fishery. 
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Action D: Create ponds  

Small ponds typically contain about four times the density of tuna than large water 

bodies7. To create small ponds, marginal low lying pasture and gullies could be 

excavated and/or dammed, allowed to fill with water and converted to tuna habitat.  

Action D1 

Stock watering dams are productive tuna habitats and are relatively easy to construct 

with modern machinery. It is anticipated that these dams, or series of dams, would 

each provide about 2,000 m2 of open productive tuna habitat. Construction of some 

1,000 such ponds would add 200 ha of productive tuna habitat. However, many of 

these dams may need to be stocked with elvers, especially those constructed off-line 

and away from a stream channel. The main issue with this approach is that such 

waters generally occur on private land and public or river iwi access to the tuna stock 

created cannot be guaranteed or controlled. Where access is not available there is 

still value in creating ponds as they would effectively provide reserves for spawners. 

Action D2 

There are currently plans to restore 5–6 ha of tuna habitat by creating pond and 

wetlands on the left bank of the Waikato River at Huntly. This proposal could serve as 

a model for the contemplated restoration of some 500 ha of low-lying marginal land 

in the lower Waikato River. 

Action E: Move stop-banks to create larger flood plains 

Tuna make extensive use of land invertebrates during floods (Chisnall, 1987) and this 

periodic supply of terrestrial food source may provide a significant boost to growth 

and production. If so, the creation of stop banks and flood control measures has 

reduced such habitat and there may be potential benefits in increasing flood plain 

size by moving stopbanks, floodgates and pumping stations further back from the 

water channels. Removal or replacement of these structures would have significant 

ramifications and costs and therefore needs to be well justified. At present, the 

benefit of flood-plain feeding to tuna has not been quantified and research (e.g., 

comparison of isotopic carbon ratios in muscle tissue) would be required to 

determine the proportion of biomass originating from terrestrial (flood plains) as 

against aquatic (riverine) sources.  

                                                      
7
 Chisnall and Martin (2002) estimated the population of eels in small ponds (e.g., less than 2,000m

2
) at 

40 kg/ha while the estimate for large lakes like Waihora (Ellesmere) is around 9 kg/ha. 
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Action F: Partial restoration of shallow lakes for tuna habitat 

Lake Waikare was initially a productive tuna fishery with 85 tonnes reported caught 

from the lake in 1980 (Todd, 1981). It is now a relatively poor fishery. The exact 

causes for the collapse are not known but are likely to include: overfishing; lack of 

access for elvers8; the lowering of the lake as part of the creation of the existing flood 

protection scheme; drainage of the surrounding wetland; decreased water level 

fluctuation; a decline in water quality (affecting food resources); and increased 

competition for food from pest fish species (e.g., brown bullhead catfish, koi carp, 

rudd). Tuna have also declined in Lakes Whangapee and Waahi for much the same 

reasons. 

Comprehensive restoration of Lake Waikare (and/or the other lakes) would be 

challenging, because they are key parts of the Waikato Flood Protection Scheme. 

Provision of greater flushing flows from the Waikato River via the Te Onetea Stream 

may improve Lake Waikare but would require additional piping under State Highway 

1, widening of the access stream channel, and installation of additional water control 

gates (flow can reverse to the Waikato during periods of low river level). Other 

measures that could be taken to restore the tuna fishery in these lakes include the 

formation of wave barriers that would reduce the effect of wave action on sediment 

re-suspension and would double as additional littoral habitat. These wave barriers 

could be created by inserting rows of groynes (e.g., maanuka fences) and creating 

islands and causeways by the importation of rock and dredging of lake sediment. 

As none of these partial mitigation measures are proven, they are not considered 

further in the present assessment.  

If the shallow lakes in the Lower Waikato can be restored with macrophytes re-

established and pest fish eradicated or controlled then a large amount of tuna 

habitat would potentially be restored. One of the major issues with this scenario is 

how to prevent re-colonisation by pest fish notably during floods when river water 

backflows up the outlets and enters the lakes. For lakes such as Waahi which are now 

protected by stop banks and flood gates one could conceive a raised weir or bund 

with a pumping station which isolates the lake from the river at all but extreme flows.  

Such structures would, however, not only deny pest fish access back upstream but 

also pose recruitment problems for indigenous fish species. At present, a ramp fish 

pass could be readily designed to allow elvers, climbing galaxiids and piiharau to 

enter the lake yet exclude pest fish. However, research is required to develop and 

prove a design that could provide access for species such as iinanga, smelt, and 

mullet but not pest fish. In the absence of this, it is only possible to restore the lakes 

for tuna and this assumes that removal of pest fish is possible and warranted.  

                                                      
8
 Fish passage restored in 2003 by installing a fish pass adjacent to the control gate at the outlet of the 

lake. 
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2.3 Improved upstream passage and survival of juvenile tuna 

To restore the tuna population of the Waikato below the Karaapiro Dam, all 

anthropogenic in-stream barriers could be retrofitted or managed so as to maximise 

the upstream passage of elvers and minimise losses from fish and bird predation at 

the barriers. The only exception to this would be in catchments where providing 

passage for tuna would have a significant and demonstrable adverse affect on the 

existing biota (e.g., impacts on threatened galaxiid populations in the Mangatangi 

and Mangatawhiri reservoirs).  

Apart from dams, anthropogenic barriers to elver migration are created primarily by 

pump stations and perched culverts. Pump stations occur mostly in the lower 

catchment and have the greatest impact where there is no direct hydrological 

connection between the upstream habitat and the river downstream (i.e., 

recruitment is severely impeded). The number of pump stations that fit this category 

is unknown. 

There are also a large number of farm-track culverts that are barriers to fish at all 

flows and these could prevent tuna from colonising upstream habitat. The location of 

these is unknown (only a very small fraction of all culverts have been surveyed to 

date). 

Action G:  Remove restrictions on elver passage created by culverts 

Jones (2008) estimated that, of the estimated 3.6 culverts/100 ha in the Waikato 

Region, 36 percent or 1.3/100 ha were a barrier to all fish at all flows (i.e., to tuna as 

well as other species). As the catchment area for the Lower Waikato River below 

Karaapiro (excluding the major lakes) is approximately 6,500 km2, approximately 

8,500 culverts could be limiting elver recruitment upstream. Some of these culverts 

will be more serious barriers than others because they restrict habitat to a greater 

length of stream and/or are impassable at all flows. At present, the potential impact 

of individual barriers on elver recruitment is unknown and site-specific surveys would 

be required to locate and distinguish high from low priority barriers and to estimate 

the length of habitat presently not colonised by tuna. For the purposes of costing this 

action, it is assumed that 50 percent (i.e., 4,250) of the culverts could be a high 

priority. This action links with a similar one for banded kookopu (addressed in 

Appendix 6: Whitebait) but is more extensive as tuna have a greater inland 

penetration. If all the farm-track culverts restricting banded kookopu, are assumed to 

be replaced under that action, then the 4,250 culverts that need to be retrofitted for 

tuna can be reduced by 1,450 giving a total of about 2,800.   

The restriction for elver passage posed by perched culverts can be readily fixed 

through the retrofitting of a rope-based material to the downstream lip of the 
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culvert. This technology is already in use in Europe notably in Ireland and has recently 

been tested on banded kookopu migrants (David et al., 2009). However it is only 

suitable for small juvenile tuna less than 120 mm in length (i.e., glass eels and elvers).  

2.4 Provide passage downstream for spawning tuna 

In habitats with no safe downstream passage (e.g., reservoirs and catchments 

protected by pump stations) it is recommended that harvest be maximised to reduce 

the number of adults reaching sexual maturity9. However, as some habitat will 

remain unfishable and some adults will invariably escape capture, some spawners 

will attempt to pass through intakes. Capturing these tuna before they reach the 

intake is theoretically possible (see harvest section below) but so far has proved 

relatively ineffective in other catchments (Boubée et al., 2008). Consequently, the 

following actions could be considered: 

Action H:  Install downstream passage for adult tuna at pump stations 

Apart from a few Archimedes10 screw pumps, most of the 65 flood pump stations 

installed in the Waikato do not allow the safe downstream passage of adult tuna. To 

remedy the situation it will be necessary to install fine screens to prevent the tuna 

from entering the pumps (20 mm spacing or less). The screens need to be large 

enough so the through-screen water velocities remain below 0.5 m/s and do not 

cause the tuna to impinge on the screens. These screens will require automated 

screen cleaners to ensure their efficiency. Downstream passage may then need to be 

provided by installing at least one additional tuna friendly pump such as a ventura 

pump or an Archimedes screw pump at each station. Provision of such fish friendly 

flood pumps would allow the safe escape of adult spawners from an estimated 600 

km of waterways (i.e., 6 percent of the total length of waterways downstream of 

Karaapiro Dam).  

Action I: Screen hydro and water supply dams 

Action 1 

There is currently no safe downstream passage available for adult tuna spawners 

from the majority of the Waikato catchment reservoirs (hydro or water supply). 

Placement of fine screens (20 mm spacing or less) with a low through-screen velocity 

(0.5 m/s or less) in the form of a fish training wall could be used to shepherd migrant 

tuna into bypasses and/or onto holding). From there, the migrants could be passed 

safely below the last barrier or trucked and released there.  

                                                      
9
 Up to 8 percent of the stock are potential spawners in un-fished population vs. only 0.04 percent in 

fished populations (Beentjes et al., 2005). 
10

 These pumps are commonly used in the Netherlands to provide downstream passage for eels. 
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2.5 Harvest controls to increase the number of adult migrants going to sea  

Although largely un-quantified, there is little doubt that tuna recruitment has 

declined over the last five decades. To increase recruitment, more fish need to reach 

sexual maturity and out-migrate to spawning grounds at sea. This is a national 

(international in case of shortfins) issue but as the Waikato has the largest tuna 

fishery within New Zealand, it has a major part to play in the restoration. 

With the lower recruitment it is essential that survival of each recruit is maximised 

and that maximum production is obtained from each recruit (i.e., increase the 

permitted minimum harvest size11). In addition, large tuna notably longfins, are 

known to become piscivorous once they reach 400–500 mm in size. Retaining large 

tuna in the system, particularly the lakes, could exert some pressure on juvenile pest 

fish such as koi carp and rudd. 

Two other approaches to control harvest are possible. The creation of reserves free 

of any harvest is one and the implementation of a more restrictive maximum size 

limit is the other. 

Action J: Creation of reserves 

If Lake Whangapee is restored, the entire Lake Whangapee catchment could be made 

into a reserve free of any traditional, recreational or commercial tuna harvest. This 

lake was reported to have produced 60 tonnes of tuna in 1980 (McLea, 1986). This is 

about 15 percent of the total catch for the region at the time so would, if protected 

and enhanced, provide much of the proposed goal of providing for the escapement 

of 40 percent of adult spawners that would have existed with no anthropogenic 

influences. The remaining spawner escapement could be provided by banning 

harvest (commercial, recreational or traditional) in most if not all of the 1st and 2nd 

order streams within the catchment. Imposing more stringent maximum size harvest 

limit could also be used to reach the escapement goal (see section below) and would 

need to be carefully considered when the catchment’s tuna management plan is 

drafted. 

The loss of potential harvest resulting from these measures would be compensated 

by improving the fishery in the rest of the Waikato catchment. 

The creation of a tuna fishery reserve in the Lake Whangapee catchment would in all 

likelihood require the creation of regulations under the Fisheries Act and possibly a 

change in legislation to prohibit commercial and recreational fishing. Adequate 

policing of such regulations would be required and under the current Fisheries Act 

                                                      
11

 Under the current minimum harvest size limit it takes 4-5 eels to produce 1 kg of eel but this number 

would be smaller if the minimum size was increased. 
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such action is the responsibility of the Ministry of Fisheries. However, customary 

takes would also need to be considered and can potentially be controlled by a raahui. 

These issues and requirements would need to be addressed through the 

development and implementation of a tuna management plan (see Action A).  

Action K:  Change in the minimum and maximum allowable harvest sizes 

There is much uncertainty in setting harvest size limits to achieve restoration goals, 

and research is required, but as an interim measure and until robust supporting 

information becomes available the following harvest rules could be considered when 

the proposed tuna management plan is drafted: 

1. Except for the purpose of restocking, no tuna smaller than 450 g to be 

harvested from the catchment12. 

2. Except for the purpose of translocation downstream of migration barriers, no 

tuna larger than 2 kg to be harvested from the catchment 13. 

3. Except at sites specifically excluded in the proposed tuna management plans, 

all spawners (downstream migrant tuna) captured within the catchment are 

to be released to ensure their survival and where necessary (i.e., in reservoirs 

with no safe downstream passage, upstream of flood pumps, and in 

landlocked lakes/ponds) transported downstream of migration barriers. 

It is recognised that such suggestions would have significant and immediate 

implications for the traditional and commercial harvest of tuna and there would be a 

substantial reduction in harvest for several years until tuna achieved the larger 

average size. Development and implementation of such proposed changes would be 

the responsibility of the Ministry of Fisheries and may need to be staged over several 

years to allow the fishery to adjust. 

3. Outcomes 

Some of the potential actions considered above are not feasible at present because 

their success is dependant on research to prove the concept, or there are issues over 

governance and access that limit harvest. For example, an increase in the number of 

farm ponds would result in more tuna habitat in the Waikato River but unless 

accessible by fishers would be of no immediate benefit in terms of harvest. These 

non-harvested ponds would nevertheless provide a significant source of spawners 

                                                      
12

 A vent size in fyke nets of 31 mm (currently 25 mm) would allow this target to be met. Such a simple 

change has the potential to increase harvest weight for the same number of eels captured by 25–30 

percent. 
13

 The current limit is 4 kg but very few eels larger that 2 kg are caught at present so the impact on 

commercial fishers would not be substantial. 
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and so would have long-term benefits to the fishery. Similarly, the value of flood 

plains as a key feeding habitat for tuna requires confirmation before plans to 

reposition or remove flood banks can be considered. If these actions are excluded, 

then execution of the feasible ones would result in three major outcomes. These 

would be; (1) the creation of new or better tuna fisheries in the lakes and streams 

above the hydro dams; (2) an increase in lowland stream habitat capable of 

supporting tuna and accessible to them; and (3) an increase in the escapement of 

spawning tuna to sea to help increase recruitment nationally. 

4. Risks and probability of success 

4.1 Managing for a sustainable fishery (Actions A, J and K) 

Harvest limits as well as the creation of reserves will require changes to the present 

fishery legislation and may require quota compensation/adjustment. Above all, such 

measures will require control and enforcement. The major risk with this approach is 

associated with the need for legislative change that may have ramifications for other 

regions of New Zealand and attract opposition from tuna stakeholders outside the 

Waikato. 

4.2 Restoration of tuna habitat in streams (Action B) 

The total kilometres of stream that are currently uninhabitable for tuna because of 

prolific vegetation growth and/or poor water quality associated with this, are 

unknown. Furthermore, many of the weed problems in such streams may not be 

resolved by riparian planting on the northern side alone. It is therefore not possible 

at this time to quantify the increase in stream habitat that will result from riparian 

tree planting. However, it is known that small, open streams can provide good 

habitat for large numbers of tuna and that better management of the instream 

vegetation will provide good tuna habitat. Such management will produce a clear 

benefit to tuna, but because tuna are slow growing and long lived it will take a 

decade or more before measurable effects are seen. 

4.3 Enhance the population in the reservoirs and tributaries (Action C) 

The trap and transfer operation at the Karaapiro Dam has allowed elvers to be 

captured and stocked into the hydro reservoirs. This has resulted in the development 

of fisheries in the reservoirs and possibly in the tributary streams. At present catch 

rates are relatively low and the reasons for this need to be determined. It may be 

that stocking practices need improvement, or that the tuna are too small and need to 

be on-grown to increase survival when stocked. Research is therefore required to 

identify how to enhance the stocking. If mortality soon after stocking is the main 

limitation, then the culture method may improve survival. The method is however 
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untested in New Zealand and lack of seed stock and the high cost have failed to 

produce the desired results in Europe (and has been virtually abandoned in 

Australia).  

Another major risk with this approach is the uncertainty about continued supply of 

elvers at the base of the Karaapiro Dam. Although the number of elvers translocated 

has been relatively stable in the last 10 years, it is not known if present catches will 

be sustained in the foreseeable future.  

Another risk is that there will be additional adult spawners entering the turbines and 

killed. There will inevitably be a public reaction against such losses so management of 

the fisheries in these reservoirs needs to ensure a high harvest rate. 

The issue of glass eel harvest and establishment of a tuna aquaculture industry 

should also be considered. Currently it is not possible to artificially produce seed 

stock and establishment of tuna farming venture in New Zealand (or with partners 

overseas) would invariably require access to Waikato River glass eels.  

4.4 Creation of tuna ponds (Action D) 

The construction of ponds is relatively straightforward from an engineering point of 

view, especially where these ponds are off-line (i.e., not across a stream channel) or 

on ephemeral streams. The Waikato Regional Plan has a permitted activity rule 

allowing (with conditions) creation of farm dams in the bed of ephemeral rivers or 

streams, where: the catchment area is less than one square kilometre (100 hectares), 

and the maximum water depth of the pond is less than three metres, and/or the dam 

retains not more than 20,000 cubic metres of water. Larger dams require resource 

consents.  

There is a risk in that the supply of elvers for such ponds may be limited. At present, 

the elvers that accumulate at the base of the Karaapiro Dam would provide the main 

source, but the bulk of these may be required for stocking the hydro reservoirs, 

leaving few for stocking ponds.   

For ponds built within stream channels, recruitment of elvers would not be a 

limitation provided an elver ramp is constructed to allow them to climb the weir. 

However, such in-line dams and ponds can impact on the upstream passage of other 

fish (e.g., iinanga) and consents for such dams may be harder to obtain than for off-

line dams.  

This aside, there are some large expenses of marginal, lowland pasture close to the 

banks of the Waikato where excavation could be used to create suitable pond habitat 
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for tuna. This assumes that the land is either already in public ownership or can be 

purchased.   

The site-specific issues affecting pond creation mean that potential locations for tuna 

ponds in the Waikato River catchment cannot be determined at present. Hence the 

total area of pond habitat that can be created cannot be calculated.   

4.5 Elver recruitment past culverts (Action G) 

The location of culverts posing barriers to elver upstream migration needs to be 

determined before culverts to be replaced or retrofitted can be identified. Most of 

the culverts affecting elver passage upstream will be associated with farm tracks and 

therefore occur on private property. Access to these sites may therefore be a 

limitation. Regular maintenance of simple retrofits, notably of the rope ladders, will 

be required and this may constrain the long term use of such technology. A 

permanent fix would require replacement of perched culverts with larger ones but 

this would not be economically justifiable except where a culvert blocks access to a 

large amount of tuna habitat.  

4.6 Creating downstream passage for tuna (Action H and I) 

The screening of water intakes at hydropower stations is technically feasible 

(although extremely expensive), but the shepherding of tuna into holding pens or 

bypasses is more problematic and dependent on specific characteristics of the dam. 

Although such technologies have been specifically designed for and worked for some 

fish overseas (notably salmonids), success cannot be guaranteed at all sites.  

The creation of passage for downstream migrants over weirs at pump stations 

through the use of Archimedes screws or Ventura pumps is more feasible and are 

already in place in Europe. The major risk with this approach involves blockage of the 

inlets with debris, which can be overcome through careful monitoring maintenance 

and coarse screening. 

5. Costs 

5.1 Management Plan (Action A) 

Developing and implementing a robust tuna management plan that takes account of 

the aspirations of stakeholders and robust science (traditional and modern) will most 

likely take five years. Resource requirements to develop a proposed plan are 

anticipated to be 0.5 of an FTE (full time equivalent) per year at an estimated annual 

operational cost of $125,000. Implementation of the plan thereafter is expected to 



 
 

19 

also take 0.5 of an FTE but will be dependent on legislative implications. It will not 

possible to determine the cost of policing and monitoring until the draft plan is 

complete.  

5.2 Restoration of stream habitat (Action B) 

It is apparent that many lowland streams contain reaches where the habitat for tuna 

has been lost because of heavy emergent and submerged weed growth. Shading 

from trees and tall shrubs (planted on the northern side) can help reduce this, but 

channel excavation, mowing and spraying will continue to be necessary in some 

reaches. 

Assuming a 2 m wide riparian strip (required for shade trees only on one side), the 

cost of planting is estimated at about $2,000/km. Fencing is in theory already in place 

on Fonterra-supplier dairy farms under the Dairying and Clean Stream Accord. 

However most of this is single hot wire and would not provide permanent protection.  

Cost of re-fencing is estimated at $18,000/km for a post-and-batten fence and 

$5,000/km for multi wire electric fencing. The loss of farmland (assuming a fence is 

already present 1m away from the stream bank) is estimated to be $1,000/km. The 

minimum total capital (including loss of pasture land) is therefore over $8,000/km of 

stream. There will also need to be an annual maintenance cost of $4,000/km/annum 

for 4 years to allow the planting to fully develop.  

The length of stream to which this cost would apply is not known at present and 

would require site surveys to determine. However, the total length of stream habitat 

for shortfin tuna below Karaapiro is estimated at 6,400 km, of which 25 percent 

(1,600 km) may be suitable for riparian planting to provide shade and reduce 

vegetation in the stream channel. On this assumption the minimum capital cost 

would be $12.8 million, with an annual maintenance cost of $6.4 million over 10 

years. Total cost over a 30 year period is estimated at $76.8 million. 

5.3 Elver trap and transfer programme at Karaapiro (Action C) 

Actions C1 and C2 

The annual cost of the trap and transfer programme at Karaapiro is currently in the 

order of $20,000 per year. This is currently being met by the Eel Enhancement Co. 

but Mighty River Power also maintains the trapping facility. Monitoring is done by 

MFish as part of their population monitoring and reporting commitments. There is no 

requirement (e.g., though resource consents) for long term maintenance operation 

or monitoring of the current facilities and programme (estimated at $60-80k/yr). 

Similarly there is no provision in place for new work to improve the stocking regimes 

so that the developing fishery is fully extended (estimated at $150k/yr). This will be a 
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key step in maintaining and preferably enhancing the tuna fishery above the hydro 

dams to compensate for losses downstream. Total cost over a 30 year period is 

estimated at $6.9 million. 

Actions C3 and C4 

If research were to establish that the on-growing of tuna before stocking into the 

reservoirs significantly improves survivorship and hence catch rates, culture of elvers 

would be required. The set-up costs for this are estimated to be $1.3 million with on-

going maintenance costs of $0.55 million per year. Total cost over 30 year period is 

estimated at $17.8 million. 

5.4 Creation of more pond habitat for tuna (Action D) 

Action D1 

The creation of 200 ha of pond habitat for tuna would require the construction of 

1,000 ponds with a mean surface area of 0.2 ha. A riparian buffer will be required 

around each pond so each pond will require 0.6 ha of land to be retired. The 

estimated cost of building these farm ponds is estimated at $28.3 million (includes 3 

year of maintenance after construction but not land or loss of production costs). 

Action D2 

The excavation of 100 x 5–6 ha low-lying wetland to create ponds is estimated at 

$72.5 million. This cost includes an initial 10 year of maintenance but assumes that 

the area to be restored is either non productive or already in public ownership.  

5.5 Move stop banks (Action E) 

It is not possible to cost this action until a full assessment and research is complete. 

5.6 Partial restoration of shallow lakes (Action F) 

Lake restoration is addressed in Appendix 12: Shallow Lakes but it is also noted that 

for Lake Waikare, the estimated cost of widening the Te Onetea Stream (including 

installation of new flood gate and culvert under State Highway 1) is estimated at 

$0.7M. The cost of installing wave barriers in the lakes is estimated at $1.7M per km. 

5.7 Upstream passage at culverts (Action G) 

It is estimated that 4,250 culverts under farm tracks could provide a barrier to elver 

upstream migration. Some 1,450 of these would need retrofitting to enhance banded 

kookopu (whitebait species) and once modified for these would also allow free 
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passage for elvers. The benefits of such actions is unknown as the quantity and 

quality of the habitat is unknown. 

Retrofitting overhanging culverts to allow elver passage upstream is relatively 

straightforward and involves attaching a length of frayed rope or similar to the lip of 

each culvert and allow this to hang into the pool below. Retrofitting is estimated to 

cost in the order of $700/culvert giving a total cost of $1.9 million.  

5.8 Increased spawner escapement (Actions H–K) 

Action H 

The addition of tuna passage to pump station weirs via ventura pumps or Archimedes 

screws will allow spawner tuna to surmount the weirs and migrate to sea. The cost of 

such devices varies depending on size of the installation but could reach $1.5 million 

at the larger sites. Retrofitting all 65 pump stations could therefore reach $96.5 

million. Because of the high cost it will be important to assess each site and 

determine the relative gain from retrofitting each station. Furthermore, in some 

cases safe passage may be possible with a simple and partial retrofit. 

Action I 

The screening of hydro dam intakes at eight dams to protect tuna from entering the 

turbines is a major expense and is estimated to cost approximately $600 million. The 

cost of setting up appropriate bypasses and collection facilities for tuna at each dam 

will be site specific but are expected to be in the order of $50 million. Cost of 

transporting the tuna downstream is estimated at $70,000 per year.  

Action K 

Estimating costs for increasing the escapement of tuna has not been determined as 

this would involve a change to the legislation by the Government. Creation of reserve 

areas (i.e., no fishing zones) for tuna may also require legislative change and the 

purchase of quota (as compensation for loss of access to part of the fishery). Neither 

of these actions can be readily costed at present.  

6. Cost comparisons 

A summary of cost for the proposed mitigation action are shown in Table 3. By far 

the most expensive of these is screening of the hydro intakes. 
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Table 3: Comparison of estimated costs for the proposed restoration actions that can be 

costed, and the distribution of these by region. 

Action Description Total costs including capital and 

operational ($millions) 

  Upper Mid Lower Waipa Total 

A Management plan 0.95 0.95 0.95 0.95 3.8 

B Restore stream habitat 0.0 8.0 50.8 8.0 76.8 

C1+C2 Reservoir seeding and monitoring 6.9    6.9 

C3+C4 On-growing facilities 17.8    17.8 

D1 Create farm ponds 4 7 7.3 10 28.3 

D2 Restore lowland ponds  10 60.0 2.5 72.5 

G Culvert  0.3 1.2 0.4 1.9 

H Flood pumps   96.5  96.5 

I Hydro screening 600    600 

 

Table 4 shows the least to the most expensive action in terms of total discounted 

capital and operational costs for tuna restoration. Capital costs are assumed to occur 

in the first year (2011), whereas operational costs are occurring on an annual basis 

until 2040, unless specified differently. Capital and operational costs are discounted 

at 8 percent to give the present value of costs14. Some costs will not change from the 

above as only capital costs are considered for that option and they are assumed to 

come in year 2011, therefore do not need to be discounted. 

                                                      
14

 Present value is the value on a given date of a series of future payments, discounted to reflect the 

time value of money and other factors such as investment risk. 
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Table 4: Total discounted costs of all actions. 

Action label Action Method Total cost 

discounted 

at 8 percent 

($million) 

Units 

G Retrofit culverts Add climbing media $1.86 2,800 culverts 

C1+C2 Hydro seeding Transfer elvers to reservoirs $2.59 600 tonnes  

A Management Develop plan $3.76 30 years 

C3+C4 Aquaculture On-grow elvers for release $7.75 384 tonnes  

D1 Farm ponds Dam gullies to create ponds $25.97 1,000 ponds 

B Lowland stream Plant riparian margins $54.80 1,600 km 

D2 Lowland ponds Excavate and bund $75.12 100 ponds 

H Pump station passage Screen and install fish pumps $96.53 65 pumps 

I Screen hydro intakes Design, build, fix to intake $600.00 8 dams 

In order to provide a better overview, the total and unit costs for all actions are 

shown in Figure 5. 
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Figure 5: Comparison of total and unit costs of all actions (discounted at 8 percent). 

 

Only some actions could be related consistently to an environmental outcome for 
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restore tuna at a low cost per tonne, whereas actions D1, D2 and B are more 

expensive (by a factor of 10) when compared to action A (Figure 6). 

Table 5: Relative cost of actions per tonne of tuna restored. 

  

Action Estimate gain 

(tonnes) 

Relative cost 

$/tonnes 

Total cost 

discounted 

at 8 percent 

($million) 

A 
Management plan drafting 

and implementation 
100 $1.3 $1.9 

C1+C2 
Seeding of hydro reservoirs 

and monitoring 

                       

15  
$4.3 $3.8 

C3+C4 On-growing (Aquaculture) 20 $20.2 $7.7 

D1 Create farm ponds  12.8 $108.2 $26.0 

D2 Restore low-lying ponds 8 $120.8 $54.8 

B  Restore stream habitat 20 $121.8 $75.1 

 

  

Figure 6: Total and relative cost of actions per tonne of tuna restored. 

6.1 Summary of cost analysis 

In terms of total and unit costs (without considering the environmental outcome 

achieved), actions G (retrofit culverts), C1+C2 (hydro seeding and monitoring), A 

(management plan) and C3+C4 (aquaculture) are relatively more cost-effective than 

the other actions. When restoring tuna, these actions should be given priority when 

considering cost-efficiency. 
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Based on an analysis of relative gain ($ per tonne of tuna restored for six actions) 

three actions clearly stand out: development of a management plan (action A) hydro 

reservoir seeding (action C1+C2) and on-growing (C3+C4) (Table 5). There would, 

therefore, be most benefit in ensuring that these actions are carried out to maximum 

effect. The total investment required for these three actions is in the order of $13.4 

million over 30 years (discounted at 8 percent). 

Modifying current harvest rules to maximise return per fish is another obvious means 

of improving returns from the fishery and this will need careful consideration when 

drafting the proposed tuna management plan. 

All the other actions will ensure the sustainability of the fishery and could be 

considered as part of best practice guidelines for the catchment. Because of the very 

high cost and the problem of macrophyte build up involved in screening the hydro 

intakes, it is considered that it would be best to maximise tuna harvest in the 

reservoir rather than retrofit each station. Should this action be judged insufficient 

then installing less effective intake protections devices (e.g., electric barriers) and 

bypasses/trap systems for spawners could be considered at key sites (i.e., possibly 

Karaapiro and Arapuni (the two lowermost dams) and Ohakurii (the largest and most 

productive reservoir)). 

7. Baseline  

At present, the statistics for annual tuna harvest in the Waikato River provide the 

best baseline against which the success of actions to increase tuna fisheries can be 

judged. A sustained (for more than 15 years) increase in the present 100 tonnes 

harvest would be the best means of determining if the enhancement measures 

undertaken have been successful. Harvest indicators like average size and catch-per-

unit-effort would also need to be monitored (with harvest locations specified to a 

much finer scale than at present). It is also recommended that the number of tuna 

and their size distribution be measured at a number of key locations (e.g., sites 

where traditional harvest took place) every five years. However, these measures will 

be initially impacted by size restrictions on tuna catches and can be expected to 

result in a reduced commercial harvest of smaller tuna over the next decade. It may 

therefore take several decades for the effect of the actions listed above to result in a 

detectable increase in tuna catches. This, of course, assumes that catches are not 

influenced by changes in recruitment from the sea related to extraneous factors (e.g., 

climate variation and effects on oceanic currents and marine spawning grounds).     

Measurement of tuna catches by MFish currently does not encompass recreational 

and especially traditional takes. A baseline would need to be established if changes in 

the traditional take of tuna are to be measured (e.g., marae-based annual surveys).  

A means of measuring success would be to use traditional paa tuna methods of 
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harvesting downstream migrating tuna (spawners) to quantify the number of out-

migrants. 
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Appendix 6: Whitebait  

1.  Introduction 

The decline of whitebait fisheries in the lower Waikato River has been identified as a 

key concern for Maaori (NIWA et al., 2009). Recovery of the whitebait fishery is 

therefore an important restoration goal for the lower Waikato River. It has also been 

established that a significant decline in kookopu harvesting has occurred in the upper 

Waikato River catchment, particularly in the river and streams below Lake Taupoo 

and mostly above Aatiamuri.  

Because the upstream migration of eels (and hence all other fish species) in the 

Waikato River was historically blocked by a chute and/or rapids near Maungatautari 

(Hawes et al., 1998), the kookopu caught in the catchment above this point will have 

been adult kooaro, Galaxias brevipinnis, from Lake Taupoo. An abundant, landlocked 

population of this ‘whitebait’ species occurred in both Lake Taupoo and Lake 

Rotoaira in pre-European times, with these lakes acting as an inland sea for the 

development of larvae to the whitebait stage (Rowe, 1993; Rowe et al., 2002). 

Movement of larvae and older fish down-river will have continuously populated the 

upper reaches of the Waikato River and given rise to the kookopu historically 

harvested there. However, with the introduction of trout, and then smelt, the kooaro 

population in Lake Taupoo declined to the point where this species is now rarely 

found in the lake and is confined to a few small inlet streams (Rowe, 1993). This 

decline, which started around 1900 and was completed by 1950, means that the 

upper Waikato River and its tributary streams are no longer colonised by kooaro 

from Lake Taupoo and this recruitment failure will have resulted in the decline of 

kookopu harvesting there. As the introduction of trout and smelt to Lake Taupoo 

cannot be reversed, the restoration of kookopu in the upper Waikato River and its 

tributary streams is no longer possible, unless kooaro are grown in a hatchery and 

then stocked into these waters.   

In a recent review of the whitebait fishery in the lower Waikato River, Baker and 

James (2010) compared the annual catch estimated from commercial buyers records 

between 1930 and 1990 (Figure 1). Although there was some evidence of a decline 

between 1950 and 1980, more recent data suggest that the fishery has improved. 

But these figures are highly variable and are of limited value for assessing the status 

of the fishery. For example, the decline in commercial purchases after 1955 is likely 

to represent the increased use of freezers by whitebaiters to preserve and hence 

retain their surplus catch. Similarly, the increase in total catch after 1985 could well 

represent an increase in commercial trading caused by the increased popularity of 

whitebait in the restaurant trade and the high prices paid. Because annual purchases 

of whitebait will reflect fluctuations in demand and supply as well as annual 
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variations in the catch, Baker and James (2010) concluded that these historic catch 

statistics are of limited use and that whereas an historic decline in the fishery has 

probably occurred, the magnitude and timing of this change is unknown. Their 

conclusion that a decline in whitebait has probably occurred in the Waikato River is 

supported by anecdotal information of whitebait fishery decline from around New 

Zealand as well as in the Waikato (e.g., Hayes, 1931; McDowall, 1984). It can also be 

inferred from knowledge of habitat decline in the Waikato River catchment.  

 

 

 

 

 

 

 

Figure 1:   Estimated annual total catch of whitebait from the Waikato River (galaxiids plus 

smelt) based on catch records from Marine Department records (1931–1973), an 

Auckland canning factory (1958–1963), and commercial buyers records (1975–1990). 

Figure from Baker and James (2010).   

The recovery of the fish stocks underpinning this fishery is therefore required but is a 

separate issue to management of whitebaiters. Over-fishing was noted by some 

stakeholders as an important issue, but recent studies on the escapement of 

whitebait past whitebaiters nets in the Mokau River have indicated that escapement 

is high (>70 percent) and that over-fishing of the stocks is not affecting recruitment 

of juveniles to adult habitats (pers. comm., Dr C. Baker, NIWA). This supports an 

earlier contention by McDowall (1984) for a number of the larger, South Island west 

coast river fisheries. Escapement appears to be greater in large, wide rivers such as 

the Waikato where the whitebait can more easily evade whitebaiters nets by 

swimming in midstream or in deeper waters. Overfishing is therefore not a major 

management issue in the Waikato, but it is apparent from Department of 

Conservation (DOC) reports, and the media, that conflicts between whitebaiters are 

increasing. As the number of people fishing continues to increase, conflicts will arise 

because of a shortage of fishing sites along the river banks. This issue requires 

management of the whitebaiters and does not affect restoration of the fish stocks. It 
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is therefore a ‘governance’ issue requiring better education and management of 

whitebaiters behaviour by the fishery managers (currently DOC). Issues relating to 

stand ownership, use by others, and spacing are currently addressed by regulations 

that cover the whole of New Zealand. However, North Island versus South Island 

differences are included in these and it would be possible to develop regionally 

specific, customised regulations for whitebait fisheries in a very large river such as 

the Waikato. However, this presupposes a consultative process for identifying the 

overarching goals for management of the Waikato whitebait fishery and then the 

preparation of a review report to identify potential regulatory changes needed to 

meet these. This process is beyond the scope of actions designed to restore the fish 

stocks and as such is not addressed further in this report.  

In New Zealand rivers, whitebait fisheries are based on the juvenile, upstream 

migrant phase of five species of galaxiid fish (McDowall, 1990). The main species is 

iinanga (Galaxias maculatus) and its proportion typically ranges from 70 to 100 

percent of the total catch (McDowall and Eldon, 1980; Rowe et al., 1992). All other 

species combined contribute least in rivers where the catchment is dominated by 

pasture and most in the rivers where conversion of forest to pasture has been 

minimal (Rowe et al., 1992).  

In the Waikato River catchment, where lowland forest has been largely replaced with 

pasture, iinanga comprised more than 85 percent of the galaxiids between 1984 and 

1985. Banded kookopu (Galaxias fasciatus) contributed 7.2–14.6 percent of the 

catch, whereas the next most common species (kooaro, Galaxias brevipinnis) 

accounted for only 0.1–02 percent of the catch (Stancliff et al., 1988). Historically, the 

proportion of all climbing species (i.e., banded kookopu, kooaro, shortjaw kookopu 

and giant kookopu) will have been much higher in the Waikato River fishery than it is 

today because these species are all vulnerable to loss of forest cover, which has been 

extensive. The climbing species have also been affected by dams at Karaapiro, 

Mangatangi and Mangatawhiri. Although removal of all dams and re-afforestation of 

all hill-country catchments would increase the abundance of the climbing galaxiids in 

the Waikato, their contribution to the whitebait fishery would still be lower than that 

of iinanga and likely to be in the order of 20–30 percent. Nevertheless, the current 

catch of banded kookopu is not negligible and it can be increased.  

The role of poorohe or smelt (Retropinna retropinna) in the whitebait fishery is 

somewhat unique to the Waikato River. Historically the catch has included large 

quantities of smelt which are not regarded as whitebait in other rivers. These fish 

were sold as No 2 rather than No 1 whitebait in the Waikato because they have a 

strong ‘cucumber-like’ smell and flavour that overwhelms the subtle taste of galaxiid 

whitebait. Consequently, most fishers exclude smelt from their catches. Although 

commercial buyers of whitebait in the Waikato River purchased 1–2 tonnes of smelt 

per annum between 1974 and 1985, when galaxiid-based whitebait was relatively 
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scarce (Stancliff et al., 1988), catches of smelt have declined in recent times.  

Between 1990 and 2005, annual purchases of smelt were less than 0.25 tonnes per 

annum (Baker and James, 2010) and as this decline was not due to a drop in smelt 

abundance in the river, it reflects the decreased importance of smelt in whitebait 

catches. Smelt is therefore not a target species for restoration although it should be 

noted that there has been a decline in lacustrine (landlocked) smelt in the lowland 

lakes (Ward et al., 2005). Restoration of the water quality in these lakes will help 

restore these landlocked populations (i.e., the return of lake-dwelling versus sea-

going stocks of smelt would be a co-benefit of lake restoration). Iinanga and banded 

kookopu are therefore the two main target species for restoration of the whitebait 

stocks in the Waikato River.  

Although a number of potential factors have combined to reduce iinanga and banded 

kookopu in the Waikato River stream network (e.g., wetland drainage, deforestation, 

lake water decline, trout predation, pest fish increase, flood protection works, 

culverting), the main factor is thought to be habitat loss (McDowall, 1984; Stancliff et 

al., 1988; Baker and James, 2010). In particular, a large proportion of the habitat for 

iinanga has been lost through wetland drainage (Table 1).  

Table 1:   Extent of wetland loss in the Waikato River catchment (after Cheyne 1981).   

 Area of wetland present (km2) % reduction 

 c. 1840 1976  

Waikato        64.8       10.9 83.1 

Waipa        37.6         0.1 99.6 

Total      102.4       11.0 89.0 

Iinanga have also declined in the riverine lakes. For example, iinanga abundance in 

Lake Waahi today is only 2 percent of that in Te Waihora (Lake Ellesmere) (Rowe and 

Kelly, 2009). As the lakes in the lower Waikato River contain a large amount of 

potential iinanga habitat (Waikare, Whangapee, Waahi and Rotongoro have a 

combined area of 54 km2), loss of high quality, still-water iinanga habitat in the 

Waikato River catchment has also been substantial. 

In addition, still and slow- flowing habitat in the streams has been degraded as a 

consequence of the conversion of forested catchments to pasture and the removal of 

riparian trees and other, lower-growing vegetation (apart from grasses) from the 

stream banks. Richardson and Taylor (2002) produced a guide for iinanga habitat 

restoration and noted that marginal, emergent and aquatic vegetation were key 

components of iinanga habitat. Richardson (2002) showed that iinanga abundance 

declined dramatically in a small stream after all marginal and instream cover was 

removed. Restoration of such cover, especially in small streams where bank 
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vegetation is limited to pasture, will improve habitat and therefore increase iinanga 

abundance. 

Spawning habitat for iinanga along the main river stem has also been lost as a 

consequence of changes in riparian vegetation related to farming practices (Hayes, 

1931; Mitchell, 1990). This is believed to be one of the main limiting factors for 

whitebait in the Waikato River (Stancliff et al., 1988; Baker and James, 2010). 

Spawning habitat is a ‘life history’ choke-point for iinanga in most rivers because it is 

confined to a relatively short length of river/stream bank above the influence of salt 

water intrusion but below the upper limit of tidal influence on river water level.  

Within this restricted length of river, egg laying habitat currently occurs over short 

reaches of stream bank with a shallow slope and the types of marginal, low-growing 

vegetation that have a thick matrix of stems close to the ground (Taylor, 2002). 

Iinanga spawning habitat is therefore limited in most rivers and is highly vulnerable 

to changes in channel morphology and bankside vegetation related to human 

activities (e.g., flood protection works, stock access).  

Reports of iinanga spawning in historic times indicated that in many rivers it occurred 

on a large spatial scale within the area of the river affected by tides. Eggs were laid in 

salt, brackish and freshwater over a wide range of vegetation types (McDowall, 1984) 

suggesting that when adult numbers are very high, even suboptimal spawning 

habitat was used. At present, there are large amounts of intact spawning habitat in 

the Waikato River that are sparsely used (Mitchell, 1990). This suggests that adult 

abundance rather than spawning habitat may be limiting. If so, an increase in adult 

iinanga numbers maybe more useful and important for fishery restoration in the 

Waikato River that the restoration of spawning habitat.  

Restoration of the whitebait fishery in the Waikato will therefore also depend on an 

increase in both the stream and lake habitat required for the growth of juveniles to 

adulthood (i.e., adult habitat). However, an improvement in the habitat for other 

whitebait species (i.e., banded kookopu) could add significantly to this. In the first 

and second order streams in hill country, the main change affecting the habitat of the 

climbing species of whitebait has been deforestation and loss of the tree canopy over 

the streams. Cheyne (1981) indicated that c.1840, the area of indigenous forest in 

the Waikato Rover catchment at altitudes lower than 300 m was 352.3 km2, and that 

this was 67 percent of the original cover present. However, by 1976 forest cover had 

been reduced to 57 km2, or 15 percent of the original cover. This impact will have 

been compounded by the subsequent loss of instream cover habitat that was once 

provided by fallen logs from the forested stream margins and which no longer occurs. 

Provision of more adult habitat for banded kookopu would therefore help improve 

the whitebait fishery. It would also deliver significant co-benefits for downstream 

water quality in the river and for the proliferation of a wider range of other native 

species. 
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Full restoration of habitat for iinanga and banded kookopu in the Waikato River 

would result in a larger population of adults. But this increase in adult fish numbers 

would not necessarily guarantee an increase in the whitebait fishery. This is because 

juvenile whitebait that enter the Waikato River from the sea come from a ‘marine 

pool’ of fish that includes those from other west coast North Island rivers. Full 

restoration would require the return of all waters in the Waikato River to their 

natural state plus all waters in other west coast North Island river catchments 

potentially from Northland to Taranaki. Furthermore, although restoration of riverine 

habitat for whitebait will increase the number of larvae in the ‘marine pool’, large 

fluctuations in whitebait catches occur between years as a result of marine factors 

such as  food availability, water temperature, predators and currents (Rowe and 

Kelly, 2009). At present, there is little understanding of such ‘natural variability’, 

consequently it is not possible to quantify the response of whitebait fisheries to local 

management actions. This aside, restoration of whitebait habitat in the Waikato River 

would increase the resilience of the fishery to future changes (e.g., effects of climate 

change on freshwater and marine habitats) and would increase the probability of 

higher catch rates.  Actions to restore the whitebait fishery in the Waikato River 

therefore require four approaches, applied to two species, as follows: 

• Restore iinanga spawning habitat on river and stream banks and create new 

habitat. 

• Restore adult iinanga habitat in both streams and lakes. 

• Restore access to iinanga and banded kookopu habitat.  

• Restore adult banded kookopu habitat in small, tributary streams. 

These approaches are based on current expert knowledge of the main limiting factors 

known to affect whitebait in the Waikato River. As such, other approaches including 

a reduction in predation pressure (e.g., by trout), an increase in food supply, a 

reduction in competitors (e.g., pest fish), or the use of hatchery-based production of 

iinanga larvae, are not included. These other approaches are all still hypothetical and 

dependant on more investigation and research to determine both feasibility and 

viability in the Waikato River.  

2.  Goals for restoration 

Actions that address the four approaches above will collectively help restore the 

whitebait fish stocks in the Waikato (and hence the fishery) and will be achieved if 

the following three goals are met: 

• A significant increase in the area of spawning habitat used by iinanga is created 

in the lower Waikato River. 
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• A significant increase in the area of adult habitat occupied by iinanga in summer 

months is created in the lower Waikato River catchment. 

• A significant increase in adult habitat occupied by banded kookopu is created in 

the lower Waikato River catchment.  

In the following section, the actions required to achieve these three goals are 

identified. 

3.  Actions 

3.1 Restore iinanga spawning habitat 

Riverine spawning habitat has been lost along the banks of the Waikato River 

because of inappropriate vegetation management (e.g., drainage and allowing stock 

access). Both Mitchell (1990) and Hayes (1931) noted the negative impact of stock 

access and grazing on iinanga egg-laying habitat in the Waikato River and Baker and 

James (2010) have noted the need to restore both adult and spawning habitat in the 

river. As spawning habitat for iinanga is very limited in rivers and is therefore a 

‘choke-point’ in the life history of iinanga, restoration of spawning habitat in the 

Waikato River is clearly required.  

The precise location(s) and boundaries of the spawning areas used by iinanga in the 

Waikato River are not well known despite extensive surveys by both Hayes (1931) 

and Mitchell (1990). Their observations indicated that iinanga spawned on the river 

bank and on some stream banks between the Elbow and the Okahu Stream (Maioro 

Bay) (Figure 2). In the Okahu Stream, spawning occurred some 300 m above its 

junction with the main stem, probably because the river here is subject to periodic 

exposure to saline water. Above this stream, Mitchell (1990) found egg-laying sites 

only on the true left side of the river and many of these were associated with inlet 

streams. Iinanga spawning was also reputed to occur historically on the true left bank 

around the Aka Aka/Otaua region (Stancliff et al., 1988), but this was when a 

substantial river channel occurred down the true right side. Hayes (1931) also found 

some spawning sites on the islands in midstream.  
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Figure 2:    Map of lower Waikato River showing sites examined and found to contain iinanga 

eggs (from Mitchell, 1990). 

The total length of potential spawning habitat on the true left bank was assessed by 

examining the NZMS260 topographical maps and identifying areas where pasture has 

replaced wetland and native vegetation. There are approximately 10 km of habitat 

on the true left bank (from the Elbow to Okahu Stream) of which 4.5 km of wetland 

below Tauranganui are still relatively intact. On the true right bank, spawning habitat 

includes approximately 3km below the Elbow and 3 km on the side of Motutieke 

Island. Historically, spawning also occurred along the true right bank of the river 

around the Aka Aka/Otaua region, but this was when the main channel ran down 

that side of the river and before flood control structures were installed. Historically, 

some 30 km of river and stream bank could have been used for spawning but only 

about 20 km of this would have been used at any one time, depending on which side 

of the river the main flow occurred on. At present, there is a total of 16 km of river 

bank within which iinanga can and do spawn. Of this, 5.5 km are likely to require 

some degree of restoration. Restoration of iinanga spawning habitat along river 

banks in the Hawkes Bay (Rook, 1994) and in most DOC conservancies (Taylor, 2002) 

has been successful and an experiment to create new off-channel spawning habitat is 

now being carried out in the Waikato River to test this concept.   
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Fencing is relatively straightforward but maintaining the right vegetative cover for 

spawning is the key to success. The weed Trascandentia provides good spawning 

habitat under a cover of alder trees, but other more suitable ground cover plants 

include; creeping bent, Yorkshire fog, tall fescue grass, Mercer grass, cow parsley, 

and creeping buttercup (Taylor, 2002). Historic (pre-European) plants are likely to 

have included rushes, raupoo, harakeke, toetoe and koikoi. Annual maintenance of 

the areas will be required to maintain an optimal vegetative cover during the 

spawning season (i.e., February–June). Hickford et al., (2010) found a strong 

correlation between iinanga egg density and the thickness of the aerial root mat 

and/or density of plant stems, irrespective of plant species. Vegetation management 

therefore needs to maximise stem and aerial root density, while allowing fish access 

to this egg-laying habitat. 

The role of flood gates in restricting iinanga access to riverine spawning grounds is 

not well understood at present. Taylor (2005) found that iinanga spawned behind the 

tide gates on the Styx River where suitable habitat occurred but not below the gates 

because habitat was lacking there. However, spawning did not occur every year and 

the gates may have resulted in a change in salt water penetration upriver that 

affected the location of spawning sites as well as the cues for spawning. Spawning 

habitat for iinanga occurs below most flood gates in the Waikato River but free 

passage is required to access this. If this cannot be achieved, then spawning habitat 

above the flood gates would need to be created.  

The three main actions designed to restore and increase iinanga spawning habitat in 

the Waikato River are listed below:  

Action A: Delineate the main areas currently used for iinanga spawning on the 

true left bank of the main stem of the river and exclude stock access (at least 

before and during the iinanga spawning season i.e., Jan–June) while providing 

and maintaining suitable vegetation for iinanga spawning.  

 

Action B: Identify iinanga spawning habitat along the banks of accessible 

tributary streams of the river and exclude stock access (at least just before and 

during the spawning season i.e., Jan–June) while establishing and maintaining 

suitable vegetation for iinanga spawning.  



 
 

10 

 

Action C:  Create new off-channel areas (embayments) for iinanga spawning 

along the river bank to compensate for loss of spawning habitat elsewhere. 

This approach may also need to be extended to the streams behind tide gates 

in the Aka Aka/Otaua region where spawning areas could be created. 

However, this would only be required if the tide gates currently restrict access 

to spawning sites on the main river and if this cannot be fixed. 

3.2 Restoration of adult iinanga access to habitat behind flood control works 

Migrant iinanga heading downstream to spawn generally stay in the main river 

channel which, in the Waikato River, now runs along the true left bank. This is where 

spawning occurs today and the absence of spawning on the true right bank of the 

River (i.e., around Aka Aka/Otaua) may be because there is no longer a major river 

channel along this side of the delta. However, the lack of spawning on the right bank 

may also be because iinanga access to it is currently restricted by tide gates, pumping 

stations and flood protection works. Structures that may restrict iinanga passage 

between the river and upstream habitat are centred mainly around the Aka 

Aka/Otaua region (Figure 3), but also include gates on low-lying land as far upriver as 

Mercer. 

Iinanga are relatively common upstream of some of these gates (but not others) and 

good adult habitat is still present in the drainage network that has now replaced the 

once extensive wetland. It is apparent that juvenile iinanga can enter some of these 

streams (e.g., at times when the gates are open) and therefore produce a population 

of adults upstream. But passage past some gates is restricted. Strickland and 

Quarterman (2007) also found variation in iinanga passage upstream to habitat 

behind tide gates. This depended on individual gate characteristics, especially those 

that lead to high water velocities. At present, we are not able to identify which of the 

Waikato gates present problems for juvenile passage upstream and which do not.   

Spawning migrations from adult habitat above gates downstream to the Waikato 

River are less likely, especially if they need to occur in the few hours just before 

spring high tides (when the gates are mostly closed). If both juvenile migration 

upstream (between July and November) and adult iinanga passage downstream 

(from March to June) can be facilitated past these obstructions, then the potential 

spawning habitat along the true right side of the river would in all probability be used 

by these fish and the stocks currently above the flood gates would contribute more 

significantly to the Waikato River fishery.   
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Figure 3:   Location of ‘known’ flood and tide gates in the lower Waikato River (data from 

Environment Waikato).  

Models of habitat use for iinanga have been developed that allow streams providing 

good habitat to be mapped (Leathwick et al., 2005). In the Waikato River, this model 

indicated that its predicted occurrence at a 0.5 probability level corresponded closely 

with its actual occurrence. The total length of stream habitat in the Waikato River 

that has a probability of occurrence of over 0.5 is close to 800 km (Figure 4). 

Approximately 320 km (40 percent) occurs in catchments below the confluence of 

the Mangatawhiri River and the Waikato River. This is ‘prime’ habitat for iinanga 
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because it is closer to the river mouth than habitat further upriver. Of this, 192 km 

(24 percent of total iinanga habitat) are behind the flood gates and therefore 

potentially affected by flood protection works and road culverts (NB., this figure does 

not include the side drain networks so actual iinanga habitat may be even greater).   

Restoration of full access for iinanga between upstream habitats and the main river 

would require either removal of the tide (and flood) protection barriers, or the 

provision of access at key times (i.e., during the juvenile migration season and the 

spawning season). Removal of these structures and allowing the land to revert to 

wetland would restore a large area of lost wetland in the lower Waikato and the 

probability that this will increase whitebait habitat is high.  

Action D: Remove all tide gates and stop banks in the lower Waikato River 

region (e.g., Mercer down to Aka Aka/Otaua) to restore wetland habitat and to 

allow unrestricted access by iinanga between riverine spawning habitat and 

stream habitat for adults. 

There is a significant risk with this action. Rowe et al., (2007) recorded the negative 

impact of gambusia on iinanga in shallow waters and concluded that gambusia can 

exclude iinanga from the shallow (0–50 cm), still-water habitat provided by swamps 

and wetlands. Gambusia are now present and widespread in the Waikato and can be 

expected to prevent iinanga from fully occupying and using existing and new wetland 

habitat, apart form the deeper (> 50 cm) ponds and accessways. Restoration of 

wetland habitat (via removal of tide gates and flood control structures) may 

therefore no longer be a feasible option to restore iinanga habitat and hence the 

whitebait fishery.   

An alternative to total removal of the flood control structures would be the 

installation of fish-friendly gates. These would allow greater immigration of juveniles 

from the river to the drainage network. If they can also be managed to allow 

emigration of adult iinanga to the river to spawn, they could significantly improve the 

fishery. At present there is insufficient knowledge on the timing of downstream 

iinanga migration in these streams to quantify the feasibility of this approach. 

Although fish-friendly gate openers will allow adult iinanga to move downstream to 

the river ‘at times’, movement at the time required for spawning may not be 

possible. If this proved to be so, then the only remaining option is to create/improve 

spawning habitat for iinanga behind the flood gates (see Action C above).   

Action E: Retrofit tide gates with ‘fish-friendly’ openers to improve iinanga 

movement between the river and the drainage network (this may also improve 

adult habitat behind the gates). 
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Figure 4: Location of stream habitat for iinanga in the Waikato River based on habitat models 

(Leathwick et al., 2005) and probability of occurrence. Prime habitat is marked red, 

optimal yellow, and good is green.  

3.3 Restoration of adult iinanga habitat in streams 

Loss of iinanga habitat in the Waikato River catchment has occurred in streams 

firstly, because iinanga access to it has been restricted by the installation of road 

culverts that create barriers to upstream movement of juvenile migrants. Secondly, 

stream habitat has been generally degraded because of channelisation coupled with 
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a reduction in marginal riparian vegetation (i.e., important instream cover habitat for 

iinanga). 

Replacement of all culverts that are a barrier to iinanga with larger diameter culverts 

that form an over-arching, bridge-like structure is potentially possible and the best 

option, but would be expensive. In lieu of this, retrofitting culverts with baffles to 

reduce water velocities can work well but is only feasible in the larger culverts (>1 m 

diameter) such as occur under roads and which can be entered by workmen. Road 

culverts that intersect streams providing optimal habitat for iinanga are shown in 

Figure 5. At some sites, where the downstream lip of the road culvert is above the 

stream water level, a concrete and rock ramp will be needed to allow iinanga access 

up to the lip of the baffled culvert. Creation of a pool below the culvert (e.g., by 

placement of rocks to create a ‘natural rapid’) can also raise the steam water level 

above the lip of the culvert.  

Retrofitting of baffles is not feasible in the smaller culverts under farm tracks. In 

general, many more farm tracks cross streams than roads and the culverts under 

farm tracks are usually smaller than those under roads. As a consequence, farm track 

culverts usually create a greater barrier for iinanga than road culverts. They should 

ideally be replaced with larger diameter ones positioned to act as bridges (i.e., the 

stream substrate runs through them).  

Jones (2008) carried out a survey to identify which culverts posed a barrier to native 

fish in selected Waikato River catchments. She selected catchments with an area of 

approximately 100 ha and identified all culverts upstream. Most culverts (99 percent) 

were concrete pipes and the number per 100 ha catchment ranged from 0–10, with a 

mean of 3.6. Of all the culverts inspected, 60 percent were a barrier to fish at most 

flows and 36 percent at all flows. The latter will have been primarily perched culverts 

and affected upstream migration of climbing species (i.e., banded kookopu) as well as 

iinanga, whereas the former will have provided a restriction mainly for iinanga.  

Action F:  Restore iinanga access to adult habitat by retro-fitting baffles to road 

culverts that are a barrier to iinanga and by replacing farm track culverts that 

are barriers to iinanga with fish-friendly designs.  
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Figure 5:   Map showing the intersection of streams and roads in the lower Waikato River and 

hence where culverts may occur (NB., some streams will be crossed by bridges). The 

yellow triangles cross streams providing good iinanga habitat. 

Iinanga habitat in small 1st to 3rd order streams is generally slow-moving to still 

waters with marginal stream cover provided by overhanging shrubs (e.g., harakeke), 

emergent vegetation (e.g., watercress, rushes) or aquatic macrophytes (Richardson 

and Taylor, 2002). This marginal cover is closely related to adult abundance 

(Richardson, 2002) and most of it will have been lost through cattle browsing to the 

stream edge coupled with the deepening and narrowing of the stream channel in 
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response to the replacement of riparian forest cover with pasture, and erosion of the 

stream bank.  

Restoration of stream habitat for iinanga in such streams would require the creation 

of riparian strips along the borders of those streams that currently run through 

pasture. Iinanga are not as abundant in heavily shaded streams (i.e., with total 

canopy closure) as they are in more open streams. Planting of low-height 

trees/shrubs (not causing total canopy closure) would be required to stabilise and 

partly shade the banks of second and third order streams. Low-lying vegetation that 

overhangs into the water (but which does not clog the stream channel) would be 

required in first order streams.  

Action G: Restore adult iinanga habitat in lowland streams by; (a) ensuring that 

low-lying marginal plants (e.g., flaxes, grasses) are present and can hang over 

the bank into the stream1. 

Beentjes (2005) estimated that there are 3,460 km of managed waterways in the 

Waikato River catchment. Many of the smaller managed streams (and drains) occur 

in flat or low-gradient areas of the lower Waikato River and provide good potential 

habitat for iinanga. However, these streams and drains are now regularly clogged 

with vegetation during summer months. Iinanga enter rivers as juveniles in spring, 

migrate into small streams and grow to adulthood over summer, and then spawn in 

autumn. Summer is therefore a key period for iinanga production and such small 

streams are a major habitat. Some of these waterways are mechanically cleaned (by 

drainage boards) in order to maintain a flow and reduce flood risk, but this is 

detrimental to fish (and fish habitat). A more appropriate solution would be to shade 

the northern sides of such streams to prevent macrophyte weed growth and to 

maintain a low vegetative cover in other reaches by physical removal and or 

herbicide application.  

Action H: Restore adult iinanga habitat in lowland, low gradient streams by 

shading (tree planting) physical reduction and herbicide application to reduce 

macrophyte weed growth. 

3.4 Restoration of adult iinanga habitat in lakes 

McDowall (1984) observed that wetlands were a crucial habitat for iinanga and 

argued that the decline of whitebait in New Zealand was in large part attributable to 

the large reduction of this habitat throughout the country. Loss of wetlands in the 

Waikato River has been substantial with Cheyne (1981) noting an 83 percent loss 

                                                      
1
 This approach can be expected to work well where the stream banks are low and not incised and 

needs to ensure that species such as blackberry and toe toe do not smother the stream.  
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between 1840 and 1980 - this figure will now be higher. This loss of habitat coincided 

with a significant decline in mean catch rates in the Waikato. In a review of the 

fishery, Stancliff et al., (1988) concluded that there was a 70 percent reduction 

between 1950 and 1968. At the same time, iinanga access to the large lakes 

(Whangapee, Waikare and Waahi) was restricted by flood control works. Although 

access has now been restored, the lakes subsequently lost their macrophyte beds 

and in more recent times have become infested with pest fish which help degrade 

water quality, prevent macrophyte re-establishment and may compete with native 

fish for food (Rowe, 2007). The effects of such environmental changes in the lakes 

are reflected in the low abundance of iinanga. For example, in Lake Waahi the 

abundance of iinanga is now only 2 percent of that in Lake Ellesmere/Waihora (Rowe 

et al., 2007) which lacks pest fish. 

The precise reason(s) for the decline of iinanga in the Waikato lakes are unknown. 

Competition for food with other fish may be the main factor, or there may now be 

greater predation on iinanga because of the loss of macrophytes. Alternatively, food 

for all fish may have declined because of a decline in water quality. In the absence of 

data on the specific habitat and food requirements for iinanga in these lakes, 

restoration of iinanga abundance will require full lake restoration. In the absence of 

full restoration, some habitat improvement in the lakes may be possible and could 

include the placement of log jams or batten-style fences in the lake at strategic 

locations designed to damp wave-action and encourage macrophyte growth. 

However, this approach is untested and would require some research to determine 

its viability. It is therefore not included as an action at present. In lieu of this, shallow, 

static water habitat for iinanga needs to be maximised wherever possible in the 

lower Waikato River (especially below Mercer). Where ponds or quarry pits or other 

depressions occur and could provide such habitat for iinanga, access needs to be 

created if possible.   

Action I:  Restore iinanga habitat in the riverine lakes through removal of pest 

fish species. Increase the amount of still-water habitat (ponds, pits, quarries, 

artificial impoundments) for iinanga in the Waikato (this implies the 

development of fishways that allow iinanga access but not pest fish).  

3.5 Restoration of habitat for banded kookopu and other whitebait species 

Banded kookopu live in the pools of small, low-gradient 1st order streams where a 

tree canopy occurs and shades the stream (Rowe and Smith, 2003). It does not 

matter whether the tree canopy is native forest, bush or pine forest as banded 

kookopu abundance under any canopy is significantly higher than in pasture streams 

(Rowe et al., 1999). Much of this habitat for banded kookopu in the Waikato has 

been lost because of the clearance of forest to create pasture. However, there are 

308 km of stream in the lower Waikato that potentially provide optimal habitat for 
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banded kookopu (Figure 6). Of this, 58 km have a low shade index indicating a lack of 

tree cover.  

 

 Figure 6:   Location of good stream habitat for banded kookopu in the Waikato River (red) and 

the reaches where shade cover over this is sparse (yellow). 

Cover aside, access to some of the streams providing good potential habitat may now 

also be prevented by ‘perched’ culverts. Fencing and tree planting along the banks of 

small streams will restore habitat for banded kookopu and benefit other whitebait 

species (e.g., kooaro, giant kookopu, shortjaw kookopu) and native fish. It will also 
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reduce stream bank erosion, cool stream water and reduce both nutrients and 

bacterial contamination. Significant co-benefits of riparian planting will therefore 

occur from the restoration of banded kookopu habitat in small, hill-country streams.  

Action J: Identify the stream reaches providing potential habitat for banded 

kookopu and plant with perennial trees to provide riparian cover (heavy shade) 

over the stream channel. 

Action K: Identify where perched culverts prevent access to good habitat for 

banded kookopu and install ropes (or concrete ramp structure) to allow the 

climbing juveniles to access the stream habitat behind these culverts. 

4.  Outcomes 

A significant increase in iinanga spawning habitat and in the adult habitat for both 

iinanga and banded kookopu can be expected to increase the production of fish 

larvae exiting the river and developing at sea. In turn, this will increase the number of 

juvenile fish (whitebait) entering the Waikato River and hence improve the fishery. 

The unknown dispersion of whitebait larvae at sea and the annual variability in 

marine conditions means that the benefit of restoration will be spread over a range 

of west coast North Island rivers and will not accrue solely to the Waikato. As a 

consequence, the actual benefit to the Waikato River cannot be quantified. Habitat 

restoration for iinanga and banded kookopu in the Waikato River will also improve 

river water quality and increase habitat for other native fish so will result in 

widespread co-benefits. 

5.  Risks and probability of success 

The risk of not being able to successfully achieve an action was given a high, medium, 

or low rating based on the complexity and scale of the action, the ability to control 

extraneous factors, current knowledge of the issues, and the technologies available 

(but not overall cost). The probability that the action, if achieved in full, will succeed 

in achieving the goals was also rated as high (H), medium (M), and low (L). These 

ratings were used to identify priority actions (i.e., those that are most feasible and 

which have a high probability of success) (Table 2).  
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Table 2:  Assessment of the feasibility of achieving the respective actions and the probability 

of success should they be achieved. 

Action Feasibility Probability 

of success 

Comment on success 

for restoring 

whitebait 

A Improve current river bank 

spawning sites on true left bank. 

H H Highly feasible so long 

as maintenance occurs. 

B Improve stream bank spawning 

sites. 

M M Full use by iinanga 

cannot be guaranteed. 

C Construct new spawning areas on 

true left bank streams. 

M M Full use by iinanga 

cannot be guaranteed. 

D Remove flood control structures. H M Feasible action, but full 

use of wetland habitat 

cannot be guaranteed. 

E Retrofit tide gates below stream 

spawning sites. 

H M Feasible, but may still 

not permit spawning 

migrations. Some flood 

and salinity risk likely. 

F Replace/fix culverts that are 

barriers to iinanga. 

M H Highly feasible so long 

as annual maintenance 

carried out. 

G Increase cover habitat in small 

streams. 

H H Low risk and highly 

achievable.  

H Reduce stream clogging by weeds. H H Low risk and highly 

achievable. 

I Restore lakes and/or provide 

access to man-made standing 

waters (ponds, pits, quarries). 

L M Access for iinanga may 

allow pest fish in. 

J Fence and plant first order stream 

banks. 

H H High success rate but 

long time-frame for 

tree growth required.  

K Fix perched culverts affecting 

banded kookopu. 

H H Ropes easily installed. 

Periodic replacement 

required. 

Actions A, F, G, H, J and K all have a high probability of success and a high to medium 

feasibility. Similarly, actions D and E have a medium probability of success but are 

highly feasible. In contrast, actions B, C and I are riskier in terms of both their 

feasibility and/or probability of success. They therefore require more information 

before they are implemented.  
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6.  Costs 

6.1 Action A: Restoration of riverine spawning habitat 

Restoration of spawning habitat on the true left bank of the Waikato River would 

involve establishing a 5 m wide riparian strip adjacent to the water’s edge along 

much of the 10 km length of river bank, excluding the c.4.5 km length of wetland 

below Tauranganui. In other words, there is a 5.5 km length of river bank within 

which management is required to restore iinanga spawning habitat. Cattle access 

would need to be excluded, at least from December to June each year; this providing 

an option for partial grazing controlled by electric fencing. Vegetation management 

would be required within this area. Total cattle exclusion would require a post-and-

batten fence and planting to ensure that low-growing native plants with moderately 

dense stem and/or root matrices are grown beneath a sparse tree cover.  

The costs involved in this action include a survey to locate sites for restoration and to 

prepare fencing and planting plans for each. This preparation phase would also 

require consultation with land owners to determine compensation (for lost pasture 

use), and to ensure access for maintenance. Fencing and planting would then follow. 

The capital cost for land purchase, fencing (permanent fence) and planting is 

estimated at about $260k, whereas use of an electric (temporary) fence would 

reduce this to $90k (less if farmers can use the land as pasture for 6 months of the 

year). Annual maintenance of approximately $22k would be required. 

6.2 Action B:  Restoration of stream-bank spawning habitat 

Eight streams enter the main river between the Elbow and Okahu Stream. Spawning 

occurs at a site 300 m upstream in the Okahu, possibly because of high salinity water 

near its confluence with the main river. The area of potential and actual spawning 

habitat in each stream is unknown but there is scope for improvement in at least 

some of these streams. For the purposes of costing restoration of spawning habitat in 

these streams, we have assumed that there is a 50 m long length of potential 

spawning habitat to be restored on each bank (i.e., 100 m per stream). Cattle access 

and vegetation management would be required at each site. The capital cost for this 

action (excluding site surveys and plan preparation, but including land purchase) is 

estimated at $280k, with an annual maintenance cost of $3.2k 

6.3 Action C: Creation of new iinanga spawning habitat 

New, off-channel, spawning habitat could be created within the eight inlet streams 

on the left bank of the main stem of the Waikato River. This would involve the 

creation of artificial embayments and/or side channels with gently sloping sides that 

would provide a relatively wide (1 m) wetted margin of relatively flat ground covered 
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in suitable egg-laying vegetation. The height of this needs to be set so that it is 

inundated only during spring high tides in autumn. A pilot study is currently 

underway to test this concept in the Whauwhautahi Stream, which is one of the eight 

streams along the true left bank. At present, this approach is being tested and some 

spawning has occurred within the 500–700 m of new habitat. On this basis, 500 m of 

new spawning habitat could be created in each of 8 more sites to add another 4 km 

of potential spawning habitat to the lower Waikato River. The capital cost for this 

action including plan preparations and consents is estimated at $4.2 million, with an 

annual maintenance cost of $32k. 

6.4 Actions D and E: Restoring full access to streams affected by tide gates 

Removal of tide gates from the elbow down to Maioro sands is one option to allow 

iinanga full access between the river and streams. This action (Action D) would 

improve iinanga access to the stream network provided by the five main streams 

entering the river in this region (i.e., Mangawhero, Aka Aka, Awaroa, Otaua and an 

unnamed stream west of the Otaua). More significantly, it would allow adult iinanga 

access to riverine spawning habitat. However, it would also result in a large expanse 

of farmed land (approximately 55 km2) becoming periodically flooded. At present 23 

flood control gates occur in this region. Removal of all these flood protection works 

in the lower Waikato River would have major impacts on land use. The capital cost of 

this action is estimated to be in the order of $220 million, with land purchase being 

the major component. Removal of a fewer number of gates is unlikely to be feasible 

as the entire area is low-lying and removal of just one gate would risk widespread 

flooding. 

In lieu of this action, another less disruptive option would be to replace the tide gates 

with fish-friendly ones that will allow juvenile iinanga better access to the stream 

habitat behind them and allow adults to migrate down to the river to spawn (Action 

E). This would not be as effective for fish access as removing the gates, but it may be 

a more cost-effective option than complete removal. At present there are 23 sites 

where tide gates occur in the Aka Aka/Otaua region but the number of gates per site 

varies. Replacement of one gate per site where the number of gates is high (>2) is not 

expected to be hydrologically feasible, so on average there would be 2 gates to 

replace per site (i.e., 46 in total). Of the 23 sites, five are likely to be more important 

than the others as they affect access to and from the main streams, but they contain 

multiple gates. Prioritisation is therefore possible. In addition, there are another 8 

gates across streams entering the true left bank of the Waikato River below the 

Mangatawhiri River confluence. The total cost of installing 23 ‘fish-friendly’ tide gates 

is estimated at $6.9 million.  
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6.5 Action F: Culverts acting as barriers to iinanga passage in streams 

GIS analysis indicates that the streams providing good habitat for iinanga in the 

Waikato are crossed by approximately 180 road crossings. The study by Environment 

Waikato (Jones, 2008) indicated that 60 percent of inspected culverts (including road 

culverts) restricted passage for fish such as iinanga. Accordingly about 110 road 

culverts can be expected to require retrofitting with baffles. Of these approximately 

half (i.e., 55) can be expected to also require either the construction of an inclined 

approach ramp below the culvert (i.e., made of rocks embedded in concrete), or the 

installation of a boulder weir (some 5–20 m downstream) to create a pool behind the 

culvert. This will raise the water level over the lip of the culvert and allow fish 

passage upstream. The cost of retrofitting 110 road culverts to allow passage for 

iinanga is estimated at $2.4 million, with an annual overall maintenance cost of up to 

$110k. 

The number of farm track culverts that would need to be replaced can be estimated 

by using the data provided by Jones (2008). She found that there was an average of 

3.6 culverts per 100 ha catchment in the Waikato River region. Of these 60 percent 

(i.e., 2.16 culverts/100ha) were judged to be a partial barrier to fish such as iinanga. 

When this figure is multiplied by the total area of catchment in which good iinanga 

streams occur (approximately 1,500km2) there are in the order of 3,000 farm track 

culverts that could need replacement. The total cost for replacing each of these 

culverts would be in the order of $30 million. Not all of these culverts will contain 

large areas of iinanga habitat upstream and therefore constitute a ‘high impact’ 

priority for replacement. A comprehensive site survey would be required to identify 

the high impact culverts and therefore allow prioritisation of this action (i.e., allow a 

more targeted approach that ensures best value for minimum cost). 

6.6 Action G: Restoring cover for iinanga in streams  

The total length of potential stream habitat for iinanga in the Waikato River is 

estimated to be close to 800 km and of this 150 km comprises first order stream 

habitat where low-growing marginal cover is important for iinanga. There is a further 

300 km of second and third order stream habitat where a riparian strip comprising 

both sparse tree cover and shrubs would be required. Thus, 450 km of potentially 

‘optimal’ stream habitat could be restored. This action would initially require a foot 

survey to identify sites where fencing and riparian planting will be most effective and 

to determine restoration plans for each stream reach. The Fonterra ‘Clean Stream 

Accord’ is expected to eventually result in all such streams being fenced and this 

alone will allow some natural regeneration of low-lying vegetation on stream banks 

to occur. However, in many cases this may result in rampant blackberry covering 

small streams, or toi toi and emergent species clogging the stream channel. Strategic 

planting of one side of the stream with more suitable low-lying species is therefore 
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required. The cost of such planting (assuming fencing costs are borne by farmers as a 

consequence of the Clean Stream Accord) is estimated at $2.9 million. Annual 

maintenance ($360k) for up to at least 5 years would be required on top of this.  

6.7 Action H: Reducing excessive weed growth in streams  

It is not known what proportion of the 3,460 km of managed waterways in the lower 

Waikato River require summer vegetation control in order to provide open-water 

habitat for iinanga. For the purposes of costing, we assumed that about 50 percent of 

these waterways (i.e., 1,800 km) could require some form of weed management. 

Methods currently used for control of instream vegetation include mechanical 

removal (by digger), herbicide application and biological control using white amur 

(Ctenopharyngodon idella
2). However, tree planting on northern banks to provide 

heavy shading of the stream channel could provide a long-term sustainable control in 

some reaches. As not all stream reaches will be suitable for tree planting on the 

northern side, other vegetation control methods would be needed. If it is assumed 

that 450 km would be amenable to tree planting, some 450 km could require 

biological control, 450 physical control (but not by a digger), and 450 km herbicide 

application. Using these figures, it is possible to gain an indication of the cost of each 

method. The capital cost of tree planting would be $3.1 million, with $360k annual 

maintenance required for 10 years. Biological control would cost around $3.0 million, 

with the annualised cost of on-going maintenance (e.g., restocking) at $120k.  

Physical control (e.g., manual removal) can be expected to be in the order of $3.6 

million per annum in perpetuity. In comparison, herbicide control (assuming one 

application) would cost $180k per annum in perpetuity, but would not be acceptable 

if the herbicide affects other aquatic life.  

6.8 Action I:  Restoring iinanga habitat in lakes and standing waters 

Whitebait abundance is likely to have declined drastically in the three main lowland 

lakes in the lower Waikato River (Waahi, Whangapee, Waikare) as their macrophytes 

disappeared and as pest fish increased and water quality declined. Restoration of 

macrophytes and water quality could be required, but this alone may not restore 

iinanga as pest fish are now prolific in these lakes in summer months. Restoration of 

iinanga abundance may therefore involve pest fish control as well as the return of 

macrophytes. There is also no known way of effectively controlling pest fish in large, 

shallow water bodies without also affecting iinanga. The decline of iinanga in these 

lakes is likely to be the single most important factor contributing to the decline of the 

whitebait fishery in the Waikato but identification of the key limiting factor(s) is a 

pre-requisite for successful restoration.  For example, macrophyte restoration may 

be all that is required. However, if pest fish and not macrophytes are the limiting 

                                                      
2
 This fish maintained total control over macrophytes for over 3 years in the Mangawhero Stream, Aka 

Aka but the trial was discontinued because of the escape of white amur into the Waikato River. 
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factor, it is unlikely that these fish will ever be controlled. Although removal may be 

feasible (e.g., by draining the lakes and rotenoning the inlet streams), the next flood 

will re-populate the lakes. The restoration of these lakes (including removal of all 

pest fish) could be done through drainage, sediment excavation, levee formation to 

increase lake depth, and then refilling. If bunds or levees are built to prevent 

flooding, then iinanga access will need to be provided to the lakes and at present 

there is no way of guaranteeing such access without running the risk that juvenile 

pest fish will also use the same route to re-enter the lakes.     

Pest fish re-entry would need to be restricted3, but could be problematic if barriers to 

pest fish migration also exclude juvenile iinanga. Rowe and Dean-Speirs (2009) 

identified low-head barrier designs for pest fish species and concluded that a number 

of designs could be used in the Waikato, but these would necessarily exclude iinanga 

as well as juvenile pest fish, unless they are designed to provide a shallow depth of 

water that allows upstream movement by juvenile iinanga and smelt, but not pest 

fish. Research is required to determine whether such a pass can be developed. This 

applies to the provision of access to other shallow water bodies such as quarry pits, 

opencast mines, irrigation ponds, farm ponds etc.  

6.9 Action J: Restoration of banded kookopu habitat in first order streams 

Optimal habitat for banded kookopu generally occurs in the pools of small, elevated 

streams under a closed tree canopy and within a distance of 150 km from the river 

mouth. Habitat modelling indicates that there is 308 km of such habitat in the lower 

Waikato (excluding that currently restricted by the dams at Hunua). Of this 

approximately 60 km (19 percent) has a relatively low shade cover (<0.5 km) and so is 

likely to be suitable for restoration via riparian tree planting. Fencing and planting of 

trees alongside these stream reaches can be expected to increase the overall 

population of banded kookopu in the Waikato. The full ecological benefit of this will 

not occur until canopy closure occurs and this could take 10+ years. The total cost of 

this action is estimated at $4.1 million. 

6.10 Action K: Restoration of banded kookopu access past perched culverts 

Jones (2008) found that there were on average 3.7 culverts in each 100 ha catchment 

inspected and that 36 percent of these were a barrier to fish at all flows. These will 

have been mostly perched culverts and therefore barriers to banded kookopu. The 

total catchment area in the lower Waikato River containing ‘good’ banded kookopu 

habitat and where culverts affecting this species can be expected (i.e., 1st to 3rd order 

streams) was summed for the individual sub-catchments and estimated at 1,116 km2.  

Given that there are, on average, 3.6 culverts per km2 in the Waikato, we estimate 

                                                      
3
 Research is required to determine whether pest fish are in fact limiting iinanga abundance in these 

lakes. 
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that there are around 4,000 culverts of which 36 percent or 1,440 would be barriers 

to banded kookopu and require ‘rope’ passes.  

Perched culverts can be readily accessed by migrant banded kookopu if a substrate 

with a wetted surface is provided. Small lengths of “mussel spat collecting” rope have 

been shown to be effective in addressing the problem posed by perched culverts 

(David et al., 2009). The length of rope is fixed to the lip of the culvert and cut so that 

its lower end is in the pool below. On-going annual maintenance would be required. 

As the migration of banded kookopu into rivers does not occur until September and 

extends through to November, ropes would need to be placed in culverts for the 

months September–December each year. The cost of completing this action was 

estimated to be $940k.  

7.  Cost comparisons 

Ideally cost comparisons would compare the dollar cost of an action against some 

measure of improvement in the fishery. As there is currently no way of assessing 

whether a change in the fishery is due to some management action in the river (as 

against a change in marine conditions influencing whitebait survival at sea), this is 

not possible. However, a surrogate measure of potential improvement in the fishery 

is the amount of ‘habitat improvement’ that has been completed. In this case, it 

would be the ‘length’ or ‘area’ of habitat that is improved or created, or the ‘number’ 

of culverts that are modified to allow fish passage upstream. Culverts can be 

prioritised, depending on the amount of habitat upstream, but this detail is beyond 

the scope of this study. These numbers can be expressed as a percentage of the 

respective target levels to fit within the ‘report card’ format for gauging progress 

over time. 

Comparisons among the actions can be made on the basis of total cost. Table 3 

shows the least to the most expensive action in terms of total capital and operational 

costs for whitebait restoration. Capital costs are assumed to occur in the first year 

(2011), whereas operational costs are occurring on an annual basis until 2040, unless 

specified differently. Capital and operational costs are discounted at 8 percent to give 

the present value of costs4. Some costs will not change from the above as only 

capital costs are considered for that option and they are assumed to come in year 

2011, therefore do not need to be discounted. The wide range for total costs 

indicates that some actions are unlikely to be economically feasible whereas others 

will not be.  

                                                      
4
 Present value is the value on a given date of a series of future payments, discounted to reflect the time 

value of money and other factors such as investment risk. 
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The total cost of an action can also be compared with the cost of a unit of action 

(e.g., a kilometre of habitat improved, or a single barrier to fish access fixed) to 

examine the feasibility of partial completion. Two approaches to this are illustrated in 

Figure 7. Actions D and H have a high total cost as well as a high unit cost. In contrast, 

actions A1, A2, and B all have relatively low total and unit costs. The latter are 

therefore more feasible in overall economic terms.   

Table 3:   Actions ranked by total cost to full completion. 

Action Description 
Total cost 

($100k) 

D Improve iinanga access to 23 streams where flood control 

works create barriers (Aka Aka/Otaua). 

2,202 

H Increase iinanga habitat through vegetation control. 435 

E Alternative to D is installation of 'fish-friendly’ tide gates. 69 

G Enhance iinanga stream habitat by planting low-lying species 

along 450 km of stream bank. 

54 

J Restore kookopu habitat with a tree canopy over 58 km of first 

order streams. 

51 

F/2 Replace 3,000 farm track culverts that are barriers to iinanga. 30 

C Create new iinanga spawning habitat at 8 river sites. 30 

F/1 Retrofit 110 road culverts that are barriers to iinanga with 

baffles. 

27 

B Restore 800 m of iinanga spawning habitat in streams. 3 

A/1 Restore 5.5 km riverine spawning habitat by fencing river 

margin (post and batten fence). 

3 

A/2 Restore 5.5 km riverine spawning habitat by fencing river 

margin (electric fenced for 4 months per annum). 

1 

K Replace 1,440 culverts that are barriers to banded kookopu. 1 
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Figure 7:   Comparison of the costs of each action based on both total (capital and operating) 

cost and the unit of action cost. In the right hand figure, the actions are plotted on 

logarithmic scales to encompass the wide variation in costs. The dashed lines 

separate actions with relatively high, medium and low costs for both total and unit 

cost. 

8.  Baseline 

The baseline for the Waikato River whitebait fishery cannot be established in terms 

of the size of the fishery or total catch, so needs to be measured in terms of habitat 

units. In this context, there are three types of habitat; iinanga spawning habitat, 

iinanga adult habitat (used for growth) and banded kookopu adult habitat. All three 

can be measured in terms of the metres or kilometres of stream or river potentially 

capable of supporting such habitat and the proportion of this total that is currently 

intact. The proportion that is not intact provides the basis for restoration and 

progress with restoration can be measured as this figure declines with time.    

The total amount of iinanga spawning habitat has not been accurately quantified but 

patches of egg laying now occur over a 16 km length of the river bank. Additional 

spawning habitat occurs within some streams but the extent of this is unknown and it 

is probably limited to hundreds of metres rather than kilometres. When the main 

river channel went down the true right side of the river, spawning habitat would have 

been utilised there, meaning that in total 30 km of spawning habitat occurs but only 

about 20 km of this will be used at any one time, depending on where the main 

channel occurs. The current length of iinanga spawning habitat in the Waikato is 

therefore close to 20 km and there is scope to produce another 4 km through 

excavation of the stream banks and the creation of new side channels and 

embayments (even though the success of this is still to be demonstrated).   
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Adult whitebait numbers will increase if their habitat is increased or improved. The 

loss of wetland and lake habitat in the Waikato has already been noted as the major 

concern in the Waikato River, but its restoration cannot yet be guaranteed and 

restoration may not be possible in some cases. Research is required to determine 

this. Lakes and wetlands aside, restoration of stream and riverine habitats are 

possible and this can be measured in terms of the kilometres of habitat that is 

improved for iinanga (i.e., bankside vegetative cover is provided, stock access 

excluded). However, having good habitat does not guarantee that it is used, 

especially if iinanga cannot access it because of a downstream barrier created by a 

culvert. The measure of usable iinanga habitat is therefore the total amount (length) 

that is intact in terms of riparian vegetation and that is accessible. This will increase 

as the barriers created by flood control structures and culverts are reduced. Although 

maps of restorable stream habitat can now be produced (at a coarse scale), it is not 

possible to map the accessible versus inaccessible habitat. This is because the 

locations of the culverts that are barriers to iinanga (as against the overall estimated 

number of these) have not been identified yet. Nevertheless, it will be possible (in 

time) to identify which culverts are more important than others in terms of their 

impact on iinanga access to existing or restored habitat. Once this is achieved, it will 

be possible to map all streams in the Waikato and to determine the total length of 

those that provide both good habitat for adult iinanga as well as access to it. The 

difference between this figure and the measure of stream length that is either not 

restored yet or is intact but still not accessible will provide an index of progress with 

restoration.    

Similarly, the amount of potential stream habitat for banded kookopu in the Waikato 

can be mapped and the proportion of this where a total tree canopy is lacking can be 

determined. Current estimates indicate that the length of potential habitat for this 

species in the Waikato River network is close to 300 km (excluding habitat above the 

Hunua dams) and that the proportion of this where tree planting would be required 

to create a canopy cover is about 18 percent (54 km). The proportion of the total 

habitat that is currently inaccessible to banded kookopu is currently unknown and, as 

with iinanga, a better appreciation of this will be required in order to map the current 

habitat that is used as against unused in order to provide a measure of progress with 

restoration for this species. 
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Appendix 7: Fisheries Management 

 

1. Introduction  

The roles and responsibilities of central and local authorities regarding the current 

management of the Waikato River fisheries are encompassed in statutory legislation 

including: the Fisheries Regulations 1986, Conservation Act 1987, Treaty of Waitangi 

(Fisheries Claim) Settlement Act 1992, Whitebait Regulations 1994, Fisheries Act 

1996, Fisheries (Kaimoana Customary Fishing) Regulations 1998, Fisheries (Amateur 

Fishing) Regulations 1986, Fisheries (Commercial Fishing) Regulations 2001, 

Biosecurity Act 1993 and the Freshwater Fish Farming Regulations 1986. Four central 

and local agencies are involved in the enforcement of these, including the Ministry of 

Fisheries, Department of Conservation, Fish and Game and Environment Waikato. 

Some of these responsibilities may change with the implementation of legislation 

relating to the Waikato-Tainui Waikato River Claim (Speirs et al., 2010). 

2. Whitebait 

The management of the whitebait fisheries in the Waikato River catchment is an 

issue of specific concern to the five river iwi. Particular concerns include:  

• Disagreement with council requirements for tangata whenua to have to 

licensed inter-generational whaanau whitebait stands.  

• The licensing of new whitebait stands “over top” [sic] of traditional whaanau 

fishing sites.  

• A lack of monitoring and enforcement (of the fishery itself and associated 

structures). 

• The use of set nets over more labour intensive methods that are considered 

more “fair” to the fish. 

• Poor maintenance of whitebait stands and, as a result, debris entering the 

river when these structures break down with no one taking responsibility for 

their removal. 

• That the management and enforcement of activities associated with 

whitebaiting are covered by separate authorities with neither perceived to 

be operating in the best interests of the fishery. 

• The high number of recreational fishers.  

The New Zealand whitebait fishery (including common smelt, and the galaxiids 

iinanga, kooaro, banded kookopu, giant kookopu and short jawed kookopu) is 

managed by the Department of Conservation through the Whitebait Fishing (West 

Coast) Regulations 1994 and Whitebait Fishing Regulations 1994 prepared under the 

Conservation Act 1986. These regulations set out the fishing season, limits on the size 

and type of fishing gear and other criteria. The regulations do vary, with hand-held 

nets allowed in some areas and fixed nets in others. Outside the West Coast they also 



allow whitebait to be taken for some customary purposes. People wishing to take the 

whitebait for hui or tangi must currently advise a “warranted officer” of the intention 

to fish before the whitebait are taken and comply with whatever conditions (e.g., 

quantity, location, method) imposed by the Department of Conservation. Persons 

offending against these regulations may be fined up to $5,000. 

Because they are structures in the river bed, the licensing and administration 

whitebait stands in the lower Waikato River requires a license from Environment 

Waikato (Waikato Regional Plan, 4.2.6 Whitebait Stands) under the Resource 

Management Act 1991. Currently there are 427 registered whitebait stands (Speirs et 

al., 2010). The Department of Conservation retains responsibility for ensuring 

compliance with the whitebait regulations as they pertain to the use of stands. 

Evidence from discussions with tangata whenua during the consultation hui for this 

Study, Department of Conservation reports and the media shows that conflicts 

between whitebaiters are increasing. As the number of people fishing continues to 

increase, conflicts will arise because of a shortage of fishing sites along the river 

banks. This issue requires management of the whitebaiters and does not affect 

restoration of the fish stocks (see Appendix 6: Whitebait). It is therefore a 

governance issue requiring better education and management of the whitebaiters’ 

behaviour by the managers of this fishery, the Department of Conservation. 

3. Tuna 

The five river iwi are also concerned about issues pertaining to the management of 

the Waikato River tuna fishery. These issues include:  

• That commercial fisherman are allowed to take a relatively large amount of 

tuna compared to recreational and customary fishers and are, therefore, 

considered to be over-fishing this resource. 

• That the resource is being exploited for financial gain. 

• That there is an inability by iwi to implement traditional sustainable 

management tools such as raahui.  

The management of the New Zealand eel fishery (longfin, shortfin and Australian 

(spotted) longfin) is currently the responsibility of the Ministry of Fisheries (MFish) 

who are bound, under the Fisheries Act 1996, to: “…provide for the utilisation of 

fisheries resources while ensuring sustainability”  (see Appendix 5: Tuna). North 

Island tuna stocks were introduced into the Quota Management System on 1 

October 2004.  There are four stocks for each of the species in the North Island with 

the Waikato falling into Area 21 (see Appendix 5: Tuna). Total allowable catches 

(TAC) in each management area are set under Section 14 of the Fisheries Act 1996 

and are regularly updated “to ensure the best possible outcomes consistent with the 

purpose of the Act are produced” (MFish, 2009). In setting or varying any total 

allowable commercial catch (TACC) under section 21 of the Act, the Minister of 

Fisheries has to take account of the TAC and allow for Maaori customary non-



commercial fishing interests, as well as recreational interests and other mortality 

caused by fishing (MFish, 2009). Current allowances for Area 21 are given in 

Appendix 5 Tuna. 

Tuna is a difficult fishery to manage because the relative importance and interaction 

between habitat, recruitment and fishing pressures have not yet been quantified. 

There is no control on the life stages of tuna while at sea so restoration efforts have 

relied on activities that enhance the population while in freshwater (see Appendix 5 

Tuna).  

In terms of fisheries management, one of the four approaches suggested to restore 

the Waikato River tuna fishery in this Study includes:  

• Revising the tuna catch regulations to maximise the return per recruit and 

ensure that sufficient adults reach sexual maturity. (These regulations will 

need to be applied, not only within the Waikato River catchment, but 

nationwide through catch limits, raahui and the creation of reserves, if they 

are to have any positive impact. For shortfins there may also need to be 

coordination of control with Australian authorities). 

To restore tuna within the Waikato River catchment a tuna management plan with 

clear and realistic goals needs to be implemented. The plan will need to be adaptive, 

take account local, regional and national interests and be able to identify information 

gaps and means to answer them. Tuna population monitoring, surveillance and 

enforcement will be integral components of the plan. In conjunction with resource 

owners and managers, it will be essential to develop and implement shortfin and 

longfin tuna management plans that take into account the aspirations of 

stakeholders for each of these fisheries (e.g., the Lake Waahi puhi fishery) to restore 

and maintain a sustainable tuna fishery in the Waikato (see Appendix 5: Tuna).  

4. Waikato-Tainui Raupatu Claims (Waikato River) Settlement Act 2010 

In the Waikato-Tainui Raupatu Claims (Waikato River) Settlement Act 2010 the 

Crown acknowledges (a) the importance to Waikato-Tainui of authorised customary 

activities and the use of traditional whitebait stands and eel weirs, and (b) the 

importance to authorised customary activities and use of traditional whitebait stands 

and eel weirs as an integral part of the relationship of Waikato-Tainui with the 

Waikato River. Other provisions state that: 

• Authorities must seek and have particular regard to resource consent 

applications/permits on Waikato-Tainui of authorised customary activities 

and the use of traditional whitebait stands and eel weirs, and assess the 

effects of the activity on the authorised customary activity. 

• A member of Waikato-Tainui carrying out an authorised customary activity is 

not liable to pay, for carrying out the activity, a coastal occupation charge 

provided for in a regional coastal plan or any other charge. 



• Members of Waikato-Tainui may (a) continue to use, maintain and alter their 

traditional whitebait stands and eel weirs that were in the Waikato River on 

17 December 2009, and (b) replace their traditional whitebait stands and eel 

weirs that were in the Waikato River on 17 December 2009 with other 

traditional whitebait stands and eel weirs in the Waikato River. 

• Joint management agreements between local authorities and the Waikato 

Raupatu River Trust must include processes relating to customary activities, 

including: 

� A process for parties to explore (a) whether customary activities 

could be carried out by Waikato-Tainui without need for statutory 

authorisation from local authority, and (b) whether customary 

activities could be provided as permitted activities in relevant 

Regional or District Plans. 

� A process for the council or the Waikato Raupatu River Trust to 

carry out (whole or part) the functions of the harbourmaster in 

relation to the carrying out of authorised customary activities. 

� A process for the development of appropriate protocols between 

local authorities and the Waikato Raupatu River Trust to the 

customary practice of placing raahui on part of the Waikato River. 
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Appendix 8: Fish Research 

This paper outlines additional research that would be useful in the restoration of the 

fisheries in the Waikato River.  

1. Lamprey 

Historically piiharau were harvested en route to their spawning grounds in New 

Zealand rivers, including the Waikato River. Today, piiharau are rare in the Waikato 

River and most other New Zealand rivers. Reasons for this decline are unknown but 

not related to overharvest. The construction of dams that block upstream migrations 

is clearly a factor causing a decline in abundance in this species in some rivers, but 

not all and, therefore, cannot explain the nationwide decline of this species. Habitat 

degradation related to changed land use is likely to be a major factor, but until more 

is known about the freshwater habitats of piiharau, this cannot be proven. 

Restoration actions to restore the species will only be effective if the factors causing 

a decline can be clearly identified. Therefore research is required to identify the 

spawning habitat of lamprey and to determine more about the ecological 

requirements of the ammocoete larval stage. Identification of spawning grounds 

would be possible using new tagging technologies but this study would need to be 

carried out in a small river for logistical reasons. Identification of key factors limiting 

ammocoete larvae could be carried out in the Waipa River, as the larvae are 

widespread in this system. The cost of a five year programme is estimated to be 

$150k per annum. This research would be nationally beneficial and not just restricted 

to the Waikato River. 

2. Freshwater mussels  

Kaakahi/kaaeo (freshwater mussels) still occur in the Waikato River and in the 

riverine lakes where large stocks once occurred. Restoration of this species (and of 

kooura (freshwater crayfish)) in the lakes will be dependent on the restoration of 

water quality and substrate composition in these environments. However, in the 

river, restoration of kaaeo/kaakahi will require a targeted programme to determine 

the location of remaining populations coupled with research to identify factors that 

are limiting or reducing the physical habitat and the recruitment of juveniles to it.  

The cost of a five year programme would be in the order of $100k per annum. 

3. Tuna stocking 

Restoration of tuna fisheries in the reservoirs involves the trap and transfer of elvers 

from the base of the Karaapiro Dam into the reservoirs. At present, this operation is 

working but there is a large loss of elvers related to either their small size (i.e., 

vulnerability to predation) or to current stocking practice (i.e., the location and 

abundance) which will severely limit the scope and effectiveness of tuna stocking to 

restore the fishery. Research is therefore required to determine the relative success 
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of different stocking practices for elvers. This is budgeted for in the NIWA research 

programme proposed to FRST.   

 
4. Tuna production 

Tuna feed heavily on terrestrial foods in flooded marginal land, much of which has 

been lost through channelisation and flood protection works. However, the value of 

flood plains for tuna production is unknown. Studies using carbon isotopes are 

required to determine the proportion of tuna muscle contributed by terrestrial as 

against aquatic prey to identify the importance of flood plains for tuna production. 

This research is estimated to cost $150k for one year with another $50k for a second 

year.  

5. Pest fish control 

Pest fish control is fundamental to the restoration of the fisheries and lakes in the 

Waikato River. At present, few tools (e.g., netting, rotenone, electric fishing) are 

available for this. Knowledge of when and where to apply them, and to what species, 

is lacking. As a consequence, current control is a relatively ineffective. Although it is 

now well established that pest fish in general are impacting on the rivers ecology, 

there is a lack of knowledge on the causes of the impact and on the life history 

vulnerabilities of the species. Additional research would provide better evidence-

based management, targeting the problem species and specific life stages of the pest 

fish. The development of such research is estimated to cost $500k per annum for at 

least ten years.  

6. Whitebait fishery 

A major factor influencing the whitebait fishery in the Waikato River is the West 

Coast marine environment. Better knowledge of how marine conditions (especially 

water temperature, food supply and current movements) affect whitebait survival 

and distribution off the Waikato Coast is required to help inform river-based 

management. At present, the lack of such information means that the results of 

river-based management schemes cannot be assessed and may, therefore, be in vain. 

New approaches such as the extraction of life history and temperature data from 

otoliths and RNA typing mean that this is now possible. This research is estimated to 

cost $150k per annum for five years.  

7. Lake restoration and fisheries  

One of the major information gaps involved in fishery restoration in the lakes, is the 

change in food webs and how this has affected the native fish species. Fisheries 

experts in the Study team think that food rather than habitat (or predation) may now 

be the major limiting resource for native fish (tuna and whitebait). If the main pest 

fish species that compete with native species for food cannot be eradicated and/or 

sustainably controlled, then partial recovery of native fish may be possible through 
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the installation of artificial reefs, wave barriers and other in-lake structures. Such 

structures would need to provide an increase in food that cannot be readily accessed 

by pest fish. A risk is that they may provide more advantage to juvenile pest fish than 

to native fish species. Research is therefore required to determine the design and 

viability of such structures for ‘native species’ enhancement. This would be required 

if lake restoration measures cannot remove or eradicate the pest fish species.   
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Appendix 9: Farms 

1. Introduction 

The degraded state of the Waikato River is seen to be a major cause for concern to 

Maaori (NIWA et al., 2009). Farms in the Waikato catchment are a major source of 

contaminants to the river. Farm runoff can contain nitrogen (N), phosphorus (P) 

sediment and faecal micro-organisms which can all have a significant adverse effect 

on river water quality. In order to identify actions that could be undertaken to reduce 

inputs of farm contaminants to the river, eight model farm types representative of 

existing farms in the Waikato catchment have been developed. For each of these 

farms, assessments have been made of the costs associated with actions which could 

be taken to reduce pollutant losses. The following economic and environmental 

indicators were derived for each of these model farms during this process: 

1. Farm profitability. 

2. Additional capital requirements for mitigating farm pollutant losses. 

3. Nitrogen (N), phosphorus (P), sediment and faecal microorganism losses to 

water. 

2. Model farms  

Descriptions of eight model farms have been developed. Three are dairy (on either 

free-draining, poorly-draining or peat soils), three are sheep-beef farms (on 

landscapes of contrasting steepness and thus stocking rates), one is a forestry farm 

and the last is a horticulture-cropping farm. Attributes of the dairy and sheep-beef 

farms are shown in Tables 1 and 2, respectively. 

Various information sources were used to define these models.  For the dairy farms, 

dairy statistics (LIC, 2009) were used as a guide for stocking rates, milksolids 

production and farm areas. This was supplemented with farm management 

information from sources such as the Toenepi dairy catchment study (e.g., 

Monaghan et al., 2009; Wilcock et al., 2007) plus local and institutional knowledge.  

The modelled dairy farms represented most of the total area needed to grow feed 

for the typical Waikato dairy herd (i.e., areas used for maize production were 

included in the farm hectares). Being sourced from abroad, palm kernel expeller 

(PKE) was not considered in this calculation of total dairy system area. All 

replacement stock was assumed to be reared and wintered on-farm. The stocking 

rate and milk production figures shown in Table 1 are therefore slightly less than 

those given in LIC (2009). 
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Characteristics of the model sheep-beef farms were derived from model farms 

defined by Meat and Wool New Zealand Limited (MWNZ, 2010): 

• A Class 3 farm is defined as North Island Hard Hill Country, which is 80 

percent steep hill country and low fertility sedimentary soils with most farms 

carrying 6–10  stock units per hectare (su/ha). While some stock are finished, 

a significant proportion are sold in store condition.   

• Class 4 is North Island Hill Country, which is 80 percent easy hill country with 

more fertile volcanic soils than Class 3, mostly carrying between 8–13 su/ha.  

A high proportion of sale stock sold is in forward store or prime condition.   

• Class 5 is North Island Intensive Finishing farms, which is easy contour rolling 

farmland on volcanic soils with the potential for high production; most carry 

between 8–14 su/ha. A high proportion of stock is sent to slaughter and 

replacements are often brought in. 

With the assistance of Dr Andrew Manderson from AgResearch Grasslands, actual 

data inputs (farm stocking rates, coverage and major soil group present) for each of 

the model farms were refined using a GIS analysis of farms identified as sheep-beef 

units within the Waikato River catchment.   

Table 1:   Attributes of the model dairy farms. 

Farm attribute Units Free-draining Poorly-draining Peat 

Main block ha 114 114 114 

Effluent block ha 17 17 17 

Maize ha 8 8 8 

Total farm area ha 139 139 139 

Topography  Rolling Flat Flat 

Cows  339 327 314 

Stocking rate cows/ total ha 2.44 2.35 2.26 

Coverage
1
 ha 224,521 47,885 47,950 

Milksolids kg/cow 359 361 372 

 kg/ha 879 848 840 

Fertiliser N, P, K kg/ha/year 115, 49, 56 115, 49, 56 119, 49, 56 

Imported PKE
2
 kg DM/ha/year 870 835 726 

1
Estimate of area occupied by model farm within the Waikato River catchment. 

2
Palm kernel expeller. 
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Financial metrics for the forestry model farm were supplied by Brian Bell of Nimmo-

Bell & Company Ltd. These were used to calculate gross margins, from which 

mitigation costs could be derived (described later).  

Attributes of the horticultural farm were derived by Dr Tony van der Weerden, 

AgResearch, Invermay, and cropping records were taken from Kerr et al., (2006) and 

MAF (2009). This information was used to construct a representative model farm 

that consisted of potatoes (25 ha), onions (19 ha), kiwifruit (5 ha) and sweetcorn (2 

ha).   

Table 2:   Attributes of the model sheep-beef farms. 

Farm attribute Units Class 3 Class 4 Class 5 

Total farm area ha 635 290 300 

Topography  Steep hill Easy hill Rolling and easy hill 

Stocking rate SU per ha 8 10.5 12 

Coverage
1
 ha 176,198 96,108 48,054 

Fertiliser N, P, K kg/ha/year 0, 17, 2 10, 27, 12 50, 29, 19 
1
Estimate of area occupied by model farm within the Waikato River catchment (provided by Dr Andrew Manderson, 

AgResearch, Grasslands). 

 

3. Modelling approach 

3.1 Dairy farms 

Five key indicators were derived for each of the model farms: 

1.  Farm profitability, $/ha/year. 

2.  N leaching losses to water, kg/N ha/year.   

3.  P loss to water, kg P/ha/year. 

4.  Sediment loss to water, kg/ha/year. 

5. Losses of the faecal bacteria Escherichia coli (E. coli) to water, MPN x 

109/ha/year. 

The Farmax Dairy Pro model (Bryant et al., 2010) was used as the modelling tool to 

define the base milksolids production and profitability of each model dairy farm. This 

approach ensured that farms maintained feasibility as successive mitigation 

interventions were introduced. The Farmax Dairy Pro model also provided 
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assessments of cash operating profit, which was used as the key financial indicator of 

farm economic success. A milksolids payout of $6 per kg was used in all the modelling 

of mitigation actions. Actions were grouped to represent different cost-effectiveness 

profiles. 

Four sources of farm-derived contaminants were considered in the modelling: 

• Paddock losses. 

• Direct deposition of faecal material to un-fenced streams. 

• Runoff from tracks and laneways. 

• Losses due to mis-management of the farm dairy effluent (FDE) system. 

The Overseer
® Nutrient Budgeting model (hereafter referred to as Overseer) was 

used to derive estimates of N and P losses from paddocks to water. Inputs from 

direct deposition of cow excreta into un-fenced streams (56 percent of stream length 

(Storey, 2010)) were derived using algorithms contained in the BMPToolbox 

(Monaghan, 2009) and added to the Overseer estimates. Runoff from tracks and 

laneways was then added to this combined figure, based upon results and 

assumptions given in Smith and Monaghan (2009). A final contribution from effluent 

mis-management was added, assuming that current accident rates due to negligence 

and management inaccuracies results in 1 percent of FDE being transferred directly 

to streams. 

Estimates of sediment yields from each of the model dairy farms were derived using 

the Revised Universal Soil Loss Equation, assuming slopes of 6, 3 and 2o for farms on 

free-draining, poor-draining and peat soils, respectively, and soil erodibility factors of 

0.01, 0.02 and 0.01, respectively (Renard et al., 1997). 

Inventories of sources and pathways of E. coli transfers from farms to water were 

constructed to help make an assessment of the effectiveness of mitigation practices 

on reducing these losses from the free-draining and poorly-draining model dairy 

farms; the model dairy farm on peat soil was not considered in this analysis due to a 

lack of data and understanding about how peat soils behave with respect to losses of 

faecal bacteria in drainage/overland flow. Eight distinct potential sources were 

however identified for the other 2 model dairy farms: 

1. Overland flow, discharging the equivalent of 8 x 109 or 224 x 109 

MPN/ha/year from free- and poorly-drained soils, respectively. 

2. Subsurface pipe drainage systems on the poorly-drained soils, discharging 

116 x 109 MPN/ha/year. 
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3. Groundwater seepage to the stream discharging the equivalent of 3 x 109 or 

1 x 109 MPN/ha/year from free- and poorly-drained soils, respectively. 

4. Direct deposition of cow excreta to streams, potentially depositing the 

equivalent of 207 x 109 MPN/ha/year. 

5. Discharges from 2-pond treatment systems.  It was assumed that 20 percent 

of farms remained on a 2-pond treatment system, potentially discharging the 

equivalent of 18 x 109 MPN/ha/year. 

6. Direct drainage of farm dairy effluent through pipe drainage systems on the 

poorly-drained soils, potentially discharging 234 x 109 MPN/ha/year. 

7. Runoff from tracks and laneways, potentially discharging the equivalent of 12 

x 109 or 24 x 109 MPN/ha/year for farms on free- or poorly-drained soils, 

respectively. 

8. Inputs due to accidents or mis-management of the FDE system, potentially 

discharging the equivalent of 13 x 109 MPN/ha/year. 

For modelling the actions described below, it was assumed that action A would 

remove sources 4, 5 and 6 listed above; the implementation of action B was assumed 

to also remove source number 7.  Inputs from source number 8 were assumed to 

reduce to 6 x 109 and 1 x 109 MPN/ha/year under dairy farm actions A and B, 

respectively. 

3.2 Sheep and beef farms 

As for dairy farms, cash operating profit, and N, P and sediment losses to water were 

estimated for each of the model sheep-beef farms. Due to a paucity of data, area-

specific yields of E. coli to water were not able to be derived. Proportional reductions 

in faecal yields due to assumed mitigation interventions (described later) were 

instead estimated based on the expert opinion (Table 3). This expert knowledge and 

opinion was similarly used to make estimates of N, P and sediment reductions for 

each mitigation action evaluated (Table 3). 
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Table 3:  Rationale and estimated reductions in E. coli, suspended sediment (SS), total 

phosphorus (TP), and total nitrogen (TN) in response to mitigation actions on sheep 

and beef farms. 

Mitigations E.coli 

reduction 

SS 

redn 

TP 

redn 

TN 

redn 

Rationale 

Stream 

fencing cattle 

out  

40%
1
, 

20-35%
2
 

30%
3
,
 

30-90
2
  

10%
3
,  

 

7%
3
 

 

1
Calc from cattle faeces @ 2% defecation in 

streams (Bagshaw, 2002; Collins et al., 2007); 
2
= 

P21 stocktake (McKergow et al., 2007); 
3
= 

medians of non-storm samples concentrations at 

site PW3 at Whatawhata in years 0-3 post 

establishment before poplar effects were strong 

(Quinn, unpublished data). 

Stream 

fencing cattle 

out and 

streambank 

poplars 

40%
1
 55%

2
 15%

2
  10%

2
 

 

i
Calc from cattle faeces @ 2% def in streams and 

2% on banks; 
2
as median of non-storm sample 

concentrations at PW3 in years 6-8 post 

establishment after poplar effects developed 

(Quinn, unpublished data). 

Stream 

fencing all 

stock out 

60% 50% 15% 15% Estimates based on cattle fenced out above and 

assuming sheep have lesser direct input and 

bank damage than cattle. 

5 m wide 

unplanted 

buffer and 

wetlands 

fenced 

65% 55% 45% 20% Informed particularly by Smith, (1989); Quinn 

and Stroud, (2002); Collins et al., (2004, 2005); 

Dodd et al., 2008 and McKergow et al., (2007). 

5 m planted 

buffer and 

wetlands 

fenced 

65% 60% 55% 35% Informed particularly by Smith, (1989); Quinn 

and Stroud, (2002); Collins et al., (2004, 2005); 

and Dodd et al., (2008). 

15 m planted 

buffer and 

wetlands 

fenced 

75% 65% 65% 40% Informed particularly by Smith, (1989); Quinn 

and Stroud, (2002); Collins et al., (2004, 2005); 

and Dodd et al., (2008). 

Troughs & 

Non-riparian 

shade 

10% 10% 5% 3% Estimated assuming this reduces stock access to 

water by about 25% (Byers et al., 2005). 

Pine 

afforestation 

80%
3
 65% 65% 60% 

3
Based on Donnison et al., (2004). Others 

informed particularly by Quinn and Ritter, (2003) 

(Purukohukohu); Dodd et al., 2008 (WW 

modelling) and Quinn and Stroud, (2002) 

tempered by afforested (PW2) findings at WW 

where reduction in median <20% in first 8 years 

after pine planting (Quinn, unpublished data), 

 

The Farmax
®

 Pro model (White et al., 2010) was used as the modelling tool to define 

the base production and profitability of each model sheep-beef farm. The 
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profitability figures reported in the accompanying summary table have had an annual 

management wage deducted. Overseer was again used to derive estimates of N and 

P losses from paddocks to water.  Inputs from direct deposition of sheep excreta into 

un-fenced streams (61 percent of stream length; from Storey, 2010) were derived 

using algorithms contained in the BMPToolbox and assuming that 0.75 percent of 

sheep excreta was deposited directly to streams (Monaghan, 2009). These direct 

inputs were added to the Overseer estimates of N and P loss to calculate total farm 

losses. 

3.3 Forestry farm 

Production and financial metrics for the forestry model farm were supplied by Brian 

Bell of Nimmo-Bell and Company Ltd (see Appendix A at the end of this paper). Yields 

of N and P from this model farm are estimates representing the average for a 

plantation life cycle (i.e., spread over growth and harvest phases). These estimates 

were derived from values reported in the literature (Wilcock, 1986; Cooper and 

Thomsen, 1988; Quinn and Ritter, 2003). Estimates of sediment yields were again 

derived using the Revised Universal Soil Loss Equation, assuming a slope of 17o and a 

soil erodibility factor of 0.01 (Renard et al., 1997). Due to a paucity of data, area-

specific yields of E. coli to water were not able to be derived. Proportional reductions 

in faecal yields due to assumed mitigation interventions (described later) were 

instead estimated based on expert opinion. 

3.4 Horticulture and cropping farm 

Production and management characteristics of the horticulture-cropping model farm 

were based on the expert opinion of Dr Tony van der Weerden, AgResearch, 

Invermay. This information was used to construct Overseer nutrient budgets for each 

of the component cropping blocks. Estimates of N and P losses to water were taken 

from these nutrient budgets.  Estimates of the profitability of each component crop 

were obtained from local expert opinion (Crop and Food, Pukekohe) and MAF (2009). 

Estimates of sediment yields were again derived using the Revised Universal Soil Loss 

Equation, assuming a slope of 2o, a soil erodibility factor of 0.01 and a crop 

management factor of 0.2 (Renard et al., 1997; Basher et al., 1997). Due to a paucity 

of data, area-specific yields of E. coli to water were not able to be derived.   

3.5 Stream characteristics 

Stream density 

One of the key metrics influencing the costs of stock exclusion on farms is the density 

of streams (i.e., length (m) per ha). Initially, GIS data was used to compile an 
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assessment of stream lengths for some of the landscapes relevant to each model 

farm. However, it soon became apparent that these estimates were too low. Storey 

and Wadhwa (2009) document some of the reasons why this is so and provide an 

indication as to how currently mapped stream densities within GIS data layers could 

be scaled to provide a closer approximation of actual stream lengths. Scaling for the 

model farms in the Waikato River catchment provided the following stream densities 

that were used for our modelling assessments: 

• 35 m/ha for dairy farms. 

• 60, 50 and 40 m/ha for class 3, 4 and 5 sheep-beef farms, respectively. 

• 60 m/ha for the forestry farm. 

Stock exclusion 

The assumed extent of stock exclusion from streams on the model farms was taken 

from Storey (2010). This survey suggested that 44 percent of stream lengths on dairy 

farms were currently fenced to exclude stock (i.e., 56 percent of lengths remained to 

be fenced), and 39 percent of stream lengths on sheep-beef farms were currently 

fenced to exclude stock (i.e., 61 percent of stream lengths remained to be fenced). 

4. Mitigation practices 

4.1 Dairy farms 

Four mitigation actions (numbered A–D in the accompanying results table) were 

developed for the model dairy farm types. Actions A, B and D represented a 

progressive level of adoption of Best Management Practices on a conventional dairy 

unit.  In contrast, action C represented a transition from the base farm to an organic 

dairy unit, but with all of the relevant Accord-type Best Management Practices 

modelled in action A also implemented. This organic dairy option was evaluated as a 

potential strategy for mitigating N losses and was not assumed to have any major 

effect on P, sediment or E. coli losses (other than the benefits gained from 

implementing action A, which is not specific to an organic system). The specific 

management practices modelled for each mitigation action are described in Table 4 

and the predicted effects on cash profit and contaminant reductions of these actions 

are shown in Table 5. 
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Table 4:  Summary of dairy farm actions. 

 

Action Description 

Action A Full stock exclusion from streams using single-wire fencing. 

 Soil Olsen P levels reduced from 38 to 32 (economic optimum). 

 Effluent areas enlarged appropriate to effluent K loading rates. 

 Additional 1 month’s effluent pond storage; low application depth. 

Action B All action A managements adopted. 

 Use of nitrification inhibitors (5% pasture production response assumed). 

 Wetlands installed on 1% of farm area (fencing out of seeps and bogs). 

 5 m buffers around all stream reaches, planted in natives. Berms on sections of 

lanes to direct runoff away from streams. 

Action C Base farm change to an organic dairy unit: assumed milksolids premium for 

organic milk of $1.05/kg MS. Farm inputs of purchased feed and fertiliser N 

reduced to nil. Profitability assessments relative to base farm made using the 

comparative study reported by Shadbolt et al., (2009) 

Action D All action B managements adopted. 

 Winter grazing of paddocks for 4 hours only, then herds returned to a herd 

shelter (capital cost of $1350 per cow) for shelter. 

 

Each action was run through the Farmax Dairy Pro and Overseer models to derive 

estimates of likely changes in farm productivity and nutrient loss. These modelling 

steps were necessary to account for likely changes in pasture growth rates and thus 

cow stocking rates and nutrient losses.   

The financial costs associated with each mitigation action were assessed.  These were 

separated into capital costs (e.g., fencing materials, larger effluent ponds or a herd 

shelter) and the annualised cost associated with introducing each mitigation 

management. The latter considered the opportunity cost of capital (8 percent), 

depreciation, maintenance, additional labour and feed requirements, and revenue 

foregone as a result of land lost to production. Any financial benefits expected from 

implementing measures were deducted from the net overall annualised cost. These 

benefits can be important where a measure reduces farm operational costs (e.g., 

reduced fertiliser costs).   
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Table 5:  Summary of costs and contaminant reductions associated with dairy farm 

mitigations. Values are percent (%) reductions from modelled base farm scenario. 

 

Indicator Actions Free-draining Poorly-draining Peat 

Cash Profit Action A 20 -2 3 

 Action B 4 12 19 

 Action C 13 13 11 

 Action D 22 30 28 

     

N Action A 16 17 26 

 Action B 62 44 64 

 Action C 43 45 43 

 Action D 66 50 69 

     

P Action A 75 61 35 

 Action B 89 74 63 

 Action C 75 61 35 

 Action D 89 74 63 

     

Sediment Action A 15 15 7 

 Action B 51 52 77 

 Action C 15 15 7 

 Action D 51 52 77 

     

E coli Action A 79 45 Nd 

 Action B 93 57 Nd 

 Action C 79 45 Nd 

 Action D 93 57 Nd 

Nd = Not determined. 

 

4.2 Sheep and beef farms 

Four mitigation actions were developed for each of the model sheep-beef farms 

(Table 6). Actions A–D represents a progressive level of adoption of Best 

Management Practices. 
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Table 6:  Summary of sheep-beef farm actions and associated costs and contaminant 

reductions. 

Action Description 

Action A Exclusion of cattle from streams using single-wire electric fencing ($2/m) 

and provision of stock troughs and water supply ($2/m). Total cost = $6/m 

of stream to fence both sides. 

Assumed reductions in N, P, sediment and E. coli yields: 7, 10, 30 and 40%, 

respectively. 

Action B As per action A, but with poplar plantings (with sleeves) at 10 m spacings 

on each side of streams.  Total cost = $8/m of stream to fence both sides. 

Assumed reductions in N, P, sediment and E. coli yields: 10, 15, 55 and 

40%, respectively. 

Action C Full stock exclusion from stream using an 8-wire post and batten fence, 

allowing a 5 m buffer planted with natives at 2500/ha (pb2).  Total cost = 

$59/m of stream to fence both sides. 

Assumed reductions in N, P, sediment and E. coli yields: 15, 15, 56 and 

60%, respectively. 

Action D Full stock exclusion from stream using an 8-wire post and batten fence, 

allowing a 15 m buffer planted with natives at 2500/ha (pb2).  This larger 

buffer made the riparian area compliant for obtaining a carbon credit ($25 

per tonne) at an assumed equivalent carbon accumulation rate of 5 tonnes 

per hectare per year.  Total cost = $108/m of stream to fence both sides.  

These costings include components for site preparation, weed control and 

monitoring of plant establishment and survival ($40,000 per equivalent 

ha). 

Assumed reductions in N, P, sediment and E. coli yields: 40, 65, 65 and 

75%, respectively. 

From a practical point of view, and with the exception of action B, implementation of 

these actions was considered as independent options that could be adopted by a 

farmer.  Thus, an individual could choose to implement action C if they chose to, but 

is then unlikely to choose to implement action D at a later date given the high capital 

and labour costs already incurred when implementing action C. Similarly, an 

individual is unlikely to choose to implement action A today, then action D at a later 

date because they would in effect have wasted money on the single wire fencing that 

would be made redundant when/if action D was implemented. 

4.3 Forestry farm 

One action was modelled for the forestry farm.  This addressed the impacts of forest 

harvesting on pollutant losses. For this modelling assessment, we assumed that 

future best practice for the forestry industry would be to minimise the disturbance of 

forest streams by leaving a 5 m un-harvested buffer around each stream.  The 

general principles of this approach have been agreed to by the industry and are in 

draft document form (National Standards for Forestry).  For our model farm stream 

density of 60 m/ha, this would affect 6 percent of the forest area.  Assuming that half 

of this buffer area would have been non-productive anyway, the net consequence of 
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the implementation of the un-harvested buffers was a 3 percent reduction in 

harvestable area.  The main benefits of this mitigation strategy are related to 

improved stream shading and habitat protection and reduced sediment yields (20 

percent reduction). Only modest reductions in N (10 percent) and P (15 percent) 

yields were assumed and modelled here. 

4.4 Horticulture and cropping farm 

One action was modelled for the horticulture-cropping farm.  This addressed 

fertilisation and soil management practices that aimed to reduce N, P and sediment 

losses.  The assumed management improvements were: 

• Nitrogen fertilisation of the potato crop was reduced from 570 to 250 kg 

N/ha/year. Phosphorus fertilisation of the potato crop was reduced from 55 

to 10 kg P/ha/year to make use of the considerable reserves of soil P (Olsen P 

test of 200 assumed). 

• Nitrogen fertilisation of the onion crop was reduced from 156 to 106 kg 

N/ha/year. Phosphorus fertilisation of the onion crop was reduced from 112 

to 45 kg P/ha/year to make use of the considerable reserves of soil P (Olsen P 

test of 200 assumed). 

• Improved soil management techniques increased the value of the product of 

the cropping x support practice factors used in the RUSLE from 0.2 to 0.5.   

Contour planting, contour drainage, cover crops, bunding and grassed 

waterways are some of these improved management techniques that are 

known to reduce sediment transport from soils used for market gardening 

(Basher et al., 1997; MfE, 2001; EW, 2010). 

5. Results 

The key findings from this modelling assessment are summarised below in terms of 

mitigation of N and P, sediment, and faecal bacteria losses from the various types of 

farm land. Cost abatement graphs for each of these mitigations are summarised in 

Figures 1–3. 

5.1 N and P mitigation 

• Because of the very high N and P fertilisation rates used (and thus consequently 

high per hectare N and P losses) on the horticulture model farm, improved 

fertilisation techniques represent the easiest and most cost-effective way of 

reducing N and P losses in the catchment (although only by a maximum of about 

4 percent of whole catchment loads). 
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• The next most cost-effective measure is the implementation of action A on all 

dairy farms.  This has the multiple benefits of significantly reducing N, P and 

faecal bacteria losses from these farms (particularly from the poorly-drained 

dairy farms). 

• Mainly from a N mitigation perspective the next most cost-effective action is to 

implement action B (nitrification inhibitors, wetlands and track/laneway 

containment) on all dairy farms. Thereafter, the simple stock exclusion measures 

(actions A and B) on class 5, 4 and 3 sheep-beef farms become the next cost-

effective measures for reducing N in the catchment, in that order. The 

implementation of action D on sheep-beef farms and poorly-drained dairy 

farms, and the implementation of the single forestry action (5 m un-harvested 

stream buffers), are estimated to be the least cost-effective measures for 

mitigating N loss. Organic dairy production proved to be another reasonably 

cost-effective option for N mitigation, costing between $15 and $23 per kg of N 

conserved, depending on farm type.  Assuming that action A had first been 

implemented on all dairy farms, and that dairy actions B and C are mutually 

exclusive, organic dairy production was in fact the next most cost-effective N 

mitigation measure at a whole-catchment level. 

• From a P mitigation perspective alone for further P mitigation, the 

implementation of action B on sheep-beef farms is estimated to be a more cost-

effective way of decreasing P losses than implementing action A.  Thereafter, 

the costs for additional P mitigation jump considerably (to in excess of $300 per 

kg P) for the other modelled actions. 

 

 



  

 
14 

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

10000

-100 -50 0 50 100 150

N
 r

e
d

u
ct

io
n

, 
To

n
n

e
s 

p
e

r 
ca

tc
h

m
e

n
t

Expenditure, $M

Cumulative abatement, tonnes N 

Cumulative abatement, (no organic dairy): T 

N/catchment

Cumulative abatement (organic dairy option)

 
 

Figure 1:   Cumulative N abatement curve for 2 management actions for farms within the 

Waikato River catchment: (a) following a conventional production system for model 

dairy farms (red line), and (b) following an organic dairy production system (blue 

line), assuming all dairy action A mitigations are first in place. 

5.2 Sediment mitigation 

• Improved soil management techniques were estimated to be the most cost-

effective approach for reducing sediment transport from soils used for market 

gardening.  We do note however that the estimate of net financial cost (in this 

case a negative value, or a net financial benefit) associated with implementation 

of the single action for horticulture-cropping is solely due to the reduced 

fertilisation costs; the costs associated with the sediment control measures 

assumed for this action are assumed to be fully off-set by the value of retained 

topsoil and topsoil fertility under this improved management action. 

• The next most cost-effective measures for sediment are then to implement 

actions A and B on the sheep-beef farms, followed by implementation of the 

single forestry action, and then action A on all dairy farms.  The implementation 

of action D on all the sheep-beef model farms was the least cost-effective 

sediment mitigation option (ignoring action C for these sheep-beef farms). 
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Figure 2:   Cumulative P abatement curve for farms within the Waikato River catchment.   

 

A consistent finding from the modelling analysis was that action D for the sheep-beef 

farms was a more cost-effective approach for reducing N, P and sediment losses than 

action C.  This indicates that the wider riparian buffers under action D reduced N, P 

and sediment yields by an incrementally greater amount than the incremental cost 

associated with installing the wider buffer margins.  Although a carbon credit was 

included in the costings associated with action D, this credit was only worth an 

annual value of between $15 to $23 per hectare and did little to off-set the large 

annualised costs attached to action D mitigation (346, 310 and 264 $/ha/year for 

class 3, 4 and 5 sheep-beef farms, respectively). 
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Figure 3:  Cumulative sediment abatement curve for farms within the Waikato River 

catchment.   

 

5.3 Faecal bacteria mitigation 

Due to the limited information available and differences in the indicators derived for 

each model farm, it is difficult to make direct comparisons of cost-effectiveness for E. 

coli mitigation between model farms and actions. 

However, for dairy farms we can conclude that: 

• Single wire fencing is a very effective and cost-effective approach for reducing E. 

coli losses. 

• The improved management of FDE on farms with poorly-drained soils is also a 

very effective and cost-effective approach for reducing E. coli losses. 
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• The installation of berms on laneways to prevent runoff directly entering 

streams is also a very cost-effective measure. 

For the sheep-beef farms we can conclude that: 

• Single wire fencing is a very effective and cost-effective approach for reducing E. 

coli losses. 

• Additional riparian protection measures can also help to significantly reduce 

losses, but at significantly greater expense. 
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Appendix A:  Financial attributes of the forestry model farm. 
 

Forestry             

Year ending Total 0 1 2 3 4 5 6 7 8 9 26 

Prunned regime             

Costs             

Land rent/ Op. cost 0            

Land Prep Costs 26,000 26,000           

Planting 120,000 120,000           

Releasing 23,000 23,000           

Pruning Costs 1st prune 82,500     82,500       

Pruning Costs 2nd prune 67,500       67,500     

Pruning Costs 3rd prune 64,000         64,000   

Thin to waste 42,000         42,000   

Annual costs 260,000  10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 

Harvest 1,404,000           1,404,000 

Transport 718,200           718,200 

Carbon admin 0   0 0 0 0 0 0 0 0 0   

Total Costs 2,807,200 169,000 10,000 10,000 10,000 92,500 10,000 77,500 10,000 116,000 10,000 2,132,200 

             

Revenue             

Pruned 2,030,000           2,030,000 

Unpruned 2,200,000           2,200,000 

Pulp 588,000           588,000 

Carbon 0  0 0 0 0 0 0 0 0 0  

Land 0                       

Total revenue 4,818,000 0 0 0 0 0 0 0 0 0 0 4,818,000 

             

Net revenue 2,010,800 

-

169,000 -10,000 -10,000 -10,000 -92,500 -10,000 -77,500 -10,000 

-

116,000 -10,000 2,685,800 

Gross margin $2,010,800 Or $773 /ha/yr Stumapge/ha $26,958 (log revenue at mill/FOB less harvest and transport costs) 
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Appendix 10: Pathogens 

Note:  This appendix should be read in conjunction with Appendix 9: Farms.  

1. Introduction 

The safety of drinking water and water used for contact recreation is of major 

concern to the community (Rutherford and Williamson, 2010). Drinking water 

needs to be of sufficient quality that it can be consumed or used without risk of 

immediate or long term harm. Similarly the water quality in which contact 

recreation activities occur (swimming, skiing, paddling, kayaking), needs to be 

such that accidental ingestion of small quantities of the water does not result in 

illness and that contact with the water does not lead to conditions like skin 

rashes. 

Drinking water is abstracted from the Waikato River, tributaries and 

groundwater in many places. It must be treated to remove particulate matter 

(e.g., fine sediment, phytoplankton), and disinfected to inactivate pathogens 

(bacteria, viruses and protozoa).
1
 While river iwi aspire to drink untreated water 

directly from the Waikato River the Study team does not view this as a likely or 

realistic option, given this country's high reported rate of zoonoses (Till and 

McBride, 2004; Rutherford and Williamson, 2010).
2
 There is also some evidence 

of contamination of drinking water sources by viruses shed by humans 

(Williamson et al., 2010). These could arise either from relatively inefficient 

upstream community wastewater treatment plants or from on-site wastewater 

systems.  

The combination of high nutrient concentrations (as a result of inputs from 

farmland and discharges) and long residence times in the hydro lakes results in 

high phytoplankton biomass and occasional ‘blooms’ of toxic cyanobacteria 

(blue-green algae). The associated toxins can affect public water supplies and 

cause adverse health effects to recreational water users (Rutherford and 

Williamson, 2010). While routine toxin monitoring has been infeasible, new 

techniques using ‘spat bags’ to accumulate cyanobacterial toxins are showing 

promise (see Appendix 20: Cyanotoxin Treatment). 

                                                      
1
 Pathogens are micro-organisms that cause illness. 

2
 New Zealand has a rather high reported zoonoses rate—illnesses caused by pathogens derived 

from animals (cattle, sheep) that are infectious to humans. 
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It is often difficult and impractical to measure the level of pathogens in the 

water directly.
3
 Instead, levels of ‘indicator bacteria’ are measured that provide 

an indication on the likely pathogenicity of the water, providing a feasible 

monitoring approach. For freshwaters the indicator micro-organism used is 

Escherichia coli (E. coli) which is found in the gut of humans, farm animals and 

wildlife, and is a useful indicator of faecal pollution and associated health risks.
4
 

Some diseases—zoonoses—can be caused by microorganisms shed by animals. 

This can occur by direct animal contact or, more commonly, through 

contaminated food and water. High E. coli concentrations in rivers and lakes, 

whether of human or animal origin, therefore indicate a risk to public health 

(Rutherford and Williamson, 2010). 

Environment Waikato specifies that for safe contact recreation “the median 

concentration of E. coli of at least seven samples taken throughout the bathing 

season (1 December to 1 March) in dry weather conditions shall not exceed 126 

E. coli per 100 millilitres…”
5
  

Explicit water-quality standards for drinking-water sources do not exist, it being 

assumed that water treatment systems can provide a sufficient degree of 

treatment in the supplied water to comply with the New Zealand Drinking Water 

Standards. The degree of treatment required does therefore require knowledge 

of the degree of contamination of the source waters. 

2. Description of action(s)  

On-farm measures 

These are described in Table 3 below (for more details see Appendix 9: Farms). 

There are five options available, the first being to maintain the status quo (i.e., 

do nothing further). Increasing restorative actions are applied from the status 

quo up to Action C. Action D also includes organic dairy farming being 

introduced (Monaghan, 2010). 

                                                      
3
 Nevertheless some direct pathogen monitoring can be desirable, e.g., for human viruses (as 

reported for the Waikato River at Huntly by Williamson et al., 2010), Campylobacter and 

Cryptosporidium. 
4
    However, national guidelines recommend that pathogen assays be carried out in situations 

where human exposure takes place in close proximity to discharges of treated sewage. 
5
   http://ew.govt.nz/Policy-and-plans/Regional-Plan/Waikato-Regional-Plan/3-Water-Module/32-

Management-of-Water-Resources/324-Implementation-Methods---Water-Management-Classes-

and-Standards/. 
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Table 1: On-farm management options for dairy and sheep-beef farms (Monaghan, 

2010).  

 Dairy Sheep-beef 

Status quo Present or base situation. Present or base situation. 

Action A  Full stock exclusion from streams 

using single-wire fencing. 

Soil Olsen P levels reduced from 38 

to 32 (economic optimum). 

Effluent areas enlarged appropriate 

to effluent K (potassium) loading 

rates. 

Additional 1 month’s effluent pond 

storage; low application depth. 

Nil winter N fertiliser. 

Exclusion of cattle from 

streams using single-wire 

electric fencing and 

provision of stock troughs 

and water supply.  

Action B All of Action A managements 

adopted. 

Use of nitrification inhibitors (5 

percent pasture production 

response assumed). 

Wetlands installed on 1 percent of 

farm area (fencing out of seeps and 

bogs). 

Berms on sections of lanes to direct 

runoff away from streams. 

5 metre buffer on each side of 

streams, planted with natives. 

Existing fences relocated to protect 

the natives. 

As per Action A. 

Wetlands installed on 1 

percent of farm area 

(fencing out of seeps and 

bogs). 

Poplar plantings (with 

sleeves) at 10 m spacings 

on each side of streams.   

Action C  Base farm change to an organic 

dairy unit: assumed milksolids 

premium for organic milk of 

$1.05/kg MS.   

Farm inputs of purchased feed and 

fertiliser N reduced to nil. 

Full stock exclusion from 

stream using an 8-wire 

post and batten fence, 

allowing a 5 m buffer 

planted with natives at 

2,500 per ha. 

Action D All Action C managements 

adopted. 

Winter grazing of paddocks for 4 hours 

only, then herds returned to a herd 

shelter for shelter. 

Full stock exclusion from 

stream using an 8-wire 

post and batten fence, 

allowing a 15 m buffer 

planted with natives at 

2500/ha.  This larger 

buffer made the riparian 

area compliant for 

obtaining a carbon credit 

at an assumed equivalent 

carbon accumulation rate 

of 5 tonnes per hectare 

per year. 
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Table 2: Faecal loss yields MPN6 per hectare per year (x10) (Monaghan, 2010) and the 

percentage reductions in yields for Actions A to D as compared to the status 

quo. Only percentage reductions were given for sheep and beef (i.e., no actual 

yields). No data were available for Dairy – Peat soils but because peat soils have 

the same drainage type as Dairy – Poor drainage (viz. impeded drainage), the 

reductions calculated for Dairy – Poor drainage were used for Dairy – Peat soils.  

 Dairy – 

Free 

draining 

Dairy – 

Peat soils 

Dairy – Poor 

drainage 

Sheep and 

beef - 

Intensive 

Sheep 

and beef 

– Hill 

country 

Status quo 

 

151  643   

Action A 32 

79% 

45% 352 

45% 

40% 40% 

Action B 11 

93% 

57% 274 

57% 

40% 40% 

Action C 32 

79% 

45% 352 

45% 

65% 65% 

Action D 10 

93% 

57% 275 

57% 

75% 75% 

Table 4 shows the faecal loss yields and percentage reductions for Actions A to D 

for the various land uses outlined above. 

Figure 3 (see the end of this Appendix) shows the median concentrations of E. 

coli in the Study area for 2003−2007 (Unwin et al., 2010).7 Figures 4, 5, 6 and 7 

show median concentrations of E. coli in the Study area for Action A to D 

respectively. These were calculated by using the CLUES package (Catchment 

Land Use for Environmental Sustainability, Semadeni-Davies et al., 2009). CLUES 

has been developed as a tool for assessing the effects of land use and land use 

change on water quality at a minimum scale of sub-catchments (~10 km2 and 

above). CLUES runs within a GIS platform (ArcGIS) and currently predicts loads, 

concentrations and yields of two nutrients (nitrogen and phosphorus), sediment 

loads and yields, and loads of a microbial health risk indicator (E. coli). Because 

CLUES predicts average annual E. coli loads - not concentrations - the 

concentrations in Figures 4 to 7 were obtained by multiplying Unwin et al’s. 

concentrations by the proportional reduction in loads as compared to the Base 

Farm as predicted by CLUES. 

These results, as summarised in Figure 1, show that the biggest gain in terms of 

a reduction in faecal contamination occurs in moving from a status quo position 

                                                      
6     MPN: Most Probable Number. 
7
     The figure shows results for whole-of-year measurements, for wet or dry weather. 
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to Action A. Thereafter gradual improvements are seen with the optimal gain 

occurring with Action D as expected. 
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Figure 1: The percentage of streams that lie within the various E. coli concentration (per 

100 millilitres) bands or ranges (see Figures 1 (b) – 5 (b) and Table 2). On the X-

axis, 1 corresponds to ≤ 55 per 100 millilitres, 2 corresponds to 56 – 126, 3 

corresponds to 127 – 200, 4 corresponds to 201 – 300, 5 corresponds to 301 – 

350, 6 corresponds to 351 – 400, 7 corresponds to 401 – 450, 8 corresponds to 

451 – 500, 9 corresponds to 501 – 550, and 10 corresponds to > 550. 

Table 3: The percentage of streams in the study area that lie within the various E. coli 

concentration (per 100 millilitres) ranges (see Figures 3 (b) – 7 (b) and 1). 

Concentration  

band (E. coli  

per 100 ml) 

≤ 55 56–126 127–200 201–300 301–350 351–400 401–450 451–500 501–550 > 550 

Status quo 2% 4% 11% 19% 9% 8% 11% 9% 6% 20% 

Action A 3% 19% 26% 27% 9% 6% 4% 3% 1% 2% 

Action B 10% 19% 24% 25% 8% 6% 3% 2% 1% 2% 

Action C 4% 28% 28% 22% 6% 5% 3% 2% 1% 1% 

Action D 14% 31% 25% 17% 6% 3% 1% 1% 1% 1% 

 

On-site wastewater system measures 

More regular cleaning of septic tanks would also ensure better effluent quality 

for a proportion (40 percent) of the existing systems that clean less frequently. 

For the unknown number of systems that are sited poorly, remedial actions 
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could include installation of outlet filters and disinfection devices, or 

replacement by a more sophisticated system.  

3. How will the action(s) be done? 

All of the on-farm mitigation measures evaluated require action at the farm 

scale. Farm-specific management plans would be required to ensure that actions 

are compatible with the current farm system (soils, management systems) and 

tailored to the goals of each land owner/manager. Many of the mitigation 

measures evaluated can be considered industry ‘good practice’ (e.g., Dairy 

industry targets set within the Clean Streams Accord). Generally speaking, many 

of these measures involve minimal or no cost and some even incur a net benefit. 

Continued or increased industry, regulatory and peer pressures to ensure these 

measures are fully adopted may deliver considerable benefits in a relatively 

short space of time. Other measures that incur greater cost, and target farming 

systems that are less profitable, will be more difficult to implement e.g., full 

stock exclusion on the more extensive sheep-beef farms. 

4. Where in the catchment will the actions occur? 

On-farm actions have been simulated using the CLUES model by applying 

Actions A to D in terms of percentage reductions in E. coli yields (E. coli yields 

were equated with faecal yields in Table 2) to current land uses for dairy, sheep 

and beef.  

Mitigation zones (see Figure 2) were obtained using the CLUES model as follows. 

Soils in the study area have been split into three drainage types (free drainage, 

impeded drainage and not classified − see Figure 3) obtained from the New 

Zealand Land Resource Inventory (LRI).8 The dairy land use type in CLUES was 

then split into the three categories (free draining, poor draining and peat soils 

see Appendix 9: Farms) using the spatial location of the soil types shown in 

Figure 2. This was done as follows (see Figure 2): 

• Land use that was ‘dairy’ in CLUES, classified as ‘free drainage’ by the LRI 

and categorised as ‘free draining’ in Monaghan, 2010 (see Appendix 9: 

Farms) was designated ‘Diary − Free draining’ in the model. 

• Land use that was ‘dairy’ in CLUES, classified as ‘impeded drainage’ by 

the LRI and categorised as ‘peat soils’ in Monaghan (2010) (see Appendix 

9: Farms) was designated ‘Diary – Peat soils’ in the model. 

                                                      
8
 http://www.landcareresearch.co.nz/databases/lris.asp 
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• Land use that was ‘dairy’ in CLUES, classified as ‘impeded drainage’ by 

the LRI and categorised as ‘poor draining’ in Monaghan (2010) (see 

Appendix 9: Farms) was designated ‘Dairy – Poor drainage’ in the model. 

Sheep and beef farms were also categorised into three categories by Monaghan 

(2010) based on Meat and Wool New Zealand Limited’s classifications (MWNZ, 

2010). These categories were steep hill country, easy hill country and easy 

rolling country (see Appendix 9: Farms). The CLUES model also has three types 

of sheep and beef farms, namely high country, hill country and low land 

intensive. In the model (see Figure 2): 

• Land use that was ‘low land intensive’ in CLUES and categorised as ‘easy 

rolling country’ in Monaghan (2010) (see Appendix 9: Farms) was 

designated ‘Sheep and beef – intensive’. 

• Land use that was ‘hill country’ in CLUES and categorised as ‘easy hill 

country’ in Monaghan (2010) (see Appendix 9: Farms) was designated 

‘Sheep and beef – hill country’. 

• Land use that was ‘high country’ in CLUES and categorised as ‘steep hill 

country’ in Monaghan (2010) (see Appendix 9: Farms) was designated 

‘Sheep and beef – high country’. According to CLUES, there was no ‘high 

country’ in the Study area hence ‘Sheep and beef – high country’ not 

being shown in Figure 2. 

Horticulture and forestry have not been considered in this analysis as their 

faecal contribution is minimal. 
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Figure 2: The mitigation zones in the model as generated within CLUES. 
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Figure 3: The New Zealand Land Resource Inventory drainage classes for the study area as 

generated within CLUES. CLUES simulates the whole of the Waikato River – from 

its source (Lake Taupoo) to the mouth (Te Puuaha Waikato). Therefore CLUES 

models not only the Study area but also the area designated ‘Waikato 

Catchment (CLUES simulation)’ in the figure. 
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5. What is the cost? 

On-farm costs are given in Table 4 on the next page. 

Table 4: The approximate costs of proposed on-farm actions within the Waikato River 

catchment9. 

Farm type Action Capital cost, $/ha Annualised cost, 

$/ha/year 

Dairy
1
 Single-wire fence 47 5 

 Enlarged effluent ponds 83–123 7–10 

 Fencing out wetlands 68 22 

 Laneway berms 10 2 

 Herd shelter 3,400 136–270 

 Change to organic dairy Minor 184 

 Planting 5 m riparian buffers 686 80 

Sheep-beef
2
 Single-wire fence 146–220 12–18 

 Single-wire fence & poplars 200–301 16–24 

 8-wire fence and natives, 5 m buffer 1,427–2,141 123–177 

 8-wire fence and natives, 15 m buffer 2,799–4,198 264–346 
1
Varies between model farm types depending on soil type. 

2
Varies between model farm types depending on assumed stream density. 

 

The Proposed National Environmental Standard for On-site Wastewater Systems 

Discussion Document (MfE, 2008) proposed regulating their management with a 

warrant of fitness approach, as a method of reducing failures from the operation 

of the tanks. This approach however, ignores the vital role of correct design and 

installation of on-site systems. The cost over the next 30 years of increased 

cleaning of septic tanks, so that all are cleaned every 2–3 years is estimated as 

$18.9 million. Average annual total costs of inspection of at-risk systems, 

compliance and administration range from $3.4 million to $5.2 million over 20 

years. Total estimated costs range from $31.9 million to $48.9 million (COVEC, 

2007).10 

 

 

                                                      
9
 See Appendix 9: Farms. 

10
 This estimate is that for ‘Option 2’ in a proposed National Environmental Standard for On-site 

Wastewater Treatment Systems (http://www.mfe.govt.nz/publications/rma/nes-proposed-onsite-

wastewater-systems-2009/html/). 
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6. Who could do it and how long would it take? 

Primarily the on-farm mitigation actions need to come from the farmers 

themselves. River iwi and other interested parties may also wish to help with 

riparian fencing and planting. The length of time for the mitigation measures to 

be fully implemented depends on the willingness of farmers to cooperate and 

their financial ability to do so. If the premium for organic milk were to increase 

markedly then this would be a good incentive for dairy farmers to convert to the 

organic farming scenario (Action D), although this change may not have much 

effect on pathogens in water draining the land. 

Ensuring correct design and installation of on-site wastewater systems could be 

achieved by developing policies consistent with the principles of AS/NZS1547 

(AS/NZS 2000) and the proposed manual for wastewater treatment by ARC 

(ARC, 2004). Performance of on-site wastewater treatment systems could be 

assessed by trained inspectors and contractors.  

7. What are the interactions with other activities (co-benefits, draw-

backs) 

The various actions proposed for the different farm types would reduce the 

leaching of nutrients such as nitrogen and phosphorus from the farms and 

therefore could be expected to reduce the magnitude and frequency of 

cyanobacteria blooms producing toxins. Similarly riparian planting and fencing 

would help prevent land erosion and therefore reduce the deposition of 

sediment into the streams. 

8. Uncertainties and information gaps 

• Predicting catchment-wide E. coli concentrations from predicted average 

annual E. coli loads. This is currently performed using a rather crude 

approximation, which is the best available technique at present.  

• The possibility that a reduction in E. coli concentrations from farming 

operations may lead to a greater reduction in pathogens11. 

• The extent to which failing on-site wastewater systems contribute to viral 

contamination of drinking water sources and recreational water. 

• The costs of replacement of failing on-site wastewater treatment systems 

by more sophisticated upgrades are unknown at this time. 

 

 

                                                      
11

 Some work suggests that reducing farm contamination will reduce not only pathogen 

concentrations but also pathogen prevalence (McBride and Chapra, in prep.). 
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Figure 4: Maps generated within the CLUES (v3.0.0) model showing median E. coli concentrations (per 100 millilitres) for the Base Farm in: (a) the 

main rivers of the study area; (b) all the streams of the study area.  
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Figure 5: Maps generated within the CLUES (v3.0.0) model showing median E. coli concentrations (per 100 millilitres) for Current Best Practice in: (a) 

the main rivers of the study area; (b) all the streams of the study area.  
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Figure 6: Maps generated within the CLUES (v3.0.0) model showing median E. coli concentrations (per 100 millilitres) for Future Best Practice 1 in: (a) the 

main rivers of the study area; (b) all the streams of the study area.  
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Figure 7: Maps generated within the CLUES (v3.0.0) model showing median E. coli concentrations (per 100 millilitres) for Future Best Practice 2 in: (a) the 

main rivers of the study area; (b) all the streams of the study area.  
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Figure 8: Maps generated within the CLUES (v3.0.0) model showing median E. coli concentrations (per 100 millilitres) for Future Best Practice 3 in: (a) the 

main rivers of the study area; (b) all the streams of the study area.  
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Appendix 11: Riparian Aesthetics 

1. Introduction 

The high level vision of the Guardians Establishment Committee (GEC) for the 

Waikato River is: 

Tooku awa koiora me oona pikonga he kura tangihia o te maataamuri” 

“The river of life, each curve more beautiful than the last” 

This highlights the importance of restoring the aesthetics of the river. Comments 

made during hui (NIWA et al., 2009) also emphasised the importance to Maaori of 

the aesthetics of the mainstem of the Waikato between the Taupoo outlet and the 

sea. Several factors combine to determine river aesthetics, including landscape 

setting, riparian vegetation, water colour and clarity, channel character and flow 

types, visual diversity, the knowledge that the river is in a healthy state (Mosley, 

2004). However riparian vegetation is arguably one of the largest, manageable, 

influences on river aesthetics. 

The Riparian Management Classification (RMC) (Quinn, 2009) includes rating systems 

for riparian influences on stream recreational and aesthetic values (Tables 1 and 2). 

The influences of riparian vegetation on recreation are generally more important 

along medium-large streams (the opposite to influences of diffuse contaminant 

inputs, that are greatest in low order streams) with access to safe swimming, fishing 

and boating spots, and in areas of high human access, such as urban streams and 

reserves. Overhanging willows and large wood can be hazardous for boating, 

whereas native planting plays a particularly important role in enhancing recreational 

use. Walkways, picnicking facilities (tables and seating), weed control (especially 

blackberry and other invasives) and vehicle parking areas are all important for 

enhancing recreational use. Angling use requires particular attention to riparian 

planting design to provide both overhanging cover and low vegetation to allow 

casting when fly-fishing. Poorly managed riparian areas that are overgrown by 

weeds, such as blackberry, detract from aesthetics (Parkyn and Quinn, 2006) and 

recreational use, through influences on access, and navigability and fishability. 
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 Table 1:  The RMC rating guide for enhancing recreational use of stream/riparian area. 

0 Riparian area covered in blackberry and other invasive weeds making stream 

edge inaccessible and downstream passage in canoes hazardous. 

 

1 Minimal natural vegetation cover along small streams (e.g., <3 m wide 

channels) that are relatively inaccessible and not used for angling, swimming or 

boating on for walking areas (e.g., headwaters on farmland). 

 

2 Native vegetation along small streams that are not used for angling or boating 

on relatively inaccessible areas such as headwaters on farmland away; or 

monocultures of exotic vegetation along streams and rivers used for fishing, 

boating, swimming or walking. 

 

3 Varied exotic vegetation or patchy native vegetation along streams and rivers 

used for fishing, boating, swimming or walking. 

 

4 Mix of native and exotic forest/wetland vegetation continuous along streams 

and rivers used for fishing, boating, swimming or walking. 

 

5 Native forest along streams and rivers used for fishing, boating, swimming or 

walking. 

 

Riparian management can enhance landscape aesthetics substantially by providing 

vegetation diversity with ribbons of green within developed pastoral and urban 

landscapes (Mosley, 1989; Mosley, 2004). Shrubs and trees have generally greater 

aesthetic appeal than pasture grass, and native vegetation has more appeal than 

exotic vegetation (Table 2). However, aesthetics are landscape dependent (e.g., 

tussocks may be more aesthetically desirable than trees in inland Canterbury high 

country streams) and vary amongst individuals.  

Table 2:  RMC rating guide for enhancing stream aesthetics. 

0 Bare ground or covered in blackberry and other invasive weeds.  

 

1 Pasture with unconstrained livestock access to the stream, no trees. 

 

2 Fenced pasture grasses without livestock access to the stream; or pasture with 

livestock access and a 1–2 types of exotic trees (e.g., willows and/or poplars).  

 

3 Varied exotic dominated vegetation, limited livestock access. 

 

4 Native shrubs or wetland is dominant vegetation type. 

 

5 Native forest is dominant vegetation. 
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This Appendix reviews the current state of riparian vegetation in Waikato pasture 

streams and the costs and aesthetic benefits of applying riparian management. It 

draws on the Riparian Management Classification (RMC; Quinn, 2009) to define goals 

and uses available information in GIS databases and from stream surveys conducted 

by Environment Waikato (EW) in 2007 (Storey, 2010).  

2. Methods  

2.1 Assessing aesthetic condition of Waikato pastoral streams  

To provide an initial assessment of the current state and restoration potential for the 

Waikato River catchment streams the RMC rating systems above were applied to 

information from Environment Waikato’s 2007 survey of riparian characteristics 

along 1 km long reaches at 310 sites (91 on dairy farms and 211 on drystock farms) 

first to sixth order streams1 in pastoral land throughout the Waikato (Storey, 2010). 

These surveys did not include the mainstem of the Waikato (7th order). In this 

analysis the data were examined for the following zones of the river: 

• Lower Waikato - downstream of Ngaaruawaahia (32 km surveyed). 

• Middle Waikato  - from Ngaaruaawahia to Karaapiro Dam (10 km surveyed). 

• Upper Waikato  - from Karaapiro to Taupoo outlet (62 km surveyed). 

• Waipa   - (70 km surveyed). 

The categorisation of riparian vegetation type used in the 2007 EW survey (Table 3) 

does not correspond directly with that in the RMC ratings (Table 2), but nevertheless 

provides the basis for a preliminary assessment of current aesthetic condition.  

Percentage riparian vegetation cover data from the EW 2007 survey were converted 

to stream lengths by scaling using the REC (the NIWA River Environment 

Classification) stream length and the proportion of pastoral land cover from CLUES (a 

GIS-based land use effects catchment model; Semadeni-Davies et al., 2009).  

                                                      
1
 Stream order is used to describe the size of a stream or river. Smallest streams are referred to as ‘first 

order’. A ‘second order’ stream is formed at the junction of two first order streams, and a ‘third order’ 

stream is formed by the junction of two second order streams, etc. 
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Table 3:  Description of categories in several parameters used in the EW 2007 riparian survey 

(Storey, 2010) and RMC aesthetic scores (in brackets) assigned (after Quinn, 2009, 

see Table 2). 

Parameter EW Category 

(RMC score 

assigned) 

Description 

Vegetation type Woody native (4.5) Predominance of native trees/shrubs. 

 Woody willow (2) Predominance of willow species. 

 Woody exotic (3) Predominance of exotic (non-native) tree and 

shrub species. 

 Pastoral grass (1) Consisting of low (<1m) grass and/or weed 

species. 

 Native grasses (4.5) Consisting of native grass species. 

Vegetation structure Forest Tall dense vegetation, trees close together. 

 Treeland >3m high, widely spaced trees with grass in 

between. 

 Scrub Low stature vegetation (<3m) and close 

together. 

 Shrubland Low stature (<3m), widely spaced, grass in 

between. 

 Grasses Grass including small, low lying weeds <1m in 

height. 

 Wetland Raupoo/sedges. 

2.2 Assessing aesthetic condition of mainstems of the Waikato and Waipa Rivers 

In the absence of available detailed survey data on the riparian vegetation along the 

Waikato mainstem (i.e., Taupoo to Port Waikato), the New Zealand Land Cover 

Database 2 (LCDB2; 15 m grid resolution, developed from satelite images in 2001) 

was evaluated to provide an initial categorisation of the vegetation layer in 15 m 

wide bands on either side of the 7th order mainstem of the Waikato River and along 

the 6th order mainstem of the Waipa between Otorohanga and Ngaaruawaahia. 

Within this band the LCDB2 vegetation types were categorised and summed for each 

of the Waikato River subregions.  

2.3 Costings used in cost abatement calculations 

Costs of riparian fencing, plants, planting and maintenance for a range of restoration 

actions were calculated as per Table 4. 
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Table 4:  Costs used in cost abatement calculations. 

Action Description of action Costs Comments 

A 5 m wide native revegetation 

buffer for dry stock farm 

streams currently having grass 

riparian vegetation 

$58,500/km for post and 

batten fences ($18/m = 

$36k/km stream) + 8 troughs 

($250 ea) per km stream + 

native PB2 grade plants @ 

2500 stems/ha ($5 planted) + 

maintenance to year 3 

($8k/ha) 

Minimum width buffers for 

aesthetics requiring more 

ongoing vegetation 

maintenance and weeding 

than 10 m wide buffers. Post 

and batten fences needed to 

exclude sheep 

B 5 m wide native revegetation 

buffer for dairy farm streams 

currently having grass riparian 

vegetation 

$32,500/km for 3 wire electric 

fences ($5/m = $10k/km 

stream) + 8 troughs ($250 ea) 

per km stream + native PB2 

grade  plants @ 2500 

stems/ha ($5 planted) + 

maintenance to year 3 

($8k/ha)  

Minimum width buffers for 

aesthetics requiring more 

ongoing vegetation 

maintenance and weeding 

than 10 m wide buffers. 

Electric fences needed to 

exclude cows  

C 10 m wide native revegetation 

buffer for dry stock farm 

streams currently having grass 

riparian vegetation 

$79,000/km for post and 

batten fences ($18/m = 

$36k/km stream) + 8 troughs 

($250 ea) per km stream + 

native PB2 grade plants @ 

2500 stems/ha ($5 planted) + 

maintenance to year 3 

($8k/ha)  

Optimal compromise width 

buffers for aesthetics. Post 

and batten fences needed to 

exclude sheep. Wider buffers 

particularly beneficial on 

larger streams. 

D 10 m wide native revegetation 

buffer for dairy farm streams 

currently having grass riparian 

vegetation 

$53,000/km for 3 wire electric 

fences ($5/m = $10k/km 

stream) + 8 troughs ($250 ea) 

per km stream + native PB2 

grade plants @ 2500 stems/ha 

($5 planted) + maintenance to 

year 3 ($8k/ha)  

Optimal compromise width 

buffers for aesthetics. Electric 

fences needed to exclude 

cows. Wider buffers 

particularly beneficial on 

larger streams. 

E Willow removal then fencing 

and native revegetation as 

above 

Appropriate options above + 

$14,000/km along 1st-2
nd

 

order streams or + 

$24,000/km along ≥3
rd

 order 

streams 

Willow removal is cheaper per 

km along small streams where 

machinery can operate from 

one bank (estimates pers. 

comm. Bruce Peploe EW) 

3. Results and discussion 

3.1 Stream riparian vegetation cover  

The results of the EW survey of streams in pastoral areas are summaried by major 

subcatchments in Figure 1. Native grasses and native woody vegetation occupied on 

average 3.4 percent and 8.5 percent, respectively, of pastoral stream length (Figure 

1A). This indicates that approximately 12 percent of stream length would have RMC 

aesthetic ratings of 4 or 5 out of 5 (Table 2, Figures 2 and 3). Pasture grass was 

dominant (54 percent; RMC aesthetic ratings of 1 out of 5) and exotic woody 
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vegetation (33 percent, RMC aesthetic ratings of 2–3 out of 5) subdominant (Figure 

1A).  

Forest and wetland vegetation covered about 8 percent of the pastoral stream length 

on average, but varied from 3 percent in the Lower Waikato to 13 percent in the 

Middle Waikato (Figure 1B). Woody vegetation (including willows) cover averaged 42 

percent of the streambank (Figure 1A) but varied from 23 percent in the Lower 

Waikato to 57 percent in the Upper Waikato (Figure 3). Woody vegetation also 

tended to increase with stream order (Storey, 2010).  

The actual river lengths by vegetation type are shown in Figure 2 for each of the four 

Waikato zones. This provides an estimate of about 6,000 km of stream (about 12,000 

km of streambank) that is currently in pasture that could potentially be revegetation 

in native vegetation to enhance stream aesthetics. 
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Figure 1: Percentage of total bank length of pastoral streams covered by riparian vegetation of 

different type and structure in the Waikato Region survey in 2007. From EW survey 

data summarised in Storey (2010). See Table 3 for vegetation category definitions.  
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Figure 2:  Stream length of varying vegetation type along pastoral streams in different Waikato 

River zones. Calculated using % stream bank cover data in EW 2007 survey and REC 

of stream lengths, and CLUES pastoral land cover for subregions. Note that 

streambank length equals twice the stream length. 

3.2 Waipa and Waikato mainstem riparian vegetation cover 

The New Zealand Land Cover Database 2 (LCDB2) indicates that, in 2001, pastoral 

grassland dominated the riparian vegetation along the mainstem of the Waikato and 

Waipa Rivers (Figure 3). The Upper Waikato had almost as much native forest cover 

as grassland and also has substantial riparian cover of exotic (predominantly pine) 

forest and deciduous trees. Middle Waikato had 16 km of river bank in each of urban 

parkland/open space and built up areas. LCDB2 indicates that the Waipa riparian 

areas are particularly dominated by pastoral grassland.   
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Figure 3:  Summary of LCBD2 information on riparian vegetation along Waikato and Waipa 

River mainstem sections in 2001. Note that streambank length equals twice the river 

length.  

However, visual inspection of riparian vegetation type using satellite imagery (Google 

Maps) indicates substantially more tree cover than indicated by LCDB2 in Figure 3, 

suggesting that the LCDB2 may be unreliable for identifying riparian vegetation 

cover. For example, a visual scan indicated approximately 50 percent tree cover 

along the Waipa below Otorohanga (predominantly as a single line of deciduous 

trees), compared with 8 percent estimated by LCBD2 (Figure 3). Similarly scanning 

the satellite imagery for the Middle Waikato section indicates <20 percent grassland 

(without any riparian trees) and a predominance of willows and alders, whereas 

LCDB2 indicates 59 percent pastoral grassland (Figure 3). This suggests that the 15 m 

pixel size of the satellite imagery used to derive LCDB2 was too coarse to pick up tree 

vegetation that often occurred as a single line of deciduous riparian trees. Thus the 

LCDB2 data appears to provide only indicative information on the relative amounts of 

different vegetation covers between sub-regions and a minimum estimate of riparian 

tree cover along the mainstem reaches.  

3.3 Aesthetic scores 

RMC aesthetic scores for the four zones are shown in Figures 4A and 4B. These data 

indicate considerable scope for enhancing river aesthetics through riparian 

management within the Waikato River catchment, where the overall weighted RMC 

score was 43 percent. Aesthetic scores were low in the Lower Waikato (catchment 

below Ngaaruawaahia, excluding parts in ARC region; RMC aesthetic score = 34 

percent) and Middle Waikato (catchment between Karaapiro and Ngaaruawaahia 
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RMC aesthetic score = 37 percent)), intermediate in the Waipa (RMC aesthetic score 

= 44 percent) and greatest in the Upper Waikato (catchment above Karaapiro but 

excluding Lake Taupoo; RMC aesthetic score = 53 percent)) (Figure 4B). 

Stream bank length by riparian aesthetic ratings
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Figure 4:  Pastoral stream RMC aesthetic ratings (see Table 2) inferred from Environment 

Waikato’s 2007 surveys of streams throughout the Waikato Region (data summarised 

in Storey, 2010). (A) Scaled by REC stream lengths, and (B) as percentages and overall 

weighted percentage scores for pasture streams (Pa) and all streams (All) in the 

Waikato River catchment and zones. 
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3.4 Priorities 

3.4.1 Stream size 

The GEC’s high level vision statement indicates that the Waikato River mainstem is 

the key priority for restoration of the aesthetics. The small size of 0–2nd order 

streams, and restricted access to them in rural settings, reduces their use for 

recreation by the general public unless they are within urban areas. Once streams get 

to about 3rd order (e.g., Kaniwhaniwha at Limeworks Loop Road, Figure 5) they are 

large enough to be more accessible and suitable for swimming, kayaking and fishing 

using a variety of methods. Consequently, after first prioritising the 7th order 

mainstem Waikato River, riparian vegetation restoration should then focus on 3rd to 

6th order streams and rivers, with lesser emphasis on headwater 0–2 order streams.  

 

Figure 5:  Example of a third order Waikato Stream (Kaniwhaniwha Stream upstream of 

Limeworks Loop Road).  

3.4.2 Stream vegetation type 

The greatest aesthetic benefit is likely to be achieved by fencing and planting native 

vegetation in riparian areas that have livestock access and pasture grass vegetation, 

with the aim of raising the REC aesthetic score from 1 to 5 (Table 2), then replacing 

willows with native plantings (raising RMC scores from 2 to 5).  
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3.4.3 Implications for stream length  

Analysis of the River Environment Classification (REC) database on stream length 

distribution amongst stream orders (Figure 6) shows that the decision on which 

stream sizes to target for restoration has significant implications for the total stream 

length and therefore costs. The river includes 340 km of 7th order reaches (along the 

mainstem of the Waikato, 7th order stream density = 0.2 m/ha), whereas the total 

length of 3rd to 7th order streams is 4,448 km (3-7th order stream density = 3 m/ha). 

The total length of REC mapped streams is 17,112 km, equivalent to a stream density 

of 15.5 m/ha. However, the actual stream length is substantially longer than that 

mapped by REC because it does not plot streams until they have a catchment over 20 

ha, which underestimates the length of headwater streams. A comparison at 

Whatawhata of the stream density using the REC data, the 1:50,000 scale 

topographic map (that does not included streams shorter than 500 m), and the field 

mapping gave stream densities of 14, 24 and 70 m/ha, respectively (Quinn et al., 

2000). However, if the prioritisation suggested above is applied (i.e., focusing on ≥3rd 

order streams), the exclusion of headwater streams from 1:50,000 scale topographic 

maps and the REC is not an issue for restoring aesthetic values (although it has a big 

influence on the stream length for riparian management to control diffuse 

contaminant inputs from runoff and animal access). 
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Figure 6:  Distribution of REC mapped stream length amongst stream of different orders within 

the Waikato River catchment study area downstream of Taupoo Gates.  
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The percentage of the stream length surveyed by EW (Storey, 2010) that is fenced 

was higher in the Upper Waikato than elsewhere in the study area (Figure 7) and 

tended to be slightly higher along 4th to 6th order streams than 1st to 3rd order 

streams (Storey, 2010). Waterways classified as “drains” in the EW survey had less 

than half the percentage fencing (15 percent) than the 1st to 6th order streams 

(Figure 15 in Storey (2010)). 
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Figure 7:  Variations in stream length fenced in 2007 amongst different areas of the Waikato 

and Waipa Catchments (from data in Appendix 5 of Storey (2010)). 

3.5 Cost abatement curves 

Costs were estimated for riparian fencing using post and batten fences (suitable for 

dry stock farms) or 3 wire electric fences (suitable for dairy farms), and establishing 

native vegetation buffers of 5 or 10 m width, to about 58 percent of the pasture 

stream length that has pasture grass and 6.4 percent that has willows in the riparian 

area (Figure 8). Costs increase exponentially as the size of stream included decreases 

from 7th order (i.e., mainstem of Waikato) to 1st order as defined by the REC.  

 



 15

Riparian aesthetic cost curves - all REC stream orders 

$0

$50,000,000

$100,000,000

$150,000,000

$200,000,000

$250,000,000

$300,000,000

$350,000,000

$400,000,000

$450,000,000

7th 6-7th 5-7th 4-7th 3-7th 2-7th All
REC

Stream orders included

C
o

st
 $

5m on RMC 1

10m on RMC1

5m RMC1&2

10m on RMC1&2

A

Riparian aesthetic costs - 3-7th order REC streams 

$0

$20,000,000

$40,000,000

$60,000,000

$80,000,000

$100,000,000

$120,000,000

7th 6-7th 5-7th 4-7th 3-7th

Stream orders included

C
o

st
s 

$

5m on RMC 1

10m on RMC1

5m RMC1&2

10m on RMC1&2

B

 

Figure 8:  Estimated direct costs (fencing, planting, maintenance) of riparian vegetation 

management to enhance stream aesthetics in the Waikato River catchment. (A) All 

REC streams, and (B) 3rd to 7th order streams included. 
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Different fencing types and costs were used in these estimates for the 31.4 percent 

of the catchment area in dairying (3-wire electric fences at $5/m) and the 24.5% in 

sheep and beef (post and batten fences at $18/m).  

The actual fencing costs may be lower than these estimates if existing fences along 

some grassed (unplanted) streambanks could be moved and upgraded to protect 

native plantings. This is most likely to be possible on dairy farms where 52 percent of 

total bank length was fenced in 2010 although 62 percent of streambanks were in 

grass (Storey, 2010). Using these existing electric fences, or upgrading them (e.g., 1 

to 3 wires) would reduce the fence material costs that comprise 37 percent and 23 

percent of dairy stream/planting costs for 5 m and 10 m wide buffers, respectively. 

However, it is likely that this would only reduce the estimated costs by up to 15 

percent across all pastoral streams. Deer farms comprised only 1.2 percent of the 

catchment area and were not included in this analysis.  

Predictions of the aesthetic recovery that could be achieved through the 

establishment of native forest in riparian areas of pastoral streams that are currently 

in pasture grass or willows is shown in Figure 9. Predictions are shown with and 

without weightings to reflect the greater aesthetic benefit of restoring riparian 

vegetation on larger (high order) rivers and the greater need for wider (10 m) buffers 

on larger streams (see Table 5).   
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Figure 9:  Influence on the overall average Waikato RMC aesthetic score of native revegetation 

of riparian buffers of different width (BW) along streams of different size (stream 

order, SO) that are currently in pasture grass or willows. The SO and BW weighted 

values (Table 5) reflect greater aesthetic benefit of restoring riparian vegetation on 

larger (higher order) rivers and different influences of BW across stream orders.  
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Table 5:  RMC aesthetic score weightings (based on professional opinion) applied in Figure 9 to 

reflect higher aesthetic benefits of native revegetation of riparian buffers on larger 

(higher order) streams and rivers and differing benefits of narrower (5 m wide) 

buffers on large and small streams. 

REC Stream order 7th 6th 5th 4th 3rd 2nd 1st 

Size weights 7 5.5 4 2.5 1 0.7 0.45 

5 m buffer width weights 

(relative to 10 m buffers) 

0.7 0.7 0.7 0.8 0.85 0.95 1 

 

The average aesthetic scores do not reach 100 percent in Figure 9 because it was not 

considered cost-effective for aesthetic enhancement to change to native vegetation 

the non-willow, exotic, woody vegetation (rated 3/5 or in the RMC, Table 2) that 

covering 30 percent of Waikato pasture stream banks in 2007 (Figure 1A). Buffers of 

5m width are predicted to produce less improvement in the average Waikato River 

pastoral stream than 10 m buffers (Figure 9). 

These improvements in stream aesthetics will take decades to centuries to be fully 

realised as the riparian buffer vegetation grows and natures. Improvements will be 

somewhat slower on larger than small streams because the smaller relative scale of 

the riparian vegetation to the stream size on large rivers. For example, canopy 

closure over first and second order streams after native revegetation is likely to occur 

within a decade of planting whereas this takes longer as channel width increases 

(Quinn and Wright-Stow, 2008; Quinn et al., 2009). However, significant 

improvements in aesthetics will occur with the exclusion of livestock and associated 

faecal inputs and streambank damage and after about 3–5 years post-planting when 

significant growth of plants will become apparent (e.g., plantings in Figure 5).  

Implementation of riparian planting at the full catchment scale is also likely to take at 

least 1–2 decades. This will be limited by the need to upscale existing industry 

support (fencing, plant nurseries and plant maintenance) to support catchment-wide 

riparian restoration. Replacement of willows with natives will need to be done with 

care/over time at sites where these were planted for streambank erosion control. 

Riparian management involving riparian fencing without planting in the hope that 

natural regeneration of natives would occur is unlikely to have significant aesthetic 

benefits and, without careful weed control, may result in proliferation of weed 

species such as blackberry that detract from recreational use (Table 1). Hence the 

costs of this riparian management option were not calculated. The same goes for 

single wire fencing to exclude cattle but not sheep from streams without planting. 

This is not expected to alter the dominance of pasture grass riparian vegetation (due 

to continued sheep grazing of the riparian area) and hence riparian aesthetics will 

not change greatly. 
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Cost-abatement plots based on the findings presented in Figures 8 and 9 are shown 

in Figure 10. The calculated benefits to stream aesthetics are predicted to increase 

steadily as treatments are extended from 7th to successively smaller order streams 

(Figure 10). Although native revegetation of the mainstem only affects a very small 

proportion of the whole stream length (and therefore has a small impact on the 

Waikato average pastoral stream weighted RMC aesthetic score (Figure 9), this 

relatively inexpensive action (cost between $5 and $8M for 10 m buffers, Figure 8) 

would likely have a major impact on perceptions of the river aesthetics as this is 

probably the most used part of the river. 
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Figure 10:  Estimated cumulative costs of achieving predicted average weighted RMC aesthetic 

scores (weighted for stream order and buffer width) of Waikato pastoral streams 

(i.e., once forest is established in 30–100 years post-planting) achieved by applying 5 

or 10 m wide riparian fencing and native revegetation to streams that are currently in 

grass (current aesthetic RMC = 1) or grass and willows (current aesthetic RMC = 1 and 

2). Estimates incorporate different fencing costs for the pastoral areas in dairy and 

sheep and beef farming. (A) All REC stream orders, and (B) 7th to 4th REC stream 

orders only. 
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The co-benefits of riparian restoration by fencing and native revegetation are 

summarised in Table 6. Benefits of stream fencing on runoff of farm contaminants 

are addressed in Appendix 9: Farms. 

Table 6:  Riparian native revegetation key co-benefits. 

Co-benefits Comments 

Diffuse contaminant inputs (N, 

P, SS, pathogens, 

agrichemicals) 

Most important in smallest streams (zero (i.e., <20 ha 

catchments for REC) and first order) that have most stream 

edge length (Figure 6). 

Stream temperature control Most important in small-medium streams (0–3
rd

 order, <15 

m wide) where canopy closure or high shade level 

achievable. 

Stream habitat (input of leaf 

litter and wood, shade 

managing nuisance growth of 

instream plants, cover for fish, 

whitebait spawning sites) 

Most important in small-medium streams (0–3
rd

 order, <15 

m wide) where canopy closure or high shade level 

achievable but also important along large rivers as cover 

for fish and spawning for iinanga. 

Flood flow peak reduction Forest/wetland vegetation increases resistance to flow 

when riparian area inundated in storm flows, reducing 

downstream flood peaks. 

Stream bank stability Vegetation reinforces banks. 

Terrestrial biodiversity Increase plant diversity on pasture land and associated 

increase in general biodiversity (birds, insects etc.). 

Production and traditional 

resources benefits 

Pasture edge plantings of medicinal plants for livestock 

browsing (e.g., flax for intestinal worm control); traditional 

medicine plant resources; maanuka for high value honey 

production; traditional art and craft resources; reduced 

livestock losses through drowning; easier livestock 

mustering; wind breaks and livestock shelter during 

extreme weather. 
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Appendix 12: Shallow Lakes 

1. Introduction 

The Waikato River catchment system is interconnected with shallow lake 

environments, the backwaters of the hydro lake chain, peat lakes linked via drainage 

networks and the riverine lakes that lie within the floodplain of the Waikato River. 

Also unconnected are dune lakes located along the west coast formed in depressions 

amongst sand dunes. Waterbodies are influenced by, and in turn provide, ecological 

services to the river that include sediment settling, nutrient removal, flood flow 

mediation and a nursery or feeding grounds for fisheries. Just as river iwi regard the 

Waikato River as a tupuna (ancestor) and its wai (water) as the lifeblood of that 

ancestor, the riverine lakes are viewed by river iwi as the ‘lungs and kidneys’ of their 

ancestor.  

The health and wellbeing of most Waikato shallow lakes is now substantially 

degraded. Causes of this degradation include: 

 

• High loads of diffuse contaminant inputs of nutrients, sediment and bacteria 

from runoff and livestock access to the lake. 

• Internal regeneration of nutrients from sediment re-suspension (by wind 

action or pest fish) and/or release of nutrients as a result of low oxygen 

events at the lake bed. 

• High abundance of pest fish (e.g., koi carp and catfish), and/or aquatic weeds 

(willow, alligator weed, oxygen weed, hornwort). 

• Reduced water depth due to drainage and/or reduced flushing due to water 

control structures and artificial regimes such as the Lower Waikato Flood 

Control Scheme. 

• Past development of large exotic weed beds that create deoxygenation 

events and a switch to turbid, nutrient enriched conditions. 

• Removal of vegetation filtering potential in the catchment through drainage 

of marginal wetland vegetation, agricultural development and grazing access. 

Analysis of available water quality datasets for 134 New Zealand lakes showed eight 

of the 18 most nutrient enriched lakes in the country (i.e., hypertrophic) were 

shallow lakes in the Waikato Region (Hamill and Lew, 2006). Shallow Waikato lakes 

have many attributes which, if adversely affected, will contribute to their health and 

poor water quality condition. They include a high proportion of the catchment being 

in pasture cover, the lakes haaving a shallow depth (<10 m), a warm Waikato 

regional climate and low altitude (Sorrell and Unwin, 2007).  
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Out of 52 lakes in the Waikato River catchment that have been assessed by LakeSPI 

(a measure of lake condition), nine riverine lakes and 16 peat lakes were decribed as 

‘non-vegetated’ (Edwards et al., 2009). This signals that the survival of widespread 

submerged plants is no longer possible and, therefore, habitat for native fisheries has 

been lost. In contrast, the condition of the hydro lakes was reduced by high 

abundances of exotic water weeds, with implications to lake uses and ecological 

values in shallow areas. 

Abundant populations of pest fish have established widely within the shallow 

Waikato lakes and while their direct impacts on native fisheries are not well 

documented, they are known to contribute to degraded water quality (Rowe, 2007) 

and an absence of submerged vegetation (de Winton et al., 2003).  

Now few of the shallow Waikato lakes are suitable for recreational contact, or are 

attractive for passive recreation. Some are inaccessible and surrounded by private 

land. Even though many are also surrounded by associated reserve land unimpeded 

access is not always possible.  

This appendix considers options for restoring the Waikato shallow lakes. A range of 

actions are presented, together with their costs and likely effectiveness. 

2. Goals for restoration 

The restoration of shallow lakes will go some way to meeting the following goals 

which address a large number of the values and attributes identified for the Waikato 

River catchment.   

1. Improved water clarity and indicator bacteria to meet bathing standards in fine 

weather. 

 

2. Improvement of lake nutrient and chlorophyll concentrations meeting meso-

trophic condition or better. 

 

3. Improvement of lake aesthetics in terms of marginal plants and water colour and 

clarity.  

 

4. Expansion of habitat that enhances New Zealand native biodiversity for aquatic 

and terrestrial plants, and aquatic biota (including waterfowl). 

 

5. Restoration of native macrophytes in lake margins and bottom, which will 

contribute to restoration and expansion of iinanga habitat. 

 

6. Expansion of the tuna fishery. 
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The specific goals that could be met by restoration in six representative lakes are 

summarised in Table 1. In addition to these, all lake margins could be restored to 

some extent by fencing, planting, afforestation, and allowing flooding to occur.   

Table 1:  Possible goals for shallow lake restoration in six representative Waikato lakes. 

Lake (type) Tuna Iinanga Recreation 

bacterial 

standards 

Recreatio

n clarity 

Aquatic 

plants 

Control 

or 

eliminate 

pest fish 

Serpentine (Peat) - Yes Yes No
1 

Yes Yes 

Ohinewai (Small riverine 

disconnected) 

Yes Yes Yes Yes Yes Yes 

Otamatearoa (Dune) No
2 

No Yes Yes Yes - 

Whangapee (Large 

riverine connected) 

Yes Yes Yes Yes Yes Yes 

Ohakuri (Hydro) Yes No - - No No 

Puketirini (Weavers) 

(artificial) 

Yes ? Yes Yes Yes Yes 

1 
Natural peat staining of the water will limit the improvement that can be achieved. 

2 
Can only be achieved by stocking with tuna. 

3. Restoration methods 

3.1 Overall approach 

There are five categories of shallow lakes; peat, small riverine, large riverine, dune, 

hydro and artificial. An example lake from each category, for which there were data 

available, was chosen and restoration options scoped. These options could then be 

extrapolated to other similar lakes (Table 2).  

For each lake three restoration options were considered:   

1. Option 1: Maintaining existing water quality (if reasonable) or seeking to improve 

by standard practices. 

 

2. Option 2: Applying proven solutions which are highly likely to achieve 

improvements, with the aim of restoring lakes to a prior water quality condition 

(e.g., to 1950s water quality for dune lakes as described by Cunningham et al., 

1953) 

 

3. Option 3: Appling novel or theoretical approaches to make substantial and fast 

acting improvements. This may include extreme actions such as complete 

retirement of lake catchments to forest.   
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Table 2:  Example lakes for which restoration options were developed. 

Lake type Example Other lakes of this type 

Peat Serpentine Rotomaanuka, Ruatuna, Ngaroto, Mangakaware, 

Kaituna, Kainui 

Small Riverine (disconnected
a
) Ohinewai Rotongaroiti, Rotokawau, Okowhao, Kopuera 

Dune Otamatearoa Parkinson, Taharoa, Puketi, Rotoroa, Whatihua 

Large Riverine (connected
a
) Whangapee Waahi, Waikare, Hakanoa, Rotongaro 

Hydro Lakes Ohakuri Other hydro lakes 

Artificial Puketirini 

(Weavers) 

Okoko 

a
Connected or disconnected to the river.  

 

3.2 Restoration actions  

Narrative tables (Section 1.4) consider the actions and combinations of actions 

required for each lake example, and associated costs, but a general description of the 

potential actions is provided below.  

3.2.1 Reduce nutrient and sediment inputs 

Action 1.  a) Fence and plant riparian buffers around the lake margina and the 

majority of major tributaries and drains entering the lake, b) directly treat 

larger inflow sources via constructed basins and wetlands. 

Establishment of riparian buffers of sufficient extent to intercept and process 

nutrients, bacterial and sediment loads from the catchment are likely to have major 

benefits for water quality of the shallow lakes. Expected reductions in loadings are 

likely to be in the order estimated for 5–15 m riparian buffers on pasture streams 

with reduced yields of 15–40 percent Nitrogen, 15–65 percent Phosphorus, 56–65 

percent sediment and 60–75 pecent E. coli respectively (see Appendix 9: Farms). The 

scale of restoration activity will vary from a shoreline buffer for lakes without major 

inflows, to additional fencing and retirement along inflowing drains and waterways 

for larger systems, through to potentially retiring an entire lake catchment where 

significant and rapid recovery is sought. The required buffer width will need to be 

determined on a case-by-case basis taking into account local conditions of slope 

(with wider buffers on steeper slopes), and major inflows may need to be targeted as 

a priority. Wider buffers are likely to be more effective (e.g., >10–50 m) and will have 

greater co-benefits for aesthetics and water fowl habitat. 

Related actions include fencing against stock access, whilst active planting is strongly 

recommended to minimise weed problems, maximise aesthetic and biodiversity 

                                                      
a
 With allowance for public access points and corridors for wind passage to mix and oxygenate lakes. 
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values and for long-term vegetation sustainability. More information on required 

planting composition, plant grade and density is outlined in Appendix 11: Riparian 

Aesthetics. Costings for riparian retirement in the catchment are contained in 

Appendix 9: Farms, however, specific costings for lake buffers have been included 

here and based on estimated areas for buffers, land value, and costs of fencing, 

planting and weed maintenance for about 3 years.  

Lakes with catchments dominated by native or plantation forest are likely to have 

better water quality than those dominated by agricultural use (Sorrell et al., 2007), 

therefore afforestation of whole catchments is likely to have significant benefits. 

Economic benefits under the Emissions Trading Scheme may offset lost opportunities 

from loss of agricultural production, particularly in marginal land areas. However, 

caution is advised in the case of dune lakes that may be vulnerable to water table 

changes under exotic forestry and impacts from added fertilisers, common in 

plantation forestry on sand country.  

Additionally, legislation to prevent or restrict intensification, such as a cap on dairy 

conversions or a review of discharge consents, may be advocated.  

Catchment based initiatives on their own may not be sufficient to significantly 

improve the water quality of receiving lakes. Other solutions might include the 

construction of basins to allow for processing by wetland systems or infiltration of 

nutrients (de Winton et al., 2007), or ring drains to divert first flush or nutrient rich 

inflows. The required scale of these works is subject to site-specific water flows and 

loadings.  

Action 2. Prevention of internal regeneration of nutrients by a) sediment 

capping treatments to lock nutrients in the lake bedb, b) drainage and removal 

of nutrient-rich surface layer. 

 

Information on sediment capping technologies for the hydro lakes is provided in 

Appendix 21: Toxic Contaminants. As well as the ability to sequester compounds of 

potential toxicity, capping can substantially reduce internal loading of nutrients, 

particularly phosphorus (P). Four P-inactivation agents that are currently available 

are alum, allophane, Phoslock™, and modified zeolite, with required dose rates of 

these products being highly site-specific according to lake and sediment character 

(Hickey and Gibbs, 2009). Sediment tests and an initial efficacy trial are therefore 

recommended before wide-scale treatment. The scale of treatment (whole lake or 

deeper areas only) and requirement for multiple treatments would also be site-

specific and likely to be dependent on initial results.  

                                                      
b
 May need to address pest fish and wind/wave re-suspension of sediments in conjunction with this 

initiative to maintain integrity of the cap. 
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Internal nutrient loading from wind or pest fish induced re-suspension of bottom 

sediments and nutrients would be addressed by other actions (see actions 4 and 6). 

A more extreme and costly engineering solution may be to suction dredge, or drain, 

dry and excavate the surface sediments where nutrient loads are concentrated. This 

latter approach has been used in the USA (Helsel and Zagar, 2003; Helsel et al., 

2003). The logistics are complex and may include the need to pump out water/slurry, 

bund construction to prevent back filling and transport and disposal of spoil. Large 

impacts on lake values would be expected, at least in the short term and may include 

a flush of nutrients released upon re-filling (Stephens et al., 2004). Draw-down could 

also improve the feasibility of targeting and destroying pest fish (James et al., 2002) 

as outlined in action 4. 

Action 3. Hydrologic manipulations to a) optimise water level regimesc, b) 

increase flushing flows. 

Shallow lakes are vulnerable to water level reductions through excessive drainage, 

water table losses (e.g., dune lakes) and peat soil drying, decomposition and 

subsidence (peat lakes). The minimum action undertaken is generally the 

construction of a weir on lake outlets that helps to set a minimum lake level. 

However, potential exists to use structures to manipulate lake levels in restoring 

earlier levels, a prior water table level, or more natural fluctuations/flooding. These 

additional actions may be necessary for peat lakes where long-term sustainability of 

lakes is threatened (de Winton et al., 2007). An adaptive management approach is 

likely to be needed to identify optimal water level regime for specific lakes and 

identified goals.  

For the riverine lakes that are interconnected to the Waikato River, the possibility of 

routing river water into lakes to increase flushing of nutrients, sediment loads and 

algal populations has previously been raised. Currently, the water quality of the 

Waikato River is not good enough to make substantial benefits to lakes via increased 

flushing.  

Connectivity between the riverine lakes and the lower Waikato River is currently 

limited by flood schemes. However, we note a conflict between restorative actions 

(e.g., removal of stop banks and pump stations) and other actions aimed at removing 

exotic pest species from the lakes, because of their almost certain re-introduction 

with flood flows (see action 4).  

Removal of dams on the Waikato River would result in the loss of lake habitat and a 

return to riverine conditions. We would expect water quality to be improved by 

                                                      
c
 Weir construction may be accompanied by the need to allow fish passage (see action 4). 
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increased flushing rate, and whilst pest fish and weeds would still be present, weed 

bed extent would be reduced.  

Action 4. Pest fish control by a) netting, electrofishing, b) encouraging a 

commercial market, or c) eradication using rotenone, but d) allowing for 

differential fish passaged. 

 

The aim of reducing and controlling pest fish population size to minimise their 

impacts on shallow lakes would be an ongoing requirement and cost. In the absence 

of New Zealand information, we would suggest approximate pest fish reductions of 

75 percent (Perrow et al., 1997) or to a biomass of <150 kg ha-1 (Hosper and Jagtmen, 

1990). Methods for the intensive removal of fish are likely to involve netting or 

electrofishing. A commercial market for koi carp has briefly operated in the past and 

remains a possibility, however, commercial fishing relies upon availability of the 

catch species at an economical level, and so alone it is unlikely to reduce pest 

population to levels low enough to provide significant benefits to the lakes. There is 

also a risk that additional populations of pest fish would be intentionally established 

for economic gain. Alternatively, agencies may fund pest fish harvest, with a 

commercial market operating for cost recovery. This may require licensing of fishing 

activities, with remuneration via a bounty scheme or wages. 

The alternative of a one-off eradication of pest fish from lake systems is possible in 

small lakes with limited tributary/drainage networks, but would be more difficult 

with increasing size and connectivity of lakes. Currently the most likely method is use 

of the piscicide rotenone, which is already registered for use in aquatic systems in 

New Zealand. Effective rotenone use would require sufficient concentrations to 

penetrate all fish habitats connected to the lake (e.g., drains, tributaries, wetlands). 

Rotenone is not selective for pest fish alone, but the recovery and revival of affected 

native fish is theoretically possible. Feasibility of successful rotenone treatment of 

lakes would increase if lake levels can be substantially lowered to reduce the treated 

volume/area (see action 2). Eradication feasibility must also consider the ongoing risk 

of reintroduction/reinvasion by pest fish. For example, eradication is not currently 

considered feasible for large riverine lakes with flood flow connectivity with the 

Waikato River due to almost certain re-introduction of pests. 

Associated with eradication attempts (or intensive fishing) may be the requirement 

to isolate lakes from connected fish sources and differential fish passage to allow 

valued native fish (e.g., tuna) to move in and out of lakes, but exclude pest species. 

Current fish pass solutions can allow access by native fish with climbing abilities, but 

research on migratory abilities of other native and pest fish would be required to 

scope and design any differential fish pass for species such as iinanga and mullet. 

                                                      
d
 Would require major barriers for riverine lakes within the river floodplain to prevent pest fish ingress. 
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Action 5. Control or eradicate invasive weeds by a) application of herbicides, b) 

introduction of grass carp. 

Exotic weeds in and around shallow lake environments include trees (e.g., willows), 

submerged (e.g., egeria, hornwort) and marginal weeds (e.g., alligator weed). The 

future abundance of some weeds may change with lake management initiatives. In 

particular, a significant improvement in water quality that creates a habitat with 

sufficient water transparency for submerged plant growth may well result in exotic 

weed dominance in the absence of control measures. These submerged weeds may 

be a future threat to shallow lake usage and biodiversity, and also to water quality. 

For example, in eutrophic Lake Omapere, large unstable weed beds caused de-

oxygenation events that led on to internal nutrient loading events, turbid water and 

cyanobacterial blooms (Champion and Burns, 2001).  

Herbicides are already registered and available for treatment and reduction of 

biomass of aquatic weeds and ongoing treatments will progress towards reduced 

impacts by these species. For emergent and marginal weeds eradication or near 

eradication is an appropriate goal of herbicide use. One consideration is appropriate 

application techniques in sensitive areas (e.g., use of more expensive drill and inject 

methods for willow instead of aerial spraying where native wetland values are high). 

Rehabilitation actions in association with control measures (e.g., native plantings 

after willow control) will make additional control gains.  

For submerged weeds, herbicide treatment is proven for amenity purposes, to 

reduce interference around boat ramps, jetties and swimming beaches. However, 

the eradication of submerged weeds by herbicide is not a feasible goal in most cases. 

Nevertheless, research is identifying situations where whole-of-water-body herbicide 

treatment, or sequential applications, can eradicate some weeds from small lakes. 

The selective nature of herbicide action against weeds with limited off-target 

damage to indigenous vegetation means a herbicide approach would be an 

advantage where native vegetation values are high. 

Currently the most certain option for eradication of submerged weeds is by stocking 

herbivorous grass carp; an exotic fish that is highly unlikely to breed naturally within 

New Zealand waterways. Fish are stocked at a rate depending on the vegetated area 

of weed present and are capable of removing all submerged vegetation within 2–5 

years. However, in the absence of a proven method to remove them, fish may exert 

an ongoing grazing pressure in a lake for the rest of their lifespan - up to 20 years.  

Associated with the use of grass carp may be the need for fish screens or barriers to 

contain them within a lake.  

Action 6. Re-establish native submerged or emergent plants by a) active 

planting of founder colonies, b) provision of wave barriers. 
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Once initiatives are undertaken to improve lake water quality and reduce or remove 

pest species, an opportunity exists to re-introduce a native vegetation that adds 

cultural values (e.g., reed beds of kuta and raupoo), fish habitat, or provides other 

ecosystem services such as lake bed stabilisation or wave buffering. Prerequisite to 

the establishment of native submerged vegetation is sufficient water clarity to allow 

widespread plant growth, and pest fish control to a level where their disturbance 

does not prevent plant establishment. In large lakes with a long wind fetch it is also 

likely that barriers to wave action will need to be constructed to provide protected 

shallow areas for plants to establish. Active planting of founder colonies of 

submerged plants will be needed in most cases due to the absence of viable reserves 

of seed left in the lake sediments. Targeted planting of emergent species will also 

enhance their re-establishmente. 

Action 7.  Provision of public access. 

 

There is a need to integrate public assess needs with other initiatives (e.g., riparian 

plantings) around the lake edge. These would be built on existing reserves where 

present, and may require development of paper roads, or purchase of land from 

adjacent landowners. In most cases this would include the minimum of vehicular 

access and parking, picnic and toilet facilities and, depending on appropriateness, 

either a boat ramp or jetty facility (see Appendix 25: Boat Ramps). Other public 

access needs such as board walks or tracks and other additional facilities are best 

considered on a site by site basis via a lake management plan. Another consideration 

is the associated increased risk of re-introduction of pest species to treated lakes by 

human activities, which will require public education and local signage. 

Action 8.  Monitoring for progress towards goals. 

Confirmation of progress towards goals requires ongoing monitoring of the outcomes 

of initiatives. Ideally lake specific and measurable goals (e.g., reduction in TLI 

measure by 1 within 10 years), would be laid out in a lake management plan, which 

integrates catchment level management objectives. Amongst reporting measures 

that are considered suitable for shallow lakes are the Lake Trophic Level Index (TLI) 

which indicates nutrient status based on four water quality parameters sampled 4–8 

times per year, and LakeSPI that indicates ecological condition based on Submerged 

Plant Indicators. Baseline and future report cards for shallow lakes should 

incorporate one or both of these measures. 

4. Benefits/outcomes 

Where possible, the benefits of actions are outlined for each example lake in Tables 

3–8. Specific and measurable benefits for lakes cannot be identified for each action 

because significant benefits usually depend upon a chain of actions. Additionally 

                                                      
e
 Requires fencing against stock access. 



 10 

some outcomes are not certain, or are site-specific. For example, restoration of 

water clarity for re-establishment of widespread native submerged vegetation in 

Lake Whangapee is likely to depend on the removal of substantial nutrient loads 

(external and internal), a radical reduction in pest fish, exclusion or control of 

submerged weeds, and temporary or more sustained reduction in wave action. 

Removal of major loadings of nutrients, sediments and bacteria from the catchment 

are highly likely under restoration options 2 and 3. Flow on benefits for lake water 

quality (improved clarity and suitable for swimming) will occur, but the timeframe for 

such outcomes is not so clear. This is because nutrients will have accumulated in the 

lake sediments over decades and net export or burial of these deposits may take 

comparable timeframes. Under restoration option 2 benefits would be expected 

within 30 years. The additional actions under options 3 (e.g., sediment capping and 

dredging) are likely to not only increase the level of improvement but also to speed 

recovery to within 5–10 years by removing or capping the nutrient-laden sediments.  

Greatest benefit may come from actions in priority areas, for example, addressing 

condition and impacts from the Whirinaki arm of Lake Ohakurii would have large 

downstream benefits for the rest of the hydro lake chain. 

Co-benefits of actions to restore shallow lake environments include: 

• Reduced release of toxic substances from hydro lake sediments following 

sediment capping (see Appendix 21: Toxic Contaminants).  

• Re-establishment of culturally important plant species (e.g., kuta).  

• Increased habitat for waterfowl, with larger resident populations, in 

response to increased size of riparian buffers. 

5. Risks and probability of success 

In New Zealand, lake restoration has never been attempted on the scale required to 

make significant improvements to the more degraded shallow lakes of the Waikato 

system. There are significant uncertainties about the outcome of actions, whilst the 

complexity and level of interacting factors mean a high level of unpredictability in 

these systems, particularly in the larger lakes where feasibility of undertaking actions 

alone would be a challenge. In most cases an adaptive management approach will be 

required with a sequential series of actions, with assessment at each step and 

reconsideration/adjustment of subsequent steps. Generally, smaller, more isolated 

lakes are considered most feasible to restore, because pest re-invasion is less likely, 

fishing activities can be better targeted, and wind/wave mediated impacts on water 

quality are limited.  
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One example of the complexity and level of problems can be seen when considering 

the large riverine lake, Lake Waikare, which would be a much more difficult 

restoration target than our example lake, Lake Whangapee. Lake Waikare is three 

times the size of Lake Whangapee and has an open shoreline configuration, lacking 

the sheltered arms of Lake Whangapee, which creates extensive wind fetch and 

impacts of wave action on the lake bed and shores. Consequently the lake has high 

levels of suspended solids that contribute to poor water quality, although, even if all 

suspended solids were removed, water clarity and light penetration would still be 

low due to high levels of chlorophyll a and humic staining (Reeves et al., 2002). A 

wave model for the lake suggested that increasing the lake level by 1 m would 

reduce the quantity of sediment re-suspended by waves, but fine clays that are more 

easily suspended may still drive disproportionately high levels of turbidity. Direct 

wave action is also a major limitation for the development of marginal and 

submerged vegetation in the shallow areas of Lake Waikare. The large Matahuru 

Stream inflow contributed 95 percent of sediment load to Lake Waikare. Options to 

intercept and treat via wetland filters or silt traps were limited by scale of treatment 

required and site constraints. Nevertheless, riparian initiatives were recommended 

for the stream and tributaries to intercept or prevent sediment and nutrient loading 

to the Matahuru Stream. Natural geothermal inputs to Lake Waikare result in 

elevated levels of heavy metals in the lake bed (N. Kim, EW, pers comm., 2002), 

which may be an issue for dredging options and disposal of spoil. It was concluded 

that the number and scale of problems made it a poor candidate for rehabilitation 

(Stephens et al., 2004). 

Some actions are at odds with other possible goals. For example a suggested 

aspiration for increased connectivity between water bodies compromises the goal to 

prevent the introduction/reintroduction of pest fish and weeds. Limiting connectivity 

to prevent pest ingress would also limits the reinstatement or improvement of some 

fisheries (e.g., iinanga, mullet) due to corresponding barriers to their migration. 

Other restoration actions involving manipulating lake levels and hydrology would 

reduce flood control capacity, with implications for adjacent land areas. 

There is a high risk of reinfestation by natural, accidental or deliberate introduction 

of pest fish and weeds to lakes, which may necessitate further rehabilitation efforts 

in the future. Other risks associated with restoration actions include the possibility of 

a return to exotic weed dominance if a improved water clarity is achieved in the 

riverine lakes. Contingency for weed control or eradication should be considered as 

part of the restoration sequence. 

6. Costs and timelines 

Narrative tables (Tables 3–8) present the specific actions required for each lake 

example and their associated costs within the three restoration options. Costings 
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include lake buffer zones of differing extent, but do not include riparian fencing and 

planting in the catchment (see Appendix 9: Farms). Note that costs associated with 

riparian fencing and planting in the catchment will vary considerably from lake to 

lake, with no cost for a dune lake such as Lake Otamatearoa that has no tributary or 

drain inflows, to a substantial amount for lakes with large catchments such as Lake 

Whangapee (31,684 ha). Summary costs for the example lakes are outlined in Table 

9. Within the Waikato River catchment 54 lakes of 2 ha or more in size were 

identified that could be categorised into one of the six shallow lake types. In Table 10 

costs based on the example lakes have been extrapolated to the wider group of lakes 

that might represent priorities for restoration.  

No attempt has been made to estimate costs for the possible decommissioning and 

removal of Ohakurii dam. Such costs would include marginal value (as the cost of 

generating power elsewhere), the cost of removal of plant and equipment, and 

impacts on operational costs at downstream power stations (D. Scarlet, Mighty River 

Power Ltd, pers comm.). Other unknowns are the maintenance cost of fencing and 

riparian plantings beyond 3 years, site-specific requirements of dose rate, testing and 

multiple treatments for sediment capping, and costs for consents and permits (e.g., 

for herbicide/piscicide application, species collection and translocation, grass carp 

effects assessment) which will vary widely depending on the required level of detail 

and/or consultation. Likewise, costs for lake management plans have not been 

included in this exercise. Potential cost recovery via a commercial market for pest 

fish are unclear. Another example is containment costs for grass carp (such as 

barriers at all inlets and outlets) which are likely to be highly site specific. 
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Table 3: Lake Serpentine: summary of actions, costs and benefits, with an estimation of the certainty of a successful outcome. 

 

Action Costs Benefit Certainty of outcome 

 Cost item Quantity Total cost   

Fencing and Planting      

1a. Fence margins for 10 m wide 

functional buffer and stock exclusion 

3 string electric 

$5 / m 

Nil Already 

fenced 

  

1b. 10 m planted riparian margin Native plantings
f
 

$20,500/ ha 

Nil Already 

planted 

  

1. Total (OPTION 1)   Nil  Already completed 

2a.  Fencing margins for 50 m wide 

functional buffer and stock exclusion 

3 string electric 

$5 / m 

4.6 km 

perimeter
g
 

$23,045 Addition to current 20 m planted buffer will 

see substantial improvement in nutrient 

interception and filtering. 

High 

2b. 50 m planted riparian margin Native plantings 

$20,500/ ha 

6.4 ha
h
 $131,200 50 m buffer recommended to 

protect/contribute to peat dams that ensure 

lake persistence. Addition to current 20 m 

planted buffer will see substantial 

improvement in nutrient interception and 

filtering. Additional aesthetic values and 

significant increase in bird habitat. 

Moderate to high buffer role 

in peat protection and 

accretion is not assured and 

additional steps may be 

required long-term – see 

below. 

2c. Land production lost  90% $1,403per 

ha per annum, 

10% $1,473 per 

ha per annum
i
 

26.9 ha
j
 $37,860 per 

annum 

 Low-moderate (multiple 

owners, dairy and lifestyle). 

                                                      
f
 PB2 grade plants @ 2500 stems/ ha ($5 planted) + maintenance to year 3 ($8,000/ha). 

g
 Estimated 50 m wide margin around lake complex . 

h
 Estimated area not currently planted within the 50 m + wetland margins around the lake complex. 

i
 Based on values from Appendix 9: Farms. 90 percent catchment in dairy peat drain $1,403 per ha and 10% catchment in lifestyle (dairy poor drain) $1,473 per ha. 
j
 50 m+ area = 37.2 ha less WONI database lake area = 10.347 ha. 
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Table 3 (cont.):  Lake Serpentine. 

 

Action Costs Benefit Certainty of outcome 

 Cost item Quantity Total cost   

2. Total (OPTION 2)   $103,045 + 

$89,060 

operating 

  

3a Fenced margins of entire 

catchment 

Post & batten 

fences $18 / m 

5.88 km
k
 $105,840 

 

Significant reduction in indicator bacteria 

(some residual from waterfowl) and nutrient 

loadings 

High. 

3b Afforestation of entire catchment Native plantings 

$20,500/ ha 

139.4 ha
l
 $2,857,700 

 

Very significant aesthetic benefits as well as 

function in reducing nutrient loadings. Very 

significant contribution to conserving peat 

and lake persistence. Significantly improved 

water quality. Creation of significant bird 

habitat. 

High. Water clarity will 

remain naturally low due to 

peat. 

3c Land production lost 90% $1,403 per 

ha per annum, 

10% $1,473 per 

ha per annum
m

 

110 ha
n
 $155,100 per 

annum 

 Low-moderate (multiple 

owners, dairy and lifestyle). 

3. Total (OPTION 3)   $1,848,340 + 

$1,270,300 

operating 

  

 
 
 
 
 
                                                      
k
 Estimated catchment perimeter. 

l
 WONI database catchment area = 160 ha minus WONI database lake area of 10.3 ha minus Wildlands consultants report 2009 catchment in native vegetation = 8% 
m

 Based on values from Appendix 9: Farms.  90% catchment in dairy peat drain $1,403 per ha and 10% catchment in lifestyle (dairy poor drain) $1,473 / ha. 
n
 WONI database catchment area = 160 ha minus WONI database lake area = 10.3 ha minus reserve area ~40 ha. 
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Action Costs Benefit Certainty of outcome 

 Cost item Quantity Total cost   

Access      

4. Public access to lake; entrance, car 

park, jetty, single toilet and picnic 

area 

$105,000
o 

+ 

consent fees + 

$25,000 

maintenance per 

annum 

1 $105,000 + 

$25,000 

maintenance 

per annum 

 High. 

4. Total (OPTION 2)   $105,000 + 

$25,000 

operating 

  

Monitoring      

5a. Lake monitoring using LakeSPI $2,100 1 $2,100 Monitor native and exotic submerged 

vegetation as an indicator of lake health. 

High. 

5a. Total (OPTION 2)   $2,100 

operating 

  

5b. Lake monitoring using LakeSPI and 

Trophic Lake Index 

$2,100 pa + 

$9,235 pa for 

four visits 

1 $11,235 Monitor native and exotic submerged 

vegetation as an indicator of lake health plus 

monitor trophic level index as an indicator of 

lake health. 

High. 

5b. Total (OPTION 3)   $11,235 

operating 

  

 
 
 
 
 

                                                      
o
 Based on cost estimates from Waipa District Council for similar projects completed by Council. 

Table 3 (cont.):  Lake Serpentine. 
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Action Costs Benefit Certainty of outcome 

 Cost item Quantity Total cost   

Farm contaminants      

6. Infiltration filters or ring drain Backfill and 

construct filters 

($2.5-5k each) or 

ring drain ($6-

7.5k ) for major 

drains 

c. 2–4 

filters 1 

ring drain 

(intercepti

ng 5 

drains) 

$11,000–

$27,500 

Nutrient loads likely to be further reduced by 

removing channelised flows to the lake and 

allows opportunity for infiltration and 

maximal nutrient processing in the buffer 

zone where fluctuating water table. 

Moderate. 

6. Total (OPTION 2)   $27,500 + 10% 

operating 

  

Pest fish      

7a. i) Pest fish control by intensive 

netting. Cost may be partially 

recovered through commercial 

harvesting (agency driven) of pest fish 

~$30,000 per 

annum 
p
 

1 $30,000 per 

annum 

Flow on effects for reduced internal nutrient 

loading, improved water clarity and habitat 

for submerged plants. 

Moderate. 

7a. ii) Selective fish pass for tuna, 

lamprey, iinanga and other galaxiids 

(whitebait) / pest fish barrier 

5 m ramp 1 $50,000 + 

$10,000 

maintenance 

per annum 

Allows upstream fish passage. Eel passage to 

a pest fish controlled habitat is likely to afford 

benefits for the tuna fishery. Upstream 

passage for smelt, mullet and trout will be 

blocked but smelt should be able to develop a 

land locked population. 

High (in association with 

pest fish 

control/eradication). 

7a. Total (OPTION 2)   $50,000 + 

$40,000 

operating 

  

 

                                                      
p
 Lake Serpentine Management Action Plan report. 

Table 3 (cont.):  Lake Serpentine. 
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Action Costs Benefit Certainty of outcome 

 Cost item Quantity Total cost   

7b i) Pest fish eradication by piscicide Low cost of 

material and 

application, cost 

determined by 

consent process 

estimated at 

$100,000 

1 $100,000 Significant reduction in internal nutrient 

loading, improved water clarity and habitat 

for submerged plants. 

Moderate 

7b. ii) Selective fish pass for tuna, 

lamprey, iinanga and other galaxiids 

(whitebait) / pest fish barrier 

Up to a 5 m 

ramp 

1 $50,000 + 

$10,000 

maintenance 

per annum 

Allows upstream fish passage. Passage to a 

pest fish controlled habitat is likely to afford 

benefits for the tuna fishery. Upstream 

passage for smelt, mullet and trout will be 

blocked but smelt should be able to develop a 

land locked population. 

High (in association with 

pest fish 

control/eradication). 

7b. Total (OPTION 3)   $150,000 + 

$10,000 

operating 

  

Sediment capping      

8. Sediment capping whole lake with 

modified zeolite (Aqua-P)  

$2,400 per tonne 

Aqua-P + 

sediment test, 

calibration, 

monitoring + 

consent costs 

31 tonnes 

Aqua-P 

$400,000 Little improvement to current water quality 

except possibly in South Lake  

Moderate – Catchment 

nutrient sources and pest 

fish need to be reduced in 

conjunction with sediment 

capping. 

8. Total (OPTION 3)   $400,000   

 
 
 

Table 3 (cont.):  Lake Serpentine. 
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Action Costs Benefit Certainty of outcome 

 Cost item Quantity Total cost   

Water level control      

9a. Alterations to weir to raise and 

re-instate common water level 

$200,000
q
 1 $200,000 Reconnection of the 3 basins and deeper lake 

depths is likely to confer long-term protection 

to lakes against drainage/subsidence. 

Moderate 

9b. Construction of a bund (1.3 km 

long, 1.5 m high) and backfilling of 

outlet drain across lower catchment 

to preserve peat deposits 

$440,000
r
 + 

consent, tip fees, 

design, 

landscaping and 

management 

costs 

1 $440,000 + 

consent, tip 

fees, design, 

landscaping 

and 

management 

costs. 

Long-term sustainability of the lakes 

improved by protection and accretion of peat 

by raised water table to near ground surface 

around lakes and immediate downstream 

peat deposits. 

Moderate 

9. Total (OPTION 3)   $640,000   

                                                      
q
 Estimate from Environment Waikato for water level control structures. 

r
 Beca Engineering Ltd estimate. 

Table 3 (cont.):  Lake Serpentine. 
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Table 4:  Lake Ohinewai: summary of actions, costs and benefits, with an estimation of the certainty of a successful outcome. 

 

Action Costs Benefit Certainty 

of outcome 

 Cost item Quantity Total cost   

Fencing and Planting      

1a. Fence 1 m margin for stock 

exclusion 

3 string electric 

$5/m 

1,902 m 

lake 

perimeter
s
 

Nil, already 

fenced 

  

1b. 1 m wide planted riparian margin Native plantings
t
 

$20,500/ha 

1.9 ha Nil, already 

planted 

  

1c. Land production lost - - -   

1. Total (OPTION 1)   Nil  Already 

completed. 

2a. Fence margins for 10 m wide 

functional buffer and stock exclusion 

3 string electric 

$5/m 

2.150 km 

perimeter 

$10,750 Reduction in indicator bacteria (some residual from 

waterfowl) and nutrient loadings. 

Moderate-

High. 

2b. 10 m wide planted riparian 

margin 

Planting 

$20,500/ha 

3.6 ha $73,800 Significant aesthetic benefits as well as function in 

reducing nutrient loadings. 

Moderate-

High. 

2c. Land production lost $1,473 per ha per 

annum
u
 

3.6 ha $5,300 per 

annum 

  

2 Total (OPTION 2)   $55,750 + 

$34,100 

operating 

  

3a. Fencing margins for 50 m+ 

contour wide functional buffer and 

stock exclusion 

3 string electric 

$5/m 

3.7 km 

perimeter 

$18,500 

 

Significant reduction in indicator bacteria and nutrient 

loadings. Delay in lake water quality likely until residual 

nutrient load is exported or treated (see 5 below). 

Moderate-

High. 

                                                      
s
 WONI database value of 1,902 m lake perimeter. 

t
 PB2 grade plants @ 2500 stems/ ha ($5 planted) + maintenance to year 3 ($8,000/ha). 

u
 Based on catchment in dairy poor drain $1,473 per ha, values from Appendix 9: Farms. 
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Action Costs Benefit Certainty 

of outcome 

 Cost item Quantity Total cost   

3b. 50 m + contour and planted 

riparian margin 

Planting 

$20,500/ ha 

28.6 ha $586,300 Significant aesthetic benefits as well as function. 

Significant reduction in indicator bacteria and nutrient 

loadings. Creation of significant bird habitat. 

Moderate-

High. 

3c. Land production lost $1,473 per ha 

per annum 

28.6 ha $42,130 per 

annum 

  

3 Total (OPTION 3)   $376,000 + 

$270,930 

operating 

  

4a Fenced margins of entire 

catchment 

3 string electric 

$5 / m 

11.52 km
v
 $57,600 Very significant reduction in indicator bacteria and 

nutrient loadings. Delay in lake water quality likely until 

residual nutrient load is exported or treated (see 5 

below). 

High. 

4b Afforestation of entire catchment Planting 

$20,500/ ha 

313.8 ha
w

 $6,432,900 Very significant aesthetic benefits as well as function; 

very significant reduction in indicator bacteria and 

nutrient loadings. Creation of very significant bird 

habitat. 

 

4c Land production lost $1,473 per ha 

per annum 

63.30
x
 $93,240 per 

annum 

  

4 Total (OPTION 3)   $3,980,100 + 

$2,603,640 

operating 

  

                                                      
v
 WONI database value of 11,520 m catchment perimeter. 

w
 WONI catchment area 3,309,300 m

2
 less WONI lake area 170,711 m

2
. 

x
 Wildlands Consultants report 2009 is 68.3 ha – lake area of 5 ha. 

Table 4 (cont):  Lake Ohinewai. 
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Action Costs Benefit Certainty 

of outcome 

 Cost item Quantity Total cost   

Access      

5. Public access to lake; entrance, car 

park, toilet, picnic area and jetty 

$105,000 + 

$25,000 pa 

maintenance
y
 

1 $105,000 + 

$25,000 pa 

maintenance 

Significant access and recreational benefits. High. 

5 Total (OPTION 2)   $105,000 + 

$25,000 

operating 

  

Monitoring      

6a. Lake monitoring using LakeSPI $2,100 pa 1 $2,100 Monitor native and exotic submerged vegetation as 

an indicator of lake health. 

High. 

6a Total (OPTION 2)   $2,100 

operating 

  

6b. Lake monitoring using LakeSPI and 

Trophic Lake Index 

$2,100 pa + 

$9,235 pa for four 

visits 

1 $11,235 Monitor native and exotic submerged vegetation as 

an indicator of lake health plus monitor trophic level 

index as an indicator of lake health. 

High. 

6b Total (OPTION 3)   $11,235 

operating 

  

Farm contaminants      

7. Infiltration filters Backfill 2 major drains 

and construct 

infiltration filter at c. 

$4–5 k each
z
 

2 major 

drains 

~$10k + ~$1k 

maintenance 

costs 

Additional benefits to riparian buffer in intercepting 

and treating nutrient sources. 

Moderate. 

                                                      
y
 Based on cost estimates from Waikato District Council, Waipa District Council and Beca Engineering Ltd. 

z
 Lake Serpentine Management Action Plan report. 

Table 4 (cont.):  Lake Ohinewai. 
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Action Costs Benefit Certainty 

of outcome 

 Cost item Quantity Total cost   

7 Total (OPTION 2)   $10,000 + 

$1,000 

operating 

  

Sediment capping      

8. Sediment capping whole lake with 

alum followed by modified zeolite 

(Aqua-P) 

$650 per tonne alum; 

$2,400 per tonne 

Aqua-P; + sediment 

test, calibration, 

monitoring + consent 

costs 

25.6 tonnes 

alum; 51.2 

tonnes  

Aqua-P 

$479,120 + 

consent costs 

Significantly improved water quality and reduced 

nutrients in water column and lake bed, 

particularly phosphorus. Alum removes 

phosphorus from water column. Aqua P removes 

phosphorus, arsenic, mercury and some ammonia, 

creates a thick cap on lake bed so that sediments 

are unlikely to become re-suspended. 

Moderate - 

Catchment 

nutrient 

sources and 

pest fish 

need to be 

reduced, 

plus 

selective fish 

pass in 

conjunction 

with 

sediment 

capping. 

8 Total (OPTION 3)   $479,120   

Pest fish      

9a. i) Pest fish control by intensive 

netting. Cost may be partially 

recovered through commercial 

harvesting (agency driven) of pest fish 

$100k initial control 

then $60k per annum
 

aa
 

 $100k+ $60k 

per annum 

Flow on effects for reduced internal nutrient 

loading, improved water clarity and habitat for 

submerged plants. 

Moderate. 

                                                      
aa

 Based on Serpentine Lakes estimate scaled up for Lake Ohinewai. 

Table 4 (cont.):  Lake Ohinewai. 
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Action Costs Benefit Certainty 

of outcome 

 Cost item Quantity Total cost   

9a. ii) Electrofishing Nil
bb

 Test Likely to be nil 

but not 

ongoing 

Flow on effects for reduced internal nutrient 

loading, improved water clarity and habitat for 

submerged plants. 

Moderate. 

9a. iii) Selective fish pass for tuna, 

lamprey iinanga and other galaxiids 

(whitebait) / pest fish barrier 

Up to 5 m ramp 1 $50k + $10k 

maintenance 

per annum 

Allows upstream fish passage. Eel passage to a pest 

fish controlled habitat is likely to afford benefits for 

the tuna fishery. Upstream passage for smelt, 

mullet and trout will be blocked but smelt should 

be able to develop a land locked population. 

High. 

9a Total (OPTION 2)   $50k + $170k 

operating 

  

9b. i) Pest fish eradication by piscicide  Low cost of material 

and application, cost 

determined by 

consent process 

estimated at $100k 

 $100k Significant reduction in internal nutrient loading, 

improved water clarity and habitat for submerged 

plants. 

Moderate 

9b. ii) Selective fish pass for tuna, 

lamprey iinanga and other galaxiids 

(whitebait) / pest fish barrier 

Up to 5 m ramp 1 $50k + $10k 

maintenance 

per annum 

Allows upstream fish passage. Eel passage to a pest 

fish controlled habitat is likely to afford benefits for 

the tuna fishery. Upstream passage for smelt, 

mullet and trout will be blocked but smelt should 

be able to develop a land locked population. 

High 

9b Total (OPTION 3)   $150k + $10k 

operating 

  

 
 

                                                      
bb

 Lake Ohinewai identified as possible test lake for pest fish reduction under University of Waikato research. 

Table 4 (cont.):  Lake Ohinewai. 
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Action Costs Benefit Certainty 

of outcome 

 Cost item Quantity Total cost   

Aquatic plants      

10. Re-establish founder submerged 

plant communities 

$22k per 10 m
2
 + 

species translocation 

permit costs 

Either 

10m
2
 or 10 

enclosures 

$22k Would require improved water quality to attempt. 

Significant benefits to water quality, aesthetics and 

fish habitat are likely 

Moderate 

10 Total (OPTION 3)   $22k   

 

Table 4 (cont):  Lake Ohinewai. 
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Table 5: Lake Otamatearoa: summary of actions, costs and benefits, with an estimation of the certainty of a successful outcome. 

 

Action Costs Benefit Certainty 

of outcome 

 Cost item Quantity Total cost   

Fencing and Planting      

1a. Fencing margins for stock exclusion 3 string electric $5/m 900 m lake 

perimeter
cc

 

$4,500 Measurable reduction in indicator bacteria (some 

residual bacteria from waterfowl).
dd

 Improved 

swimmable standard. 

High 

1b. 1 m wide planted riparian margin Native plantings
ee

 

$20,500/ha 

900m
2
 $18,450 Little aesthetic benefit over current condition. High 

1c. Land production lost - - -   

1 Total (OPTION 1)   $15,750 + 

$7,200 

operating 

  

2a. Fencing margins for 10 m wide 

functional buffer and stock exclusion 

3 string electric $5/m 1.026 km 

perimeter 

$5,130 Significant reduction in indicator bacteria (some 

residual from waterfowl) and nutrient loadings.  

Moderate-

High 

2b. 10 m wide planted riparian margin Planting $20,500/ha 1.13 ha
ff
 $23,165 Significant aesthetic benefits as well as function in 

reducing nutrient. 

Moderate-

High 

2a. Land production lost $323 per ha per 

annum
gg

 

1.13 ha $365 per 

annum 

  

2 Total (OPTION 2)   $19,255 + 

$9,405 

operating 

  

                                                      
cc

 WONI database value of 845m lake perimeter. 
dd

 Need for some margins to be maintained as open habitat for rare plants by grazing/mowing/herbicide. 
ee

 PB2 grade  plants @ 2500 stems/ ha ($5 planted) + maintenance to year 3 ($8,000/ha). 
ff
 Estimated 10 m buffer area = 6 ha less area of lake, WONI database = 4.87 ha. 

gg
 Based on catchment in sheep and beef class 4 $323 per ha, values from Appendix 9: Farms.  
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Action Costs Benefit Certainty 

of outcome 

 Cost item Quantity Total cost   

3a. i) Fencing margins for 50 m 

functional buffer and stock exclusion 

3 string electric $5/m 1.28 km 

perimeter 

$6,420 Significant reduction in indicator bacteria (some 

residual from waterfowl) and nutrient loadings. 

Moderate-

High 

3a. ii) 50 m planted riparian margin Planting $20,500/ha 5.23 ha
hh

 $107,215 Significant aesthetic benefits as well as function in 

reducing nutrient loadings. Improved water 

quality. Creation of significant bird habitat. 

Moderate-

High 

3a. iii) Land production lost $323 per ha per 

annum 

5.23 ha $1,690 per 

annum 

  

3a Total (OPTION 3)   $71,795 + 

$43,530 

operating 

  

3b i) Fenced margins of entire 

catchment 

3 string electric $5 / 

m 

3.42 km $17,100 Significant reduction in indicator bacteria (some 

residual from waterfowl) and nutrient loadings.  

Moderate-

High 

3b ii) Afforestation of entire catchment Planting $20,500/ha 40.5 ha $830,250 Very significant aesthetic benefits as well as 

function in reducing nutrient loadings. Significantly 

improved water quality. Creation of significant bird 

habitat.  

Moderate-

High 

3b iii) Land production lost $323 per ha per 

annum 

40.5 ha $13,080 per 

annum 

  

3b Total (OPTION 3)   $523,350 + 

$337,080 

operating 

  

 
 

                                                      
hh

 Estimated 50 m buffer area = 10.1 ha less area of lake, WONI database = 4.87 ha. 

Table 5 (cont.): Lake Otamatearoa 
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Action Costs Benefit Certainty 

of outcome 

 Cost item Quantity Total cost   

Weed control      

4a. Herbicide eradication of weed Endothall product 

cost of $28 per litre 

for 800 L
ii 

(recommended 3 

ppm), applicator 

costs of $4k per 

application, 

compliance costs
jj
 

4 ha 

vegetated 

$26,400 Eradication of weed considered likely, but could be 

increased with repeat applications at lower 

concentration (higher cost), No/minimal impacts 

on marginal and native submerged vegetation. 

Moderate. 

4a Total (OPTION 2)   $26,400   

4b. Stock grass carp for weed 

eradication 

$25 per 25 cm fish, 

40 fish per vegetated 

ha + AEE + $7,000
kk

 

no containment costs 

4 

vegetated 

ha 

$11,000 Eradication of weed within 2–5 years, but impacts 

on submerged and marginal vegetation values will 

occur until fish can be removed (questionable) or 

attrition by mortality (15–20 years). 

High. 

4b Total (OPTION 3)   $11,000   

Access      

5a. Public access to lake; entrance, car 

park, toilet, picnic area and jetty 

$105,000 + $25,000 

pa maintenance
ll
 

1 $105,000 + 

$25,000 per 

annum 

maintenance 

Significant access and recreational benefits High. 

 
 
                                                      
ii
 WONI database lake area = 4.87 ha. 

jj
 Depending on level of consultation required. 

kk
 Depending on level of consultation required. 

ll
 Based on cost estimates from Waikato District Council, Waipa District Council and Beca Engineering Ltd. 

Table 5 (cont.): Lake Otamatearoa 
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Action Costs Benefit Certainty 

of outcome 

 Cost item Quantity Total cost   

5b Purchase of land for access way $4,037.50/ha
mm

 0.5 ha $2,020  Moderate. 

5 Total (OPTION 2)   $185,000 + 

$25,000 

operating 

  

Monitoring      

6a. Lake monitoring using LakeSPI $2,100 pa 1 $2,100 Monitor native and exotic submerged vegetation 

as an indicator of lake health. 

High. 

6a Total (OPTION 2)   $2,100 

operating 

  

6b. Lake monitoring using LakeSPI and 

Trophic Lake Index 

$2,100 pa + $9,235 

pa for four visits 

1 $11,235 Monitor native and exotic submerged vegetation 

as an indicator of lake health plus monitor trophic 

level index as an indicator of lake health. 

High. 

6b Total (OPTION 3)   $11,235 

operating 

  

 

                                                      
mm

 Based on sheep and beef class 4 $323 discounted at 8 percent over 30 years, values from Appendix 9: Farms. 

Table 5 (cont.): Lake Otamatearoa 
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Table 6:  Lake Whangapee: summary of actions, costs and benefits, with an estimation of the certainty of a successful outcome. 

 

Action Costs Benefit Certainty of 

outcome 

 Cost item Quantity Total cost   

Fencing and Planting      

1a. Fencing margins for stock exclusion 3 string electric 

$5/m 

29.5 km lake 

perimeter
nn

 

Nil, required 

by EW rule 

Reduced grazing pressure on turf plant 

communities. Limited reduction in indicator 

bacteria. Improved swimmable standard. 

High. 

1b. 1 m wide planted riparian margin Native plantings
oo

 

$20,500/ ha 

3 ha $61,500
pp 

Little aesthetic benefit over current condition. - 

1 Total (OPTION 1)   $37.5k + $24k 

operating 

  

2a. Fencing margins for 10 m wide 

functional buffer and stock exclusion 

3 string electric 

$5/m 

29.6 km 

perimeter 

Nil, required 

by EW rule 

Reduction in indicator bacteria (some residual 

from waterfowl) and nutrient loadings. Reduced 

grazing pressure on turf plant communities. 

Moderate-

High. 

2b. 10 m wide planted riparian margin Planting 

$20,500/ha 
qq

 

29.5 ha $604,750
rr 

Significant aesthetic benefits as well as function in 

reducing nutrient. 

Moderate-

High. 

2c. Land production lost $1,467 per ha per 

annum
ss

 

29.5 ha $43,280 per 

annum 

  

2 Total (OPTION 2)   $368,750 + 

$427,280 

operating 

  

                                                      
nn

 GIS value of 29,544 m lake perimeter. 
oo

 PB2 grade  plants @ 2,500 stems/ ha ($5 planted) + maintenance to year 3 ($8,000/ha). 
pp

 Includes 3 years of maintenance costs following planting. 
qq

 PB2 grade  plants @ 2,500 stems/ ha ($5 planted) + maintenance to year 3 ($8,000/ha). 
rr

 Includes 3 years of maintenance costs following planting. 
ss

 Based on dairy free drain $1,467 per ha, values from Appendix 9: Farms. 
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Action Costs Benefit Certainty of 

outcome 

 Cost item Quantity Total cost   

3a. Fencing margins for 50 m + contour 

wide functional buffer and stock 

exclusion  

3 string electric 

$5/m 

124.1 km 

perimeter 

$620,500 Significant reduction in indicator bacteria (some 

residual from waterfowl) and nutrient loadings. 

Reduced grazing pressure on turf plant 

communities. 

Moderate-

High. 

3b. 50 m + wetland & planted riparian 

margin 

Planting $20,500/ 

ha 

1,730 ha $35,465,000 Significant aesthetic benefits as well as function in 

reducing nutrient loadings. Improved water 

quality. Creation of significant bird habitat. 

Reduced grazing pressure on turf plant 

communities. 

Moderate-

High. 

3c. Land production lost $1,467 per ha per 

annum
tt
 

1,730 ha $2,537,910 

per annum 

  

3 Total (OPTION 3)   $22,245,500 + 

$16,377,910 

operating 

  

4a Fencing catchment margins Post & batten 

fences $18 / m 

135 km 

catchment 

perimeter 

$2,430,000 Extreme reduction in indicator bacteria (some 

residual from waterfowl) and nutrient loadings.  

High 

4b Planting of catchment Planting $20,500/ 

ha 

28,105 ha
uu

 $576,152,500 Very significant aesthetic benefits as well as 

function in reducing nutrient loadings. Significantly 

improved water quality. Creation of significant bird 

habitat. Reduced grazing pressure on turf plant 

communities. 

High 

 

                                                      
tt

 Based on dairy free drain $1,467 per ha, values from Appendix 9: Farms. 
uu

 GIS total catchment area 31,721.4 ha less Wildlands consultants report 2009 8% catchment in native vegetation less WONI database lake area 1,078.62 ha. 

Table 6 (cont.):  Lake Whangapee. 
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Action Costs Benefit Certainty of 

outcome 

 Cost item Quantity Total cost   

4c Land production lost 90% of area $180 

per ha per annum, 

10% $1,467 per ha 

per annum
vv

 

29,295 ha
ww

 $9,043,205 

per annum 

 

  

4 Total (OPTION 3)   $353,743,350 

+ 

$233,882,355  

operating 

  

Access      

5. Public access to lake; entrance, car 

park, toilet, picnic area and boat ramp 

$505,000 + $25,000 

per annum 

maintenance
xx

 

1 $505,000 + 

$25,000 per 

annum 

Significant access and recreational benefits.  

5 Total (OPTION 2)   $505,000 + 

$25,000 

operating 

  

Monitoring      

6a. Lake monitoring using LakeSPI $2,100 per annum 1 $2,100 per 

annum 

Monitor native and exotic submerged vegetation 

as an indicator of lake health. 

High 

6a Total (OPTION 2)   $2,100 

operating 

  

 

                                                      
vv

 Based on 90% catchment in sheep and beef class 3 $180 per ha, 10% catchment in dairy free drain $1,467 per ha, values from Appendix 9: Farms. 
ww

 GIS total catchment area 31,721.4 ha less 1,348.3 ha designated DOC reserve, Waikato District Council proposed plan 2009 less WONI database lake area 1,078.62 ha. 
xx

 Based on cost estimates from Waikato District Council, Waipa District Council and Beca Engineering Ltd.  

Table 6 (cont.):  Lake Whangapee. 
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Action Costs Benefit Certainty of 

outcome 

 Cost item Quantity Total cost   

6b. Lake monitoring using LakeSPI and 

Trophic Lake Index 

$2,100 per annum 

+ $9,235 per 

annum for 4 visits 

1 $11,235 per 

annum 

Monitor native and exotic submerged vegetation 

as an indicator of lake health plus monitor trophic 

level index as an indicator of lake health. 

High. 

6b Total (OPTION 3)   $11,235 

operating 

  

Willow control      

7a. i) Willow treatment aerial spraying 

followed by spot spraying (30% of 

area) 

$600 / ha aerial 

spraying; $1,200 / 

ha spot spray
yy

 + 

10% maintenance 

costs + consent 

costs 

1,133 ha
zz 

 

$1,087,680 + 

108,770 

maintenance 

costs + 

consent costs 

Significant aesthetic benefits as well as function in 

removal of a pest plant replaced by native wetland 

vegetation. Some non-target spray damage to 

native vegetation. 

Moderate – 

high. Crack 

willow 

eradicated; 

grey willow 

spreads via 

seed so 

needs 

ongoing 

control. 

7a. ii) Replant treated willow area with 

flax wetland and kahikatea forest 

Planting $20,500/ 

ha 

1,133 ha $23,226,500 Significant aesthetic benefits. Creation of 

significant bird habitat. Potential creation of 

harakeke resource for cultural harvest. 

Moderate – 

high.  

7a Total (OPTION 2)   $15,250,180 + 

$9,172,770 

operating 

  

 
 

                                                      
yy

 Estimated costs from Waikato Conservancy Office, Department of Conservation: $600 / ha boom spray entire area; $1,200/ha spot spraying. 
zz

 Estimated from aerial photographs area = 1,133 ha plus 50 percent repeat spray. 

Table 6 (cont.):  Lake Whangapee. 
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Action Costs Benefit Certainty of 

outcome 

 Cost item Quantity Total cost   

7b. i) Willow treatment aerial spraying 

followed by spot spraying (30% of 

area) and drill & inject (30% of area)
aaa

  

$600 / ha aerial 

spraying; $1,200 / 

ha spot spray
bbb

; 

$25,000 / ha drill & 

inject herbicide
ccc

 + 

10% maintenance 

costs + consent 

costs 

1,133 ha
 

 

$9,585,180 + 

$958,520 

maintenance 

costs + 

consent costs 

Significant aesthetic benefits as well as function in 

removal of a pest plant replaced by native wetland 

vegetation. Little non-target spray damage to 

native vegetation. 

Moderate – 

high Crack 

willow 

eradicated; 

grey willow 

spreads via 

seed so likely 

to need 

ongoing 

control. 

7b. ii) Replant treated willow area with 

flax wetland and kahikatea forest 

Planting 

$20,500/ha 

1,133 ha $23,226,500 Significant aesthetic benefits. Creation of 

significant bird habitat. Potential creation of 

harakeke resource for cultural harvest. 

Moderate – 

high. 

7b. iii) Continue weed control of 

replanted willow area for a further 10 

years 

$700/ ha 1,133 ha 

 

$793,100 Significant aesthetic benefits. Creation of 

significant bird habitat. Potential creation of 

harakeke resource for cultural harvest. 

Moderate – 

high.  

7b Total (OPTION 3)   $23,747,680 + 

$10,815,620 

operating 

  

 
 
 
 

                                                      
aaa

 Drill and inject can be used in sensitive areas where aerial spraying is not an option. 
bbb

 Estimated costs from Waikato Conservancy Office, Department of Conservation: $600/ha boom spray entire area; $1,200 / ha spot spraying 30 percent of area. 
ccc

 Cost estimates based on Waitakere City Council willow control drill and inject 2009/2010 to follow up 30 percent of area. 

Table 6 (cont.):  Lake Whangapee. 
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Action Costs Benefit Certainty of 

outcome 

 Cost item Quantity Total cost   

Farm contaminants      

8a. Constructed wetlands at lake 

inflows with infiltration filter
ddd

 

$250,000/ha
eee

 + 

$495/ha 

maintenance 
fff

 

4 filters over 

3.5 ha 

$1,000,000
ggg

 

+ $1,733 

maintenance 

per annum 

Removal of 80% sediments, 60% nitrogen and 

phosphorus, removal of organic forms of nitrogen 

and phosphorus, greater reduction of suspended 

sediments and E. coli.
hhh

 Removes channelised 

flows to the lake and allows nutrient processing in 

the buffer zone. 

Low-

moderate. 

8a. Purchase of land for constructed 

wetlands at lake inflows with 

infiltration filter 

$18,337.50/ha 
iii
 3.5 ha $64,181  Low-

moderate. 

8a Total (OPTION 2)   $1,064,181 + 

$1,733 

operating 

  

8b. Constructed wetlands at lake 

inflows with infiltration filter
jjj

 

ii) $250,000/ha
kkk

 + 

$495/ha 

maintenance 
lll
 

7 filters over 

6 ha 

$1,750,000
mmm

 + $2,970 

maintenance 

pa 

Removal of 80% sediments, 60% N and P, removal 

of organic forms of nitrogen and phosphorus, 

greater reduction of suspended sediments and E. 

coli.
nnn

 Removes channelised flows to the lake and 

allows nutrient processing in the buffer zone. 

Moderate. 

                                                      
ddd

 Maintenance costs and consent costs additional. 
eee

 Based on indicative costs for Lake Mangahia; Bodmin et al., (2008). Lake Mangahia management recommendations for lake level, marginal vegetation and nutrient removal. Client report 

for EW. 
fff

 Costs from McKergow et al., (2007). Stocktake of diffuse pollution attenuation tools for New Zealand pastoral farming systems. Constructed wetland maintenance = $15/ha pa. Woodchip 

filter $4,800 / ha * 6 ha lasts for ten years then replace. 
ggg

 Information on nutrient levels and drainage flows are required to calculate infiltration filter size plus consent costs. 
hhh

 McKergow et al., (2007). Stocktake of diffuse pollution attenuation tools for New Zealand pastoral farming systems. 
iii
 Based on dairy free drain $1,467 per ha discounted at 8% over 30 years, values from Appendix 9: Farms. 

Table 6 (cont.):  Lake Whangapee. 
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Action Costs Benefit Certainty of 

outcome 

 Cost item Quantity Total cost   

8b. Purchase of land for constructed 

wetlands at lake inflows with 

infiltration filter 

$18,337.50/ha 6 ha $110,025  Low-

moderate. 

8b Total (OPTION 3)   $1,860,025 + 

$2,970 

operating 

  

8c. Constructed wetlands at lake 

inflows
ooo

 

$7,500/ha 

construction + 

$180/ha
ppp

 land 

production lost + 

$15/ha 

maintenance
 qqq

 

3% of 

catchment 

area = 921 

ha
rrr

 

$6,904,800 + 

$165,780 per 

annum lost 

production + 

$13,815 per 

annum 

maintenance 

Removal of 80% sediments, 60% nitrogen and 

phosphorus, and ~90% E. coli
sss

, 

Moderate. 

8c Total (OPTION 3)   $6,904,800 + 

$179,595 

operating 

  

                                                                                                                                                                                                                                                               
jjj

 Consent costs additional. 
kkk

 Based on indicative costs for Lake Mangahia; Bodmin et al., (2008). Lake Mangahia management recommendations for lake level, marginal vegetation and nutrient removal.  
lll
 Costs from McKergow et al., (2007). Stocktake of diffuse pollution attenuation tools for New Zealand pastoral farming systems. Constructed wetland maintenance = $15 / ha pa. Woodchip 

filter $4,800 / ha * 6 ha lasts for ten years then replace. 
mmm

 Information on nutrient levels and drainage flows are required to calculate infiltration filter size plus consent costs. 
nnn

 McKergow et al., (2007). Stocktake of diffuse pollution attenuation tools for New Zealand pastoral farming systems. 
ooo

 Consent costs additional. 
ppp

 Based sheep & beef class 3 $180 per ha, values from Appendix 9: Farms.  
qqq

 McKergow et al., (2007). Stocktake of diffuse pollution attenuation tools for New Zealand pastoral farming systems. Constructed wetland maintenance $15 / ha pa. 
rrr

 Based on indicative areas from McKergow et al., (2007). Stocktake of diffuse pollution attenuation tools for New Zealand pastoral farming systems.  
sss

 McKergow et al., (2007). Stocktake of diffuse pollution attenuation tools for New Zealand pastoral farming systems. 

Table 6 (cont.):  Lake Whangapee. 



  36 

 
 
 

Action Costs Benefit Certainty of 

outcome 

 Cost item Quantity Total cost   

Sediment capping and removal      

9a. Sediment capping whole lake with 

alum followed by modified zeolite 

(Aqua-P) 

$2,400 per tonne 

Aqua-P; + sediment 

test, calibration, 

monitoring + 

consent costs 

3,237 

tonnes 

Aqua-P 

$10,217,560 + 

costs for 

consents, 

management 

and 

monitoring 

Reduce nutrients in water column and lake bed, 

particularly phosphorus. Aqua P removes 

phosphorus, arsenic, mercury and some ammonia, 

creates a thick cap on lake bed so that sediments 

are unlikely to become re-suspended. 

Moderate. 

Catchment 

nutrient 

sources and 

pest fish 

need to be 

reduced in 

conjunction 

with 

sediment 

capping. 

9a Total (OPTION 3)   $10,217,560   

9b. Drain, dig out sediment, dry out. 

Possibly use for wave barrier? 

$5,600,000 to 

$9,700,000
ttt

 

1 $5,600,000 to 

$9,700,000 

dependent on 

sediment 

disposal 

Reduce nutrients and suspended sediment in lake 

water to improve water clarity and habitat for 

submerged plants. Option to reduce pest fish and 

aquatic weed whilst water levels lowered. 

Moderate. 

Catchment 

nutrient 

sources and 

pest fish 

need to be 

reduced in 

conjunction 

with 

sediment 

removal. 

 

                                                      
ttt

 Beca Engineering Ltd estimate. 

Table 6 (cont.):  Lake Whangapee. 
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Action Costs Benefit Certainty of 

outcome 

 Cost item Quantity Total cost   

9b Total (OPTION 3)   $9,700,000   

Pest fish      

10a. Pest fish control by intensive 

netting. Cost may be partially 

recovered through commercial 

harvesting (agency driven) of pest fish 

$50,000 equipment 

+ $200,000 per 

annum 
uuu

 

1 $50,000 + 

$200,000 per 

annum 

Decrease grazing and disturbance pressure on 

important native turf plant communities. 

Low to 

moderate –

risk of 

reinvasion 

from 

tributaries 

and Waikato 

River when 

flooding. 

10a Total (OPTION 2)   $50,000 + 

$200,000 

operating 

  

10b. Pest fish control treat lake and 

tributaries with piscicide followed by 

intensive netting. Cost may be partially 

offset by commercial harvesting of 

pest fish 

Estimated at 

$1,000k
vvv

 treat 

lake + $50k 

equipment + $200k 

per annum 

1,079 ha full 

lake + 

tributaries 

$1,050,000 + 

$200,000 per 

annum 

Significant decrease in grazing and disturbance 

pressure on important native turf plant 

communities, although ongoing control required to 

keep pest fish numbers down. 

Low.
www

 

10b Total (OPTION 3)   $1,050,000 + 

$200,000 

operating 

  

 

                                                      
uuu

 Based on Serpentine Lakes estimate scaled up for Lake Whangapee. 
vvv

 Based on Lake Ohinewai estimates scaled up for Lake Whangapee. 
www

 Pest fish re-introduced when Waikato River floods; difficult to kill all pest fish in tributaries; fish re-introduced from human activity. 

Table 6 (cont.):  Lake Whangapee. 
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Action Costs Benefit Certainty of 

outcome 

 Cost item Quantity Total cost   

Water level control      

11a. Bund along Glen Murray Rangiriri 

Rd with gates and fish pass 

 

$3,000,000
xxx

 Bund 5 m
yyy

 

high and 

~150 m long 

$3,000k + 

$300k 

maintenance 

+ consents + 

design, tip 

fees, 

landscaping 

and 

management  

costs 

Allow greater water level fluctuations similar to 

historical levels, larger habitat area for fish, 

wetlands and lake margin vegetation. May improve 

water clarity. 

Moderate. 

11 Total (OPTION 3)   $3,000k + 

$300k 

operating 

  

Wave control      

12a. Wave barriers across arm 

entrances of lake using manuka brush 

barriers 

$20,000 1 $20,000 + 

$100,000 

maintenance 

Protect re-establishing submerged plants; reduce 

turbidity of water; improve water clarity. 

Low-

moderate 

will aid water 

within arms 

but little 

effect on 

main lake 

body. 

 
 
                                                      
xxx

 Estimate based on gates and pass at Lake Waikare plus bund cost from Beca Engineering Ltd. 
yyy

 Based on Waikato River fluctuations of 4 m from the Rangiriri flow gauge, Environment Waikato website. 

Table 6 (cont.):  Lake Whangapee. 
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Action Costs Benefit Certainty of 

outcome 

 Cost item Quantity Total cost   

12a Total (OPTION 2)   $20,000 + 

$100,000 

operating 

  

12b. Wave barriers (causeway type) 

across arm entrances of lake (if 

sediment is suitable) 

$4,182,060  
zzz

 + 

~10% maintenance 

3–4 $16,728,240 + 

$1,672,825 

operating 

Protect re-establishing submerged plants; reduce 

turbidity of water; improve water clarity. 

Low- 

moderate 

will aid water 

within arms 

but little 

effect on 

main lake 

body. 

12c. Replant emergent plants along 

lake shallows 

$33,900 per ha + 

species 

translocation 

permit costs
aaaa

 

2.1 ha
bbbb

 $42,360 + 

$28,560 

operating 

Co-benefits to water quality, aesthetics and fish 

habitat are likely. Act as shelter belts of founder 

populations of submerged plants. 

Moderate – 

would 

require 

improved 

water quality 

and pest fish 

control to 

attempt. 

 
 
 
 
 
                                                      
zzz

 Based on cost estimates for Lake Waikare by Beca Engineering Ltd. 
aaaa

 Estimated costs root trainer 10,000 plants / ha ($20,300 planted) + maintenance to year 3 ($13,600/ha) from Wildlands Consultants Ltd. These estimates exclude management costs, plant 

delivery costs, travel and expenses. 
bbbb

 10.42 km shoreline and 2 m wide plantings. 

Table 6 (cont.):  Lake Whangapee. 
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Action Costs Benefit Certainty of 

outcome 

 Cost item Quantity Total cost   

12d. Re-establish founder submerged 

plant communities   

$22,000 per 10 m
2
 

+ species 

translocation 

permit costs
cccc

 

40 m2 $88k Co-benefits to water quality, improved water 

clarity, aesthetics and fish habitat are likely.  

Moderate. 

Would 

require 

improved 

water quality 

and pest fish 

control to 

attempt. 

12b-d Total (OPTION 3)   $16,858,600 + 

$1,701,385 

operating 

  

Weed control      

13a. Weed control of hornwort and 

egeria using herbicide (diquat) 

$1,600/ha for 

diquat product and 

application + 

compliance costs 

 

 

Treat 30% of 

lake, 324 

ha
dddd

 + 

annual 

control 10% 

of lake 108 

ha
eeee

 

$518,400
ffff 

+ 

annual control 

$172,640 

Reduced interference with recreational activities 

and access. Control of weed considered likely, but 

could be increased with repeat applications at 

lower concentration (higher cost), minimal impacts 

on marginal and native submerged vegetation. 

Moderate
gggg

.  

 

                                                      
cccc

 Based on Lake Ohinewai cost estimates. 
dddd

 Lake area 1,079 ha from WONI database. 
eeee

 Based on current practice in hydro lakes. 

 
ffff

 Based on one full treatment. 
gggg

 If actions improve water clarity, aquatic weeds will flourish and require control (depends on weed extent). 

Table 6 (cont.):  Lake Whangapee. 
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Action Costs Benefit Certainty of 

outcome 

 Cost item Quantity Total cost   

13a Total (OPTION 2)   $518,400 + 

$172,640 

operating 

  

13b. Stock grass carp for weed control  $25 per 25 cm fish, 

40 fish per 

vegetated ha, + AEE 

+ costs for 

compliance and  

containment 

Weed bed 

estimate 

80% of lake, 

864 ha 

$864,000 Eradication of weed within 2–5 years, but 

reinvasion will occur when the Waikato River 

floods. Grass carp will impact on marginal 

vegetation values until fish can be removed 

(questionable) or attrition by mortality (15–20 

years). 

Low
hhhh

 

13b Total (OPTION 3)   $864,000   

 

                                                      
hhhh If actions improve water clarity, aquatic weeds will flourish and require control. Re-establishment risk from Waikato River, tributaries and human activity such as boats. 

Table 6 (cont.):  Lake Whangapee. 
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Table 7:  Lake Ohakurii: summary of actions, costs and benefits, with an estimation of the certainty of a successful outcome. 

 

Action Costs Benefit Certainty of 

outcome 

 Cost item Quantity Total cost   

Fencing and planting      

1a. Fencing margins for stock exclusion 

in Whirinaki Arm 

3 string electric 

$5/m 

14.15 km 

lake 

perimeter
iiii

 

$70,750 Measurable reduction in indicator bacteria (some 

residual from waterfowl). 

High. 

1b. 1 m wide planted riparian margin  

in Whirinaki Arm 

Native plantings
jjjj

 

$20,500/ha 

1.4 ha $28,700 Little aesthetic benefit over current condition. High. 

1 Total (OPTION 1)   $88,250 

+$11,200 

operating 

  

2a. Fencing margins for 10 m wide 

functional buffer and stock exclusion 

main lake 

3 string electric 

$5/m 

25 km 

perimeter
kkkk

 

Covered in 

Appendix 9: 

Farms 

Reduction in indicator bacteria (some residual 

from waterfowl) and nutrient loadings. 

Moderate-

High. 

2b. 10 m wide planted riparian margin 

on main lake (5 m planting)  

Planting 

$20,500/ha 

25 ha * 0.5 $256,250 Significant aesthetic benefits as well as function in 

reducing nutrient. 

Moderate-

High. 

2c. Land production lost on main lake 

(5 m covered in Appendix 9: Farms) 

80% $1,473 per ha 

per annum, 20% 

$180/ha/annum
llll

 

25 ha * 0.5 $15,180 per 

annum 

  

2 Total (OPTION 2)   $156,250 + 

$15,280 

operating 

  

                                                      
iiii

 Estimated perimeter of Whirinaki Arm 14,150 m. 
jjjj

 PB2 grade  plants @ 2,500 stems/ ha ($5 planted) + maintenance to year 3 ($8,000/ha). 
kkkk

 Estimated perimeter of Lake Ohakuri excluding Whirinaki Arm 25,117 m. 
llll

 Based on 80% catchment in dairy poor drain $1,473 per ha, 20% in sheep & beef class 3 or forestry $180 per ha, values from Appendix 9: Farms. 
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Table 7 (cont):  Lake Ohakurii. 

 

Action Costs Benefit Certainty 

of outcome 

 Cost item Quantity Total cost   

3a Fencing margins for 50 m + contour 

wide functional buffer and stock 

exclusion of main lake 

3 string electric 

$5/m 

33 km 

catchment 

perimeter 
mmmm

 

$164,900 Significant reduction in indicator bacteria (some 

residual from waterfowl) and nutrient loadings. 

High. 

3b 50 m+ wetland and planted riparian 

margin of main lake (5 m covered in 

Appendix 9: Farms) 

Planting 

$20,500/ha 

144 ha
nnnn

 $2,949,950 

 

Very significant aesthetic benefits as well as 

function in reducing nutrient loadings. Significantly 

improved water quality. Creation of significant bird 

habitat.  

High. 

3c Land production lost on main lake 

(5 m covered in Appendix 9: Farms)  

$180 per ha per 

annum
oooo

 

144 ha $25,900 per 

annum 

Avoid increase in sediment and nutrients at time of 

forestry harvest. 

Moderate. 

3 Total (OPTION 3)   $1,963,650 + 

$1,177,100 

operating 

  

4a. Fencing margins for 50 m+ contour 

wide functional buffer and stock 

exclusion in Whirinaki Arm 

3 string electric 

$5/m 

14 km 

perimeter 

$70,000 Significant reduction in indicator bacteria (some 

residual from waterfowl) and nutrient loadings. 

Reduced grazing pressure on turf plant 

communities. 

Moderate-

High. 

4b. 50 m+ wetland and planted 

riparian margin in Whirinaki Arm 

Planting 

$20,500/ha 

61.1 ha
pppp

 $1,252,550 Significant aesthetic benefits as well as function in 

reducing nutrient loadings. Improved water 

quality. Creation of significant bird habitat. 

Reduced grazing pressure on turf plant 

communities. 

Moderate-

High. 

                                                      
mmmm

 Estimated 50 m perimeter of Lake Ohakurii excluding Whirinaki Arm 45,540 m less fencing of 5 m buffer covered in Appendix 9: Farms 12,560 m. 
nnnn

 Estimated 50 m+ buffer for Lake Ohakurii excluding Whirinaki Arm 1,096.4 ha less WONI database lake area 939.976 ha m less 5 m planted buffer covered in Appendix 9: Farms 12.5 ha. 
oooo

 Based on Appendix 9: Farms value for sheep and beef class 3 land and forestry estimated at similar land value $180 per ha. 
pppp

 Estimated area 50 m+ buffer = 151 ha less lake area for Whirinaki Arm = 89.9 ha. 
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Table 7 (cont):  Lake Ohakurii. 

 

Action Costs Benefit Certainty 

of outcome 

 Cost item Quantity Total cost   

4c. Land production lost in Whirinaki 

Arm 

80% $1,473 per ha 

per annum, 20% 

$180/ha/annum 

61.1 ha $74,200 per 

annum 

  

4 Total (OPTION 3)   $833,750 + 

$563,000 

operating 

  

5a Fencing catchment margins in 

Whirinaki Arm 

Post & batten 

fences $18/m 

86.4 km 

catchment 

perimeter 
qqqq

 

$1,555,200 

 

Significant reduction in indicator bacteria (some 

residual from waterfowl) and nutrient loadings . 

High 

5b Planting of catchment in Whirinaki 

Arm 

Planting 

$20,500/ha 

16,372 ha
rrrr

 $335,626,000 

 

Very significant aesthetic benefits as well as 

function in reducing nutrient loadings. Significantly 

improved water quality. Creation of significant bird 

habitat. Reduced grazing pressure on turf plant 

communities. 

High 

5c Land production lost in Whirinaki 

Arm 

80% $1,473 per ha 

per annum, 20% 

$180 per ha per 

annum 

16,372 ha $19,882,160 

per annum 

  

5 Total (OPTION 3)   $206,205,200 

+ 

$150,858,160 

operating 

  

 

                                                      
qqqq

 GIS Whirinaki Arm catchment perimeter = 86.4 km. 
rrrr

 GIS Whirinaki catchment area 16,461 ha less lake area for Whirinaki Arm = 89 ha. 
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Table 7 (cont):  Lake Ohakurii. 
 

Action Costs Benefit Certainty 

of outcome 

 Cost item Quantity Total cost   

Access      

6. Public access to lake; entrance, car 

park, toilet, picnic area and boat ramp 

Completed  $25k pa 

maintenance 

Already completed. - 

6 Total (OPTION 2)   Nil Already completed.  

Monitoring      

7a. Lake monitoring using LakeSPI $2,100 pa 1 $2,100 Monitor native and exotic submerged vegetation 

as an indicator of lake health. 

High. 

7a Total (OPTION 2)   $2.1k 

operating 

  

7b. Lake monitoring using LakeSPI and 

Trophic Lake Index 

$2,100 pa + $9,235 

pa for four visits 

1 $11,235 Monitor native and exotic submerged vegetation 

as an indicator of lake health plus monitor trophic 

level index as an indicator of lake health. 

High. 

7b Total (OPTION 3)   $11,235 

operating 
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Table 7 (cont):  Lake Ohakurii. 
 

Action Costs Benefit Certainty 

of outcome 

 Cost item Quantity Total cost   

Farm contaminants      

8. Constructed wetlands at lake 

inflows in Whirinaki Arm 

$7.5k/ha 

construction + 

$1,473/ha pa lost 

land production
ssss

 

+ $15/ha 

maintenance 
tttt

 

3%
uuuu

 of 

catchment 

area = 491 

ha 

$3,682,500 + 

$727,660 pa 

land 

production + 

$7,410 pa 

maintenance 

Removal of 80% sediments, 60% nitrogen and 

phosphorus, and ~90% E. coli
vvvv

 

Moderate. 

8 Total (OPTION 2)   $3,682,500 + 

$735,070 

operating 

  

Sediment capping      

9a. Sediment capping Whirinaki Arm 

with alum followed by modified zeolite 

(Aqua-P) 

$650 per tonne 

alum; $2,400 per 

tonne Aqua-P; + 

management + 

consent costs 

135 tonnes 

alum; 270 

tonnes 

Aqua-P 

$1,200,700 + 

costs for 

consents, 

management 

and 

monitoring 

Reduce nutrients in water column and lake bed, 

particularly phosphorus. Aqua P removes 

phosphorus, arsenic, mercury and some ammonia, 

creates a thick cap on lake bed so that sediments 

are unlikely to become re-suspended. 

Moderate.
wwww

  

9a Total (OPTION 3)   $1,200,700   

 

 

                                                      
ssss

 Based on Appendix 9: Farms, value for dairy poor drain value $1,473 per ha. 
tttt

 McKergow et al., (2007). Stocktake of diffuse pollution attenuation tools for New Zealand pastoral farming systems. Constructed wetland maintenance $15 / ha pa. 
uuuu

 3% based on McKergow et al., (2007). Stocktake of diffuse pollution attenuation tools for New Zealand pastoral farming systems. GIS Whirinaki catchment area 16,461 ha = 494 ha. 
vvvv

 McKergow et al., (2007). Stocktake of diffuse pollution attenuation tools for New Zealand pastoral farming systems. 
wwww Catchment nutrient sources and pest fish need to be reduced in conjunction with sediment capping. 
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Table 7 (cont):  Lake Ohakurii. 
 

Action Costs Benefit Certainty 

of outcome 

 Cost item Quantity Total cost   

9b. Sediment capping main lake body 

with alum followed by modified zeolite 

(Aqua-P) 

$650 per tonne 

alum; $2,400 per 

tonne Aqua-P; + 

management + 

consent costs 

1,410 

tonnes 

alum; 2,820 

tonnes 

Aqua-P 

$9,623,050 + 

costs for 

consents, 

management 

and 

monitoring 

Reduce nutrients in water column and lake bed, 

particularly phosphorus. Aqua P removes 

phosphorus, arsenic, mercury and some ammonia, 

creates a thick cap on lake bed so that sediments 

are unlikely to become re-suspended. 

Moderate.
xxxx

  

9b Total (OPTION 3)   $9,623,050   

Weed control      

10. Whirinaki Arm weed control using 

herbicide: endothall for hornwort, 

diquat for egeria (one full treatment + 

follow up one third the area) 

$5,600/ha
yyyy

 for  

endothall + 

applicator costs + 

compliance costs; 

$1,600/ha for 

diquat product and 

application 

Weed bed 

estimate
zzzz

 

25% of lake 

for hornwort 

(62.5 ha) 

and egeria 

(62.5 ha) 

$585,000 + 

$40,000 per 

annum 

 

Reduced interference with recreational activities 

and access. No/minimal impacts on marginal and 

native submerged vegetation. 

High. 

10 Total (OPTION 2)   $585,000 + 

$40,000 

operating 

  

 
 
 
 
 

                                                      
xxxx Catchment nutrient sources and pest fish need to be reduced in conjunction with sediment capping. 
yyyy

 Based on the rates used at Lake Otamatearoa. 
zzzz

 Wells et al., (2000). Mighty River Power aquatic weeds: issues and options. 
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Table 7 (cont):  Lake Ohakurii. 
 

Action Costs Benefit Certainty 

of outcome 

 Cost item Quantity Total cost   

11. Weed control using herbicide: 

endothall for hornwort, diquat for 

egeria (one full treatment + follow up 

half the area) 

$5,600/ha
aaaaa

 for  

endothall + 

applicator costs + 

compliance costs; 

$1,600/ha for 

diquat product and 

application 

Weedbed 

estimate
bbbbb

 

25% of lake 

for hornwort 

(235 ha); 

10% lake for 

egeria (94 

ha) 

$2,199,600 +  

$150,400 per 

annum 

Reduced interference with recreational activities 

and access. No/minimal impacts on marginal and 

native submerged vegetation. 

High. 

11 Total (OPTION 2)   $2,199,600 + 

$150,400 

operating 

  

Dam removal      

12. Remove dam, lake reverts to river 

with flushing flows 

$ lost power 

generation + dam 

decommission 

costs 

1 $ lost power 

generation + 

dam 

decommission 

costs 

Aquatic weeds largely removed. Habitat changes 

from lake to river environment. Changes to 

recreational activities. Disruption of entire 

ecosystem with reduced water clarity for many 

years. 

Low. 

12 Total (OPTION 3)   $ Extensive   

 

                                                      
aaaaa

 Based on the rates used at Lake Otamatearoa. 
bbbbb

 Wells, R., Clayton, J., Schwarz, A., Hawes, I., Davies-Colley, R. (2000). Mighty River Power aquatic weeds: issues and options. 



  49 

Table 8:  Lake Puketirini (Weavers): summary of actions, costs and benefits, with an estimation of the certainty of a successful outcome. 

 

Action Costs Benefit Certainty 

of outcome 

 Cost item Quantity Total cost   

Fencing and Planting      

1a. 10 m wide planted riparian margin 

stabilisation and aesthetics 

Native plantings
ccccc

 

$20,500/ h
a
 

2.8 ha $57,400 Very significant aesthetic benefits. Maintain or 

improve water quality. Creation of significant bird 

habitat. 

High. 

1b. Land production lost $180 per ha per 

annum
ddddd

 

2.8 ha $500 per 

annum 

Very significant aesthetic benefits. Maintain or 

improve water quality. Creation of significant bird 

habitat. 

High. 

1. Total (OPTION 2)   $35,000 + 

$22,900 

operating 

  

2a. Extend plantings on mine tailings 

for stabilisation and aesthetics 

Native plantings 

$20,500/ ha 

70 ha
eeeee

 $1,435,000 Very significant aesthetic benefits. Maintain or 

improve water quality. Creation of significant bird 

habitat. 

High. 

2b. Land production lost $180 per ha per 

annum 

70 ha $12,600 per 

annum 

Very significant aesthetic benefits. Maintain or 

improve water quality. Creation of significant bird 

habitat. 

High. 

2. Total (OPTION 3)   $875,000 + 

$572,600 

operating 

  

 
 

                                                      
ccccc

 PB2 grade  plants @ 2,500 stems/ ha ($5 planted) + maintenance to year 3 ($8,000/ha). 
ddddd

 Based on catchment in sheep & beef class 3 $180 per ha, values from Appendix 9: Farms. 
eeeee

 Estimated catchment area 112 ha less lake area 41.6 ha. 



  50 

Table 8 (cont):  Lake Puketirini (Weavers). 

 

Action Costs Benefit Certainty of 

outcome 

 Cost item Quantity Total cost   

Pest fish      

3a. Pest fish control by intensive 

netting. Cost may be partially 

recovered through commercial 

harvesting (agency driven) of pest fish 

$70,000 initial 

control then 

$30,000 per 

annum
fffff

 

1 $70,000 + 

$30,000 per 

annum 

Flow on effects for reduced internal nutrient 

loading, improved water clarity and habitat for 

submerged plants 

Low-

moderate.
ggggg

  

3b. Selective fish pass for tuna, 

lamprey iinanga and other galaxiids 

(whitebait) / pest fish barrier  

Up to 5 m ramp 

$50,000 + annual 

maintenance 

$10,000
hhhhh

 

1 $50,000 + 

annual 

maintenance 

$10,000 

Allows upstream fish passage. Eel passage to a 

pest fish controlled habitat is likely to afford 

benefits for the tuna fishery. Upstream passage 

for smelt, mullet and trout will be blocked. A fish 

passage to allow native but not exotic fish would 

require further research. 

Moderate. 
iiiii

 

3. Total (OPTION 2)   $50,000 + 

$110,000 

operating 

  

Weed control      

4a. Weed control using herbicide $1,600/ha for 

diquat product and 

application 

2.8 ha
jjjjj

 $4,480 + 

consent costs 

+ annual 

maintenance 

Reduced interference with recreational activities, 

access. No/minimal impacts on marginal and 

native submerged vegetation. 

Moderate.
kkkkk

  

                                                      
fffff

 Based on cost estimated by DOC for Serpentine Lakes (See Lake Serpentine Management Action Plan report). 
ggggg Difficult to capture due to lake depth, unknown risk of flooding allowing  passage of pest fish from Lake Waahi. 
hhhhh

 As estimated by Dr. Jacques Boubée, NIWA. 
iiiii Unknown risk of flooding allowing passage of pest fish from Lake Waahi. 
jjjjj

 Estimated area of Egeria densa and Ceratophyllum demersum weedbeds averaged at 10 m wide around lake perimeter of 2.803 km. 
kkkkk

 Risk of reinvasion from Lake Waahi and from recreation boat traffic likely to be high.  
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Table 8 (cont):  Lake Puketirini (Weavers). 

 

Action Costs Benefit Certainty of 

outcome 

 Cost item Quantity Total cost   

4a. Total (OPTION 2)   $4,480 

operating 

  

4b. Stock grasscarp for weed 

eradication 

$25 per 25 cm fish, 

40 fish per 

vegetated ha + AEE 

and containment 

costs 

2.8 ha $2,800 

 

Eradication of weed within 2–5 years, but impacts 

on marginal vegetation values, including native 

vegetation, will occur until fish can be removed 

(questionable) or attrition by mortality (15–20 

years). 

Moderate.
lllll

  

4b. Total (OPTION 3)   $2,800   

Erosion      

5. Reduce shoreline disturbance by 

boater speed limit or access to 

shoreline; plant 2 m marginal reed beds 

around lake 

$20,300 / ha
mmmmm

 0.56 ha $11,370 Current extent of marginal plants unknown. 

Enhance native vegetation fringe around lake, 

improved aesthetics and habitat for waterfowl 

Moderate.
nnnnn

  

5. Total (OPTION 3)   $11,370   

Access      

6. Public access to lake; picnic area $5k
ooooo

 1 $5k + $25k 

per annum 

maintenance 

for all public 

facilities 

Enhanced public access and recreational facilities. 

Current facilities include access, car park, toilets, 2 

jetties and a slipway. 

High. 

                                                      
lllll Re-establishment risk from Lake Waahi and from recreation boat traffic likely to be high. 
mmmmm

 Estimated costs root trainer 10,000 plants ha ($20,300 planted) + maintenance to year 3 ($13,600/ha) from Wildlands Consultants Ltd. These estimates exclude management costs, 

plant delivery costs, travel and expenses. 
nnnnn

 Little other suspended sediment or nutrient loading sources. 
ooooo

 Based on cost estimates from Waikato District Council for similar projects completed by Council. 
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Table 8 (cont):  Lake Puketirini (Weavers). 

 

Action Costs Benefit Certainty of 

outcome 

 Cost item Quantity Total cost   

6. Total (OPTION 2)   $5,000 + 

$25,000 

operating 

  

Monitoring      

7a. Lake monitoring using LakeSPI $2,100 1 $2,100 Monitor native and exotic submerged vegetation 

as an indicator of lake health. 

High. 

7a. Total (OPTION 2)   $2,100 

operating 

  

7b. Lake monitoring using LakeSPI and 

Trophic Lake Index  

$2,100 pa + $9,235 

pa for four visits 

1 $11,135 Monitor native and exotic submerged vegetation 

as an indicator of lake health plus monitor trophic 

level index as an indicator of lake health. 

High. 

7b. Total (OPTION 3)   $11,235 

operating 
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Table 9: Summary of estimated costs for six example lakes, giving ranges based on three restoration options.  

 

Lake Size Option 1 Option 2 Option 3 

  ha Upper   Lower Upper   Lower Upper Upper   

    

CAPEX OPEX Frequency 

of OPEX ys 

CAPEX CAPEX OPEX Frequency 

of OPEX ys 

CAPEX CAPEX OPEX Frequency 

of OPEX ys 

Ohakurii 940 $88,250 $3,733 3 $4,444,975 $4,444,975 $33,333 3 $8,094,025 $223,695,225 $44,042,400 3 

      $25k 30     $792,352 30     $20,804,766 30 

Serpentine  10 $0 $0 3 $469,045 $485,545 $17,067 3 $2,622,840 $3,170,840 $371,733 3 

      $0 30     $127,709 30     $224,085 30 

Puketirini 42 $0 $0 1 $90,000 $90,000 $70,000 1 $932,800 $944,168 $70,000 1 

      $0 3     $7,467 3     $186,667 3 

      $25k 30     $72,084 30     $91,374 30 

Ohinewai 17 $0 $0 1 $220,750 $220,750 $100,000 1 $1,142,120 $4,746,220 $0 1 

      $0 3     $9,600 3     $836,800 3 

      $0 30     $103,403 30     $140,476 30 

Otamatearoa 5 $15,750 $2.4k 3 $152,677 $152,677 $3,013 3 $189,817 $641,372 $108,000 3 

      $0 30     $27,465 30     $49,317 30 

Whangapee 1,079 $37.5k $0 1 $17,258,111 $17,258,111 $0 1 $70,381,575 $415,939,260 $0 1 

      $8k 3     $3,100,000 3     $77,977,520 3 

      $0 Yr 4 on     $793,100 Yr 4 on     $793,100 Yr 4 on 

      $0 Yr 11 on   $518,400 $172,640 Yr 11 on   $952,000   Yr 11 

      $0 30     $480,877 30     $12,390,378 30 
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Table 10:  Estimated costs for restoration of selected shallow Waikato lakes, by lake type. 

Lake type Number  Lake Lake size  Option 2  Option 3  

 (of lakes)  (ha) CAPEX OPEX Frequency 

of OPEX ys 

CAPEX OPEX Frequency 

of OPEX ys 

Hydro 1 Ohakurii 940 $4,444,975 $33,333 3 $13,483,025 $33,333 3 

          $752,099 30   $761,234 30 

Peat 4 Serpentine 100 $485,545 $17,067 3 $2,943,340 $371,733 3 

          $127,709 30   $201,335 30 

    3 generic peat lakes 600 $1,214,588 $210,000 1 $6,412,988 $0 1 

          $102,400 3   $102,400 3 

          $426,610 30   $785,263 30 

Dune 2 Otamatearoa 5 $157,055 $3,013 3 $194,195 $13,947 3 

          $27,465 30   $37,924 30 

    1 other dune lake 5 $157,055 $3,013 3 $194,195 $13,947 3 

          $27,465 30   $37,924 30 

Large riverine 2 Whangapee 1,079 $2,142,436 $215,600 3 $32,654,170 $4,789,600 3 

         $46,270 Yr 4 on   $46,270 Yr 4 on 

          $518,400 Yr 11 $952,000 $0 Yr 11 

          $290,765 30  $1,932,051 30 

    Waahi 445 $432,890 $38,000 3 $7,146,844 $4,624,000 3 

          $2,800 Yr 4 on  $2,800 Yr 4 on 

          $177,829 Yr 11 $443,658 $0 Yr 11 

          $254,624 30   $523,610 30 

    Total CAPEX    $9,034,544     $64,424,416     
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6.1 Cost abatement  

Abatement costs for restoring six shallow lakes have been calculated. Costs are based 

on total capital and operational costs over 30 years discounted at 8 percent. 

Operational costs for planting have been estimated over 3 years. The difficulty in 

identifying specific environmental outcomes for each lake resulted in using $ per 

hectare restored comparisons. Abatement costs have been calculated for both 

restoration options 2 and 3. 

Table 10:  Total and per ha costs for restoring shallow lakes under restoration option 2.  

Lake name 

 

Lake size 

(ha) 

Net Present Value 

(NPV) $ 

$ per ha 

Lake Ohakurii  940             13,121,748        13,960  

Lake Puketirini 42                   978,897       23,531  

Lake Whangapee 1,079              37,274,443         34,558  

Lake Ohinewai 17                1,485,817         87,043  

Lake Otamatearoa 5                   458,328         94,113  

Serpentine Lakes 10                1,931,276       186,597  

For option 2, the most cost-effective per hectare combined restoration actions are 

Lake Ohakurii and Puketirini. The most expensive per hectare action to restore are 

the Serpentine Lakes - by a factor of nearly 14 times when compared to the cheapest 

action. This is caused by the relative high restoration costs for any particular lake and 

the small size of the Serpentine Lakes. Lake Whangapee and Ohakurii are relatively 

cost-effective to restore, because of the large size of these lakes averaging around 

1,000 ha each, whereas all other lakes are relatively small, averaging between 5 to 42 

ha.  

In terms of total costs, the most cost-effective actions are to restore Lake 

Otamatearoa, and Puketirini. By far the most expensive restoration is Lake 

Whangapee. This cost comparison can be used if the per hectare comparison is 

thought to be limiting in terms of environmental improvements achieved as result of 

restoration. 
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Figure 1:  Total and per ha costs for restoring shallow lakes under restoration option 2. 

The table below shows the total capital and operational costs for restoring all six 

shallow lakes for the EBMP scenario.  

Table 11:  Total and per ha costs for restoring shallow lakes under restoration option .3  

Lake name 

  

Lake size 

(ha) 

Net Present 

Value (NPV) 

($thousands) 

 $ per ha 

Lake Puketirini 41.60      2,438   58,612  

Lake Otamatearoa 4.87 1,427   293,097  

Lake Ohinewai 17.07 8,133  476,427  

Lake Whangapee 1,078.62 597,299  553,762  

Lake Ohakurii  939.98 554,842  590,270  

Serpentine Lakes 10.35 6,417  619,967  

 

For option 3, the most cost-effective per hectare combined restoration action is Lake 

Puketirini followed by Lake Otamatearoa. The latter is more expensive to restore per 

hectare by a factor of 5 due to the smaller size of this lake. The most expensive per 

hectare action to restore are the Serpentine Lakes and Lake Ohakurii, followed by 

Lake Whangapee and Ohinewai. Most lakes have similar per hectare abatement costs 

apart from Lake Puketirini and Otamatearoa, which are the most cost effective to 

restore on per hectare basis. 

In terms of total costs, the most cost-effective actions are to restore Lake 

Otamatearoa and Puketirini. By far the most expensive restoration actions are Lake 

Ohakurii and Whangapee by a factor of between 68 to 73 than the next most cost 

effective option (Lake Ohinewai). 
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Figure 2:  Total and per ha costs for restoring shallow lakes under restoration option 3.  

It is difficult to compare both options 2 and 3 in terms of costs, as there is a very 

large difference in total restoration costs and related actions. However, to implement 

option 3, costs are larger for all lakes – by a factor of between 3 to 14 times more 

expensive on a per hectare basis.  

An important point is that lake restoration activities will interact with and be affected 

by other restoration actions. For example is riparian fencing and protection is not 

undertaken in the upper catchment nutrient rich water will continue to flow into the 

lakes downstream hampering any attempts to control nutrients within the lakes. 

Therefore the cost of undertaking those other restoration activities needs to be 

considered in conjunction with the costs identified here for lake restoration.  
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Appendix 13: Water Quality 

1.  Introduction 

What are the issues requiring action? 

This Appendix evaluates the Waikato River’s water quality, specifically the nutrients 

nitrogen (N) and phosphorus (P), phytoplankton (measured as chlorophyll a), clarity 

and colour under existing and possible future management options. Water clarity 

and colour are degraded compared with upstream values and targets in the Lower 

Waikato, Waipa River and tributaries that drain farmland. Base flow water clarity 

affects: the safety and enjoyment of people using the river for recreation; the ability 

of animals to see and capture their prey (Rowe et al., 2002); the amount of light 

reaching aquatic plants growing under the water; and, together with colour, the 

appearance and aesthetic appeal of the river. Sensitive native fish avoid tributaries 

with high suspended solids concentrations (Boubée et al., 1997). The change in water 

colour (from blue in Lake Taupoo to yellow-brown at Te Puuaha near the mouth) 

makes the lower Waikato River less attractive to people using the river.  

The concentrations of nutrients are high in the hydro dams, lower Waikato and 

shallow lakes compared with upstream values and targets. High nutrient 

concentrations increase the growth rate of phytoplankton (microscopic plants 

suspended in the water column), which contributes to low clarity and colour change. 

High concentrations of cyanobacteria (also called ‘blue-green algae’, a type of 

phytoplankton) in the hydro lakes, lower Waikato and shallow lakes pose a significant 

public health risk because they may release toxins. 

What are the causes of the problems?  

Water clarity decreases, and colour changes, because of increases in the 

concentration of one or more of the following constituents: fine suspended 

sediment, dissolved organic compounds (yellow substance) and phytoplankton 

pigments (chlorophyll). Chlorophyll concentrations increase between Taupoo and Te 

Puuaha because of the increase in nutrient concentrations (nitrogen and 

phosphorus), and because the long residence time in the hydro lakes allows time for 

phytoplankton to grow to high concentrations.  

All four constituents (turbidity, yellow substance, nutrients, chlorophyll) need to be 

considered together, although their relative importance varies within the catchment 

- turbidity dominates colour and clarity in the Waipa River, nutrients and chlorophyll 

dominate in the hydro lakes, and the combination of all four are important in the 

Lower Waikato.  

Clarity and colour would have changed naturally between Taupoo and Te Puuaha 

prior to development in the catchment because of natural erosion and inflows from 
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peat areas. However, pastoral farming, towns and waste discharges have caused 

significant increases to the inputs of fine sediment, nutrient and yellow substance 

which have degraded clarity and colour. For example, where peat soils predominate 

(notably in the lower Waikato basin), lake and tributary waters were historically 

stained by yellow substance, but in their undisturbed state they were clear. Farming 

of peat land has increased the input of fine sediment and its combination with yellow 

substance now degrades the appearance of these waters.  

High concentrations of phytoplankton chlorophyll (notably in the lakes) reduce clarity 

and make the water green. Most of the time, phytoplankton affects aesthetics in a 

relatively minor way. However, some species of cyanobacteria can release toxins. 

‘Blooms’ of such species occur only very occasionally, but when they do occur they 

threaten the safety of water supplies taken from the river and pose a health risk to 

river users.  

What this Section covers 

This section describes:  

1. Modelling the effects that waste discharges and runoff from farmland, forest 

and towns have on clarity, colour, nutrients and chlorophyll. 

2. Predicting the effects of several scenarios of proposed actions (e.g., farming 

practice, land use change, improved waste treatment). 

3. Comparing predictions with targets for health and wellbeing. 

4. Hence, determining the actions required to restore the health and wellbeing 

of the Waikato. 

The issue of phytoplankton ‘blooms’; is considered in this Section rather than the 

appendices dealing with public health (see Appendix 10: Pathogens; Appendix 20: 

Cyanotoxin treatment; Appendix 21: Toxic contaminants), because it is strongly 

linked to nutrients and clarity. 

A computer model, the Waikato Catchment Model (WCM) (Rutherford et al., 2001), 

is used to quantify the cumulative effects of the numerous point sources (waste 

discharges) and non-point sources (runoff from farmland, forest and urban areas) in 

the Waikato and Waipa catchments. A description of the WCM model and its 

application to this study is given at the end of this appendix in Section 5.3. 

While water clarity is lowest during wet weather - when sediment is washed into 

rivers, re-suspended from the river bed, and/or released by bank erosion - the 

greatest use is made of the river for recreation during base flows. Moreover, 

phytoplankton ‘blooms’ tend only to occur during summer low flows. Thus, in this 

section we focus on modelling clarity, colour and chlorophyll at ‘base’ flow, but 

‘mean’ flow is also modelled since this may be affected by events such as floods and 

droughts. 
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Section 4 of the main report describes the targets used in this project which, if 

attained, will restore the health and wellbeing of the Waikato. Those relevant to 

clarity, nutrients, colour and chlorophyll are shown in Table 1.  

Table 1:  Targets for nutrients, chlorophyll, clarity and colour. Refer to Section 4 for details of 

how these targets are derived. Along the Waikato, distance is measured downstream 

from Lake Taupoo. 190 km is Karaapiro; 240 km is where the Waipa joins the 

Waikato.  

Waikato River 

   Upper 

(0–190 km) 

Middle 

(190–240 

km) 

Lower 

(> 240 km) 

Waipa River 

Phosphorus TP mg/m
3
 20 35 35 35 

Nitrogen TN mg/m
3
 300 500 500 500 

Chlorophyll – trigger CHL mg/m
3
 5 5 5 5 

Chlorophyll – warning  CHL mg/m
3
 10 10 10 10 

Chlorophyll – filters CHL mg/m
3
  20 20 20 

Clarity BD m 4 1.6 1.6 1.6 

Colour Munsell  

10 Munsell units below the values that are 

predicted to have existed in the river in the 

1920s prior to the hydro dams being built 

 

 

Section 6 of the main report describes possible combinations of actions (i.e., 

scenarios) to restore the health and wellbeing of the Waikato River. The Current 

State is the present situation both in terms of farming practice and land use.  

• Scenario 1 (Current Best Practice) involves the uniform adoption of standard 

farming practices that should be being utilised at present to meet existing 

rules in the regional plan, and industry codes of practice (e.g., Dairying and 

Clean Streams Accord practices).  

• Scenario 2 involves all of the actions of Scenario 1 plus an “optimised” 

combination of proven, but more costly practices than Scenario 1, with the 

aim of achieving significant rehabilitation to acceptable levels of many of the 

desired values identified in the consultation processes.  

• Scenario 3 is the same as Scenario 2 with the addition of riparian buffers on 

sheep-beef farms, and 60% of sheep-beef farming on steep hill country and 

25% of sheep-beef farming on easy hill country being converted to forestry. 

The changes in land use are aimed at achieving a higher level of restoration. 

Tables 2 and 3 give the percentage reductions from the Current State in total 

nitrogen (TN), total phosphorus (TP), suspended sediment (SS), fine suspended 

sediment (FSS) and dissolved colour (G440) for Scenarios 1, 2 and 3 respectively for 

the various land uses. These reductions are calculated from the yields in Table 7 
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Appendix 9: Farms, estimated by Dr. Ross Monaghan (AgResearch, Invermay). Note 

that the Monaghan table reports the expected reductions in suspended sediment 

(SS) yield but similar reductions are expected for fine suspended sediment (FSS) (Dr. 

Ross Monaghan, AgResearch, Invermay, pers. comm.). The SS reductions have also 

been assumed to apply to G440. 

Table 2:  Scenario 1 - Percentage reductions from the Current State in the yields of nitrogen, 

phosphorus, suspended sediment, fine suspended sediment and dissolved colour. 

 Nitrogen 

(TN) 

Phosphorus 

(TP) 

Suspended 

sediment 

(SS) 

Fine 

suspended 

sediment 

(FSS) 

Dissolved 

colour 

(G440) 

Dairy on well-drained soils 16 75 15 15 15 

Dairy on poorly-drained 

soils 
17 61 15 15 15 

Dairy on peat soils 26 35 7 7 7 

Sheep-beef on steep hill 

country 
4 6 18 18 18 

Sheep-beef on easy hill 

country 
4 6 18 18 18 

Sheep-beef on easy rolling 

country 
4 6 18 18 18 

Horticulture & cropping 68 79 50 50 50 

Forestry (Planted forest) 10 15 20 20 20 

Native forest and scrub 0 0 0 0 0 

Urban 0 0 0 0 0 

 

Table 3:  Scenarios 2 and 3 - Percentage reductions from the Current State in the yields of 

nitrogen, phosphorus, suspended sediment, fine suspended sediment and dissolved 

colour.  

 Nitrogen 

(TN) 

Phosphorus 

(TP) 

Suspended 

sediment 

(SS) 

Fine 

suspended 

sediment 

(FSS) 

Dissolved 

colour 

(G440) 

Dairy on well-drained soils 62 89 42 42 42 

Dairy on poorly-drained 

soils 
44 74 43 43 43 

Dairy on peat soils 64 63 73 73 73 

Sheep-beef on steep hill 

country 
6 9 34 34 34 

Sheep-beef on easy hill 

country 
6 9 34 34 34 

Sheep-beef on easy rolling 

country 
6 9 34 34 34 

Horticulture and cropping 68 79 50 50 50 

Forestry (Planted forest) 10 15 20 20 20 

Native forest and scrub 0 0 0 0 0 

Urban 0 0 0 0 0 
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Inputs from the 29 point source discharges into the Waipa and Waikato are given in 

the Tables 5 and 6 below. Currently, point source discharges contribute 

approximately 5% of the combined annual yield of total nitrogen load to the river 

from point sources plus diffuse sources from production land (farms, forests and 

horticulture) and 11% of the total phosphorus load. These percentages are higher at 

baseflow – 18% for total nitrogen and 22% for total phosphorus. Sewage accounts for 

30% of the point source N load and 50% of the point source P load, with the balance 

from industrial inputs.  

River iwi have expressed a desire for sewage discharges to be discharged to 

land/wetlands to meet cultural requirements and this has potential co-benefits for 

nutrient reduction. Scenario 2 includes land/wetland treatment of priority discharges 

from Hamilton City (largest discharge to river) and Te Kauwhata (discharged to a 

riverine lake) and Scenario 3 includes all sewage being discharged to land/wetlands. 

These actions have co-benefits for nutrient management. For the purposes of this 

scoping study we assumed that discharge to land/wetlands will reduce the N and P 

loads from sewage point sources by 70%. 

The following describes results of the WCM modelling of the cumulative effect of the 

actions in each of the three scenarios that will reduce the inputs of nutrient, 

sediment and dissolved colour. The model predicts the benefits in terms of increased 

clarity, improved colour and reduced nutrient and phytoplankton chlorophyll 

concentrations – all of which are important water quality parameters that strongly 

influence the health and wellbeing of the Waikato River. For the Current State the 

WCM is ‘calibrated’ to match the measured data for both ‘mean’ and ‘base’ flow. 

Results are presented first for the Waipa River, since it is the largest tributary of the 

Waikato and its outputs become inputs for the mainstem Waikato model.  

2.  Waipa River 
 

2.1  Current State of Waipa River water quality 

Figures 1 and 2 show the current state of water quality in the Waipa River, assessed 

from measurements and WCM predictions at ‘base’ and ‘mean’ flow respectively.  

Water clarity (BD) 

Degraded water clarity is one of the most important issues for the Waipa identified 

by Maniapoto, science and community consultation.  

At the top site (Mangaokewa Road 8 km), where the catchment is mostly native or 

exotic forest, the measured clarity averages 1.6 m at base flow and 1.7 m at mean 

flow. Clarity declines with distance downstream from Otewa. There is a large step 

decrease in clarity at Otorohanga (60 km) (Figures 1 and 2) which is caused by dirty 

water from the Mangapu (0.9 ± 0.4 m at base flow) and Waitomo (1.0 ± 0.5 m at base 

flow) joining the Waipa River. At Whatawhata (127 km) clarity is degraded at base 
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flow (0.7 ± 0.3 m, average ± standard deviation) and severely degraded at mean flow 

(0.4 ± 0.2 m). In the lower Waipa, the main contributors to low clarity are farm roads 

and animal tracks, exposed soils, stream banks and the streambed.  

Clarity values predicted by the WCM at base flow are close to the measured values in 

the upper part of the catchment but slightly under predict measured values in the 

lower catchment (Figure 1). At mean flow, the model predicts the measured clarity 

values well at all sites except at the top site (Mangaokewa Road 8 km) (Figure 2).  

Clarity is significantly better at base flow (Figure 1) than at mean flow (Figure 2) – 

possible reasons are bank and bed erosion, release of material from the Tunawaea 

slip (see below), and runoff from pasture. Figure 1 shows that at base flow the 

measured black disc water clarity (BD) meets the 1.6 m clarity target at the top two 

monitoring sites (Mangaokewa Road 8 km, Otewa 43 km) but not at the remaining 

three monitoring sites (Otorohanga 60 km, Pirongia-Ngutunui Bridge 95 km, 

Whatawhata 127 km). Figure 2 shows that at mean flow the measured BD only meets 

the target at the top site (Mangaokewa Road 8 km). 

Sedimentary rocks in parts of the catchment (notably near Te Kuuiti, Waitomo and in 

the Rangitoto Ranges) are associated with low clarity even when covered by 

undisturbed native forest. Because water clarity is naturally low in such lithology, it 

will be difficult to achieve very high water clarity throughout the Waipa catchment 

and may be unrealistic when the cost/benefits are considered. The highest clarity in 

any Waipa tributary occurs in the Mangauika Stream, which is 95% native forest on 

the slopes of Pirongia, where base flow clarity averages 3.5 m. Elsewhere in the 

Waikato catchment, clarity in native and exotic forest streams ranges from 1.0–4.5 

m. We would expect forested streams in the Waipa catchment to have a base flow 

clarity of 1.7–3.5 m based on monitoring results in similar lithology.  

A major contributor to low water clarity in the steep, upper reaches of the Waipa 

River is fine sediment from slips (landslides). In 1991 the Tunawaea slip deposited a 

large volume of sediment into the Tunawaea Stream. Environment Waikato and 

other stakeholders have stabilised the slip area but material that slipped into the 

river is likely to still be releasing fine sediment especially at mean flow and above. 

Over time, the effects of the Tunawaea slip are expected to decline, but this may 

take decades.  

Colour (G440 and Munsell) 

Measured dissolved colour (G440) does not vary significantly with flow or distance 

(Figures 1 and 2). The WCM predictions are close to the measurements. Note that 

there is no guideline value for dissolved colour. G440 makes a relatively small 

contribution to clarity in the Waipa River.  

Munsell colour is not measured in the Waipa River and there are no data points to 

compare with WCM predictions. Munsell colour is a function of CHL, G440 and FSS. 
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There is a large step decrease in Munsell colour at 60 km where the Mangapu Stream 

joins the Waipa River (Figures 1 and 2). FSS and G440 are larger at mean flow than at 

base flow, resulting in Munsell colour being lower at mean flow. The WCM predicts 

that Munsell colour decreases (viz., colour becomes less blue and more brown) with 

distance from the headwaters. 

Chlorophyll (CHL) 

Phytoplankton chlorophyll (CHL) concentration is not routinely measured in the 

Waipa River although there are few measurements at the top site (Mangaokewa 

Road 8 km) – mean at base flow 6.3 mg/m
3
 (Figure 1). Phytoplankton numbers are 

low in the Waipa because the waters are turbid, their growth rates are low and water 

does not remain in the Waipa long enough for numbers to build up. The WCM has 

assumed that there is no growth of CHL in the Waipa and assigned it a constant 

concentration of 5 mg/m
3
 at both base and mean flow. 

Nutrients (TP and TN) 

The principal sources of phosphorus in the Waipa River are farm runoff, soil erosion 

and treated sewage. The principal source of nitrogen is leaching of nitrate from 

farmland.  

Figure 1 shows that at base flow the measured total phosphorus (TP) and total 

nitrogen (TN) meet the targets (35 mg/m
3
  for TP, 500 mg/m

3 
 for TN) in the upper 

part of the Waipa River (Mangaokewa Road 8 km, Otewa 43 km, Otorohanga 60 km). 

At the lower two sites (Pirongia-Ngutunui Bridge 95 km, Whatawhata 127 km), the 

guideline concentrations are exceeded. TP and TN concentrations increase 

significantly with flow – at mean flow the measured data only meet the guideline at 

the top site (8 km) for TP (Figure 2) and at the top two sites (8 km and 43 km) for TN. 

The measured data at mean flow exceed the targets for the sites downstream (Figure 

2) being over twice the guideline values in the lower part of the river. 

At base flow the WCM predicts measured nutrient values well except at 

Mangaokewa Road in the headwaters (Figure 1). At mean flow the WCM predicts the 

measured values well at all sites (Figure 2). 
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Figure 1:  Current State (current farming practice and land use) of water quality at base flow in the Waipa River – Variation with distance 

downstream of phosphorus (TP), nitrogen (TN), dissolved colour (G440), water clarity (BD), chlorophyll (CHL) and colour (Munsell). Black 

circles are observed data (mean ± 95% confidence interval) (Source: NIWA and EW monitoring). The dashed lines are targets (Table 1). The 

solid lines are predicted by the WCM model. 
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Figure 2: Current State (current farming practice and land use) of water quality at mean flow in the Waipa River – Variation with distance 

downstream of phosphorus (TP), nitrogen (TN), dissolved colour (G440), water clarity (BD), chlorophyll (CHL) and colour (Munsell). Black 

circles are observed data (mean ± 95% confidence interval) (Source: NIWA and EW monitoring). The dashed lines are targets (Table 1). The 

solid lines are predicted by the WCM model.  
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2.2  Priority actions to restore the Waipa River 

Major issues for water quality in the Waipa River are high suspended sediment and 

nutrient concentrations and low water clarity. Actions likely to improve water quality 

in the Waipa River are: 

1. Reducing point source discharges. 

2. Changing farming practice to reduce the loss of fine sediment and nutrients 

to streams. 

3. Retiring and reforesting pasture to reduce erosion. 

4. Revegetating stream banks to reduce bank erosion.  

2.2.1  Reducing point source discharges  

One action suggested by the community is the further treatment (possibly including 

land disposal) of municipal sewage and industrial discharges. Point source waste 

discharges contribute to low clarity and high nutrient concentrations in some Waipa 

tributaries (notably in the Mangaokewa Stream at Te Kuuiti and the Mangapiko 

Stream at Te Awamutu). Figure 3 shows, however, that point source discharges have 

only a minor impact on TN, G440, BD, CHL and Munsell colour in the mainstem of the 

Waipa River at base flow.  

The point sources do, collectively, make a significant contribution to TP 

concentrations in the lower reaches of the Waipa. The same is true at mean flow 

(details omitted for brevity). Therefore phosphorus removal from waste discharges 

would reduce TP concentrations in the Waipa River. This is unlikely to benefit water 

clarity or chlorophyll concentrations in the Waipa River because phytoplankton 

appear not to grow to high concentrations in the swift and turbid waters of the 

Waipa.  Reducing nutrient inputs is also unlikely to affect the abundance of aquatic 

weeds which is more strongly influenced by current, habitat and shading than by 

nutrient concentration in the Waipa River. A reduction of nutrient input will, 

however, has some benefits in the lower Waikato below its confluence with the 

Waipa River – as is discussed in the next section. 
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Figure 3:  Predicted effects of point source discharges on the Waipa River water quality at base flow – Predicted phosphorus (TP), nitrogen (TN), 

dissolved colour (G440), water clarity (BD), chlorophyll (CHL) and colour (Munsell) with (black line) and without (red line) the point source 

discharges. Black circles are observed data (mean ± 95% confidence interval) (Source: NIWA and EW monitoring). 
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Figure 4:   Predicted variation in Waipa River water quality with distance downstream at base flow: phosphorus (TP), nitrogen (TN), dissolved 

   colour (G440), water clarity (BD), chlorophyll (CHL) and colour (Munsell) for the Current State (black line), Scenario 1 (blue line),  

   Scenario 2 (red line) and Scenario 3 (green line). The dashed lines are targets (Table 1).  
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Figure 5:   Predicted variation in the Waipa River water quality at mean flow with distance downstream: phosphorus (TP), nitrogen (TN),  

   dissolved colour (G440), water clarity (BD), chlorophyll (CHL) and colour (Munsell) for the Current State (black line), Scenario 1 (blue 

   line), Scenario 2 (red line) and Scenario 3 (green line). The dashed lines are targets (Table 1).  
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2.2.2  Changing farming practice and land use 

Figures 4 and 5 compare WCM predictions for the Current State with the changes in 

farming practice and land use described earlier for Scenarios 1 – 3.  

 

Water clarity (BD) 

Because BD water clarity is a function of CHL, G440 and FSS (Section 5.3) and there 

are reductions in FSS and G440 from the Current State for Scenarios 1, 2 and 3 for all 

land uses (except native forest, scrub, and urban – see Table 2), there are 

improvements in water clarity along the entire length of the Waipa River at both 

base flow (Figure 4) and mean flow (Figure 5). Note that it is assumed there is no 

growth of CHL in the Waipa and that its concentration is 5 mg/m
3
 at both base and 

mean flow. 

For Scenario 1 the 1.6 m clarity guideline is met everywhere upstream from where 

the Mangapu Stream joins the Waipa (57 km) at base flow. However, at mean flow 

the clarity guideline is only attained in the headwaters (Figure 5). Downstream from 

Mangapu, BD remains below the 1.6 m guideline at both base and mean flow 

(Figures 4 and 5). 

For Scenario 2 there is more of an improvement in BD because of further reductions 

in FSS and G440 input for farmland (Tables 2 and 3). At both base flow and mean 

flow BD clarity is complies with the 1.6 m guideline upstream from the Mangapu (57 

km) (Figures 4 and 5). However, downstream from the Mangapu, BD clarity remains 

below the 1.6 m guideline at base and mean flow (Figures 4 and 5). 

Scenario 3 includes all the changes in farming practice in Scenario 2 plus the 

retirement and reforestation of 60% of sheep-beef farming on steep hill country and 

25% of sheep-beef farming on easy hill country. Figures 4 and 5 show that the actions 

of Scenario 3 result in further improvement in BD clarity. However, downstream from 

the Mangapu BD clarity remains below the 1.6 m guideline at both base and mean 

flow. 

Colour (G440 and Munsell) 

As with the Current State, dissolved colour (G440) does not vary significantly with 

flow across Scenarios 1–3 (Figures 4 and 5). The actions of Scenarios 1 and 3 produce 

similar, small reductions from the Current State at both base (Figure 4) and mean 

flow (Figure 5). Scenario 2 results in a larger reduction in G440 at both flows. 

There is a small improvement in Munsell colour as a result of the actions of Scenario 

1 (Figures 4 and 5). The actions of Scenario 2 result in a significant improvement in 

Munsell colour at both base and mean flow. Scenario 3 produces approximately the 

same reductions as Scenario 2 (Figures 4 and 5).   
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Nutrients (TP and TN) 

At base flow Scenario 1 results in significant decreases in TP concentrations such that 

compliance with the 35 mg/m
3
 guideline is achieved along the entire length of the 

Waipa River (Figure 4). At mean flow Scenario 1 reduces TP concentrations, but the 

guideline is not achieved downstream from Otorohanga (60 km) (Figure 5). Scenario 

1 also results in reduced TN concentrations, but they are not as large as for TP. 

However, at base flow TN achieves the guideline (500 mg/m
3
) upstream from 

Pirongia-Ngutunui Bridge (95 km), and is only just above it downstream from 

Pirongia-Ngutunui Bridge (Figure 4). At mean flow TN remains non-compliant with 

the guideline downstream from Otewa (43 km). 

At base and mean flow Scenarios 2 and 3 both result in further slight reductions in TP 

concentrations (Figure 4). The differences between Scenarios 1 and 2 and between 

Scenarios 2 and 3 are small compared to the differences between Current State and 

Scenario 1 (Figure 5). At mean flow Scenario 3 achieves compliance with the TP 

guideline (35 mg/m
3
) everywhere except at Otorohanga (60 km) where the TP 

concentration spikes to 50 mg/m
3
 (Figure 5). 

The decrease in TN concentrations between Scenarios 1 and 2 is larger than that 

between Current State and Scenario 1 at both base and mean flows (Figures 4 and 5). 

At base flow Scenario 2 achieves compliance with the TN guideline (500 mg/m
3
) 

along the entire length of the Waipa River (Figure 4). At mean flow Scenario 2 

achieves compliance upstream from Otorohanga (60 km) and TN concentrations are 

much closer to the 500 mg/m
3
 guideline downstream from Otorohanga. The actions 

of Scenario 3 result in a further small reduction in TN at both flows – compliance 

remains as for Scenario 2. 

3.  Waikato River 

3.1  Current State of Waikato River water quality 

The current state of water quality along the mainstem of the Waikato River, assessed 

from measurements and WCM predictions at ‘base’ and ‘mean’ flow, are shown in 

Figures 6 and 7 respectively.  

Water clarity (BD) 

Observed clarity is similar at base flow (Figure 6) and mean flow (Figure 7) – unlike 

the Waipa where clarity is significantly lower at mean flow than at base flow. 

Measured water clarity is high in water leaving Lake Taupoo, but decreases with 

distance downstream (Figures 6 and 7). Observed clarity currently exceeds the 4 m 

guideline upstream from the hydro lakes but not in the hydro lakes themselves (50 – 

190 km). Downstream from the hydro lakes observed clarity is just below the 1.6 m 

guideline, and downstream from the Waipa confluence (240 km) is below 1 m.  
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Rutherford et al., (2001) showed that water clarity in the hydro lakes and lower 

Waikato River is strongly influenced not only by fine suspended sediment (as in the 

Waipa River) but also by dissolved colour (yellow substance) and phytoplankton 

chlorophyll. The hydro lakes slow the Waikato River and allow sediment to settle out, 

thereby increasing water clarity. However, this is counteracted by a decrease in 

water clarity and a change in colour caused by phytoplankton spending enough time 

in the hydro lakes to grow and increase the phytoplankton chlorophyll concentration. 

The Kinleith mill (117 km) discharges dissolved colour into Lake Maraetai and, even 

though colour inputs have been reduced by c. 50% since the early 1990s, this point 

source has a detectable effect on dissolved colour (G440), Munsell colour and clarity.  

The BD values predicted by the WCM are close to the observed values along the 

entire length of the Waikato River at both base and mean flow (Figures 6 and 7). 

Colour (G440 and Munsell) 

Unlike the Waipa River, the observed dissolved colour (G440) increases with distance 

downstream at both base and mean flow (Figures 6 and 7). There is a step increase 

around the Kinleith mill discharge site (117 km) and another step increase at the 

Waipa confluence (240 km). WCM overestimates the increase in G440 at Kinleith and 

in the Lower Waikato (Figures 6 and 7) but this has only a minor impact on predicted 

clarity and Munsell colour. 

Similar to water clarity, measured Munsell colour decreases with distance 

downstream, with the highest values occurring in the headwaters (Figures 6 and 7). 

Colour changes significantly between Taupoo (Munsell 55 – blue), the lower hydro 

lakes (Munsell 40 – green-brown) and Te Puuaha (Munsell 35 – yellow-brown). There 

is little change in observed colour between mean and base flow. The guideline for 

colour is a change of no more than 10 Munsell (MfE, 1994)1. In this Study, the colour 

guideline is set to 10 Munsell units below the values that are predicted to have 

existed in the river in the 1920s prior to the hydro dams being built – these 1920 

values are reported in Rutherford et al., (2001). The observed colour easily complies 

with this guideline throughout the length of the river at both base and mean flow 

(Figures 6 and 7). The predicted values are close to the observed. 

Chlorophyll (CHL) 

The measured phytoplankton chlorophyll concentration does not change much in the 

first 50 km downstream from the river’s source at Taupoo but then increases 

significantly in the hydro lakes (50–190 km) at base flow (Figure 6) and mean flow 

(Figure 7). Near Taupoo the observed chlorophyll concentration complies with both 

the trigger (5 mg/m3) and warning (10 mg/m3) guideline for cyanobacteria blooms at 

both flows. In the hydro lakes the warning guideline is met at both flows, but not the 

trigger guideline. At base flow measured CHL lies between the warning guideline of 

                                                 
1
 Water Quality Guidelines No. 2. Guidelines for the management of water colour and clarity. June 1994. 

Ministry for the Environment. www.mfe.govt.nz/publications/water/water-quality-guidelines-2.pdf 
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10 mg/m3 and the filters guideline of 20 mg/m3 downstream from the hydro lakes 

(Figure 6) until Rangiriri (265 km), after which the filters guideline is exceeded. At 

mean flow measured CHL lies between the warning and filters guidelines all the way 

to Te Puuaha (Figure 7). Measured CHL is higher at base flow than mean flow, 

because at base flow phytoplankton spend longer in the hydro lakes and lower 

Waikato and grow to higher concentrations. 

The CHL values predicted by the WCM are close to the observed values at both base 

and mean flow (Figures 6 and 7). Predicted chlorophyll concentrations decrease near 

each of the hydro dams – this is particularly noticeable at base flow – because of 

settling in the tranquil and deep water. Predicted chlorophyll concentrations increase 

in the lower Waikato River where nutrient concentrations are high – especially at 

base flow when the residence time is high.  

Nutrients (TP and TN) 

Figures 6 and 7 show that observed TP concentrations comply with the guideline of 

20 mg/m
3
 in the upper Waikato but exceed it in the hydro lakes (50–190 km) - more 

so at base than at mean flow. Measured TP continues to increase downstream from 

the hydro lakes at both flows with a large increase just downstream from Hamilton 

(219 km) where there are three significant point source discharges - Hamilton City, Te 

Raapa dairy factory and Horotiu meatworks. There is an increase in the observed TP 

below the confluence of the Waikato and the Waipa (240 km). This is because the TP 

concentration in the lower Waipa (70 ± 20 mg/m
3
 at base flow, Figure 1) is higher 

than that in the Waikato River at the Waipa confluence (50 ± 11 mg/m
3
, Figure 6). 

Observed TP exceeds the 35 mg/m
3
 guideline for the reaches below the hydro lakes 

(> 190 km) at both base flow and mean flow (Figures 6 and 7). 

Measured TN concentrations increase steadily downstream from Taupoo until 

Hamilton (219 km) at both base flow and mean flow (Figures 6 and 7). Just 

downstream Hamilton there is a large increase in TN concentration associated with 

point source discharges from Hamilton City, Te Rapa dairy factory and Horotiu 

meatworks (Figures 6 and 7). There is also a large increase in observed TN 

concentrations below the confluence of the Waikato and Waipa Rivers (240 km) 

which occurs because the concentration of TN at the mouth of the Waipa (800 ± 220 

mg/m
3
 at base flow, Figure 1) is higher than that in the Waikato River at the Waipa 

confluence (400 ± 80 mg/m
3
, Figure 6). At base flow observed TN concentrations are 

below the 300 mg/m
3
 guideline in the hydro lakes, and below the 500 mg/m

3
 

guideline for the entire length of the Waikato River (Figure 6). At mean flow observed 

TN concentrations are below the 300 mg/m
3
 guideline in the hydro lakes, but exceed 

the 500 mg/m
3
 downstream from the Waipa confluence (Figure 7). 

The WCM’s predictions of TP and TN concentration are good at mean flow but 

slightly over estimate concentrations in the lower Waikato at base flow (Figures 6 

and 7).  
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Figure 6:   Current State (current farming practice and land use) of water quality in the Waikato River at base flow showing variation with distance 

downstream of phosphorus (TP), nitrogen (TN), dissolved colour (G440), water clarity (BD), chlorophyll (CHL) and colour (Munsell). Black 

circles are observed data (mean ± 95% confidence interval) (Source: NIWA and EW monitoring). The dashed lines are targets (Table 1). The 

solid lines are predicted by the WCM model. 
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Figure 7:  Current State (current farming practice and land use) of water quality in the Waikato River at mean flow – Variation with distance 

downstream of phosphorus (TP), nitrogen (TN), dissolved colour (G440), water clarity (BD), chlorophyll (CHL) and colour (Munsell). . Black 

circles are observed data (mean ± 95% confidence interval) (Source: NIWA and EW monitoring). The dashed lines are targets (Table 1). The 

solid lines are predicted by the WCM model. 
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3.2  Priority actions to restore Waikato River water quality 

Actions to improve water quality in the Waikato River include: 

1. Further treatment of point source waste discharges. 

2. Changing farming practice. 

3. Retiring and reforesting erodible pasture. 

3.3  Reducing point source waste discharges 

There are 23 major point source discharges of waste along the length of the Waikato 

River (cf. 6 in the Waipa River) (Table 6). One action suggested by the community is 

the further treatment (possibly including land disposal) of municipal sewage and 

industrial discharges. Point source waste discharges contribute to low clarity and high 

nutrient concentrations in some Waikato tributaries. Figure 8 shows, however, that 

these point source discharges have only a minor impact on clarity and Munsell colour 

in the main stem of the Waikato River.  

Point source discharges do not impact significantly on dissolved colour (G440) except 

for the Kinleith mill (117 km) which has a high G440 concentration.  

Therefore, further treatment of waste discharges to reduce sediment and nutrient 

inputs is not likely to have significant beneficial effects for water quality in the 

Waikato River, with the possible exception of phosphorus - see below. Note, 

however, that the further treatment (notably land disposal) of sewage may have 

benefits in terms of reducing public health risk and will help meet Maaori aspirations 

for zero discharge of human waste to waterways. 

Discharges have a minor impact on TP and TN in the upper Waikato, but below 

Hamilton (228–232 km) discharges from Hamilton City, Te Raapa dairy factory and 

the Horotiu meatworks cause an increase in TP and TN concentration. The point 

source discharges of nutrients contribute to the high CHL concentrations below 

Horotiu (232 km) especially at base flow, and at the mouth the point sources are 

responsible for 20% of the base flow CHL concentration. 
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Figure 8:  Effects of point source discharges on the Waikato River water quality at base flow – Predicted phosphorus (TP), nitrogen (TN), dissolved 

colour (G440), water clarity (BD), chlorophyll (CHL) and colour (Munsell) with (black line) and without (red line) the point source discharges. 

Black circles are observed data (mean ± 95% confidence interval) (Source: NIWA and EW monitoring). 
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3.4  Changing farming practice and land use 

Figures 9 and 10 compare the WCM predictions for the Current State with the 

farming practice and land use changes in Scenarios 1–3 (described earlier) at ‘base’ 

and ‘mean’ flow respectively. 

Water clarity (BD) 

The actions of all three scenarios result in improvement to BD water clarity at base 

flow (Figure 9) and mean flow (Figure 10). Scenarios 2 and 3 result in BD complying 

with the 1.6 m guideline immediately below the hydro lakes (190–230 km). However, 

downstream from the Waipa confluence (240 km) water clarity is still less than 1 m at 

both base flow and mean flow (Figures 9 and 10). At base flow (Figure 9) BD is below 

the 4 m guideline in all the hydro lakes. However at mean flow, the 4 m guideline is 

met in the upper hydro lakes as well as in the headwaters, but not in the lower hydro 

lakes or further downstream (Figure 10). 

Colour (G440 and Munsell) 

Dissolved colour (G440) is predicted to decrease significantly downstream from the 

Waipa confluence (240 km) for Scenarios 2 and 3 at both flows (Figures 9 and 10). 

None of the scenarios includes additional colour removal at Kinleith (120 km) where 

there is a step increase in G440.  

Munsell colour improves for Scenarios 2 and 3 as a result of lower G440, FSS and CHL 

(Munsell colour is a function of G440, FSS and CHL). Predicted Munsell colour is well 

above the guideline (Figures 9 and 10) although the water remains yellow-brown in 

the Lower Waikato.  

Chlorophyll (CHL) 

At base flow Scenarios 2 and 3 achieve significant reductions in CHL (Figure 9) – the 

filters guideline of 20 mg/m
3
 is met almost everywhere in the Waikato River. The 

warning guideline of 10 mg/m
3
 is met above the Waipa confluence (240 km) – which 

means that if a cyanobacteria bloom occurs it is unlikely to pose a health risk to 

humans or animals except perhaps in the lower Waikato River (Huntly-Tuakau). At 

mean flow the warning guideline of 10 mg/m
3
 is met upstream from the Waipa 

confluence, and the filters guideline of 20 mg/m
3
 continues to be met everywhere. 

Nutrients (TP and TN)  

The actions of Scenario 1 significantly reduce predicted TP concentrations at base 

flow (Figure 9) and mean flow (Figure 10). At both flows TP complies with 35 mg/m
3
 

guideline upstream from Hamilton (220 km) and TP nearly complies with the 20 

mg/m
3
 guideline in the hydro lakes (50 – 190 km). Scenarios 2 and 3 result in further 

reductions in TP concentration at both base flow and mean flow, but compliance 

remains as for Scenario 1.  
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There is a slight reduction in predicted TN concentrations under Scenario 1 at base 

flow (Figure 9) and mean flow (Figure 10). This results in the predicted TN at base 

flow meeting the 500 mg/m3 guideline everywhere upstream from Rangiriri (265 km) 

(Figure 9). At mean flow predicted TN concentrations exceed the 500 mg/m3 

guideline below the Waipa confluence (240 km) (Figure 10). There is a significant 

improvement in predicted TN between Scenarios 1 and 2 at both flows (Figures 9 and 

10). This means that the TN targets are met for the entire length of the Waikato River 

at both base flow and mean flow. The actions of Scenario 3 produce similar results to 

Scenario 2 (Figures 9 and 10). 
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Figure 9:   Variation in Waikato River water quality with distance downstream at base flow  predicted by the WCM : phosphorus (TP), nitrogen 

   (TN), dissolved colour (G440), water clarity (BD), chlorophyll (CHL) and colour (Munsell) for the Current State (black line), Scenario 1 

   (blue line), Scenario 2 (red line) and Scenario 3 (green line). The dashed lines are targets (Table 1). 
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Figure 10:  Variation in water quality at mean flow in the Waikato River with distance downstream as predicted by the WCM: phosphorus (TP), 

   nitrogen (TN), dissolved colour (G440), water clarity (BD), chlorophyll (CHL) and colour (Munsell) for the Current State (black line), 

   Scenario 1 (blue line), Scenario 2 (red line) and Scenario 3 (green line). The dashed lines are targets (Table 1). 



   26 

4.  Other priority actions to improve water quality 

 

4.1  Re-vegetating stream banks 

The contribution made by stream bank erosion to suspended sediment loads and 

water clarity in streams has not yet been measured in the Waipa or Waikato 

catchments, although studies are underway that will help to quantify stream bank 

erosion. There is evidence from NIWA and Environment Waikato studies in the 

Waikato basin that stream banks covered with pasture grasses are more likely to be 

actively eroding than stream banks covered with woody vegetation (Kotze et al., 

2008). This is consistent with overseas studies which show that woody vegetation is 

more deeply rooted and protects stream banks from the effects of the current 

(Abernathy and Rutherfurd, 2000). Suspended sediment loads have been measured 

at a small number of sites in the Waikato, and water clarity has been monitored at a 

larger number of sites.  This study re-analysed that data but found there was no 

reliable way to separate the effects of stream bank erosion from other sources of 

sediment.   

Two studies in the Waikato have measured suspended sediment loads, turbidity and 

water clarity before and after stream bank revegetation and other catchment 

restoration. McKerchar and Hicks (2001) found that fencing streams and planting 

erosion-prone areas in the Waitomo catchment reduced suspended sediment loads 

at a given flow by about 40%. They focused on high flow events which delivered the 

majority of suspended sediment and they did not quantify changes in water clarity.  

Dr Deborah Ballantine performed a trend analysis on turbidity measurements in the 

Waitomo Stream (Dr Deborah Ballantine, NIWA, pers. comm.) and found that there 

had been no significant change over time. This suggests that although riparian 

restoration had reduced the supply of coarse sediment, it had not reduced the supply 

of fine sediment - which is the main contributor to turbidity and low water clarity.  Dr 

Ballantine did not examine changes in turbidity at base flow which is when the 

majority of contact recreation occurs. Quinn et al., (2009) found that stream fencing 

to exclude cattle and replanting the riparian zone with poplars has resulted in a 

significant increase in water clarity (roughly a doubling) in the stream PW3 at the 

Whatawhata study site in the Waipa catchment. However, in the adjacent PW2 

catchment, retirement and reforestation with pine trees has not resulted in any 

significant change in water clarity for reasons that are not fully understood but may 

include channel widening and the disappearance of small riparian wetlands.   

Elsewhere in New Zealand, studies have shown that suspended sediment yields from 

pasture catchments are significantly higher than yields from forest catchments. 

Fahey (2003) reports that in the Hawkes Bay pasture yields = 2–3 x forest yields. 

Hicks (1988, 1990) analysed data from paired catchment studies at several locations 

around New Zealand and concluded that for a given rainstorm pasture yield = 6–8 x 

exotic forest yield. Thus, the retirement and reforestation of pasture is likely to 



   27 

reduce sediment loads in streams significantly. Note, however, that Fahey (2003) and 

Hicks (1988, 1990) quantified the change in mean annual yield of suspended 

sediment which is dominated by loads during storms, whereas the principal concern 

for contact recreation is with turbidity and water clarity at base flow.  There are good 

reasons for believing that reducing the annual suspended sediment yield will have 

benefits in terms of increased base flow water clarity. However, those benefits have 

not been quantified and may not be as large as the 2–3 and 6–8 fold differences cited 

above.  

4.2  Input reductions 

The WCM model estimates the yields of fine sediment and dissolved colour from 

different land uses from monitoring data gathered in the catchment. For Scenarios 1, 

2 and 3 the WCM model reduces these yields by the amounts shown in Tables 2 and 

3. These reductions have been estimated from the results of detailed studies in a 

number of farming catchments throughout New Zealand (Dr Ross Monaghan, 

AgResearch, pers. comm.). It is important to note that these reductions relate to 

what leaves the farm. They do not include the reductions in bank erosion that are 

likely to occur when stream banks are retired and replanted with woody vegetation.  

The effects of replanting and increasing the strength of stream banks are not 

modelled in the WCM predictions described earlier. Consequently, additional 

benefits beyond those predicted for water clarity are likely if stream bank erosion 

can be decreased below that in typical pasture streams by re-vegetating the stream 

banks.  

At the stakeholders’ workshop held on 16
th

 February 2010, anecdotal evidence was 

presented suggesting that the current low clarity in the Waipa near Otorohanga was 

the result of injudicious willow removal that had damaged the river banks and left 

them susceptible to erosion. If this is the case then revegetation of the river banks 

should be a priority action.  There is clear evidence of active bank erosion in several 

Waikato tributaries. Erosion occurs in places along straight parts of the channel 

through undercutting and bank slumping. Revegetation straighter parts of the 

channel is likely to reduce undercutting and bank slumping. Erosion also occurs on 

the outside of bends where the current ‘attacks’ the bank. Efforts to reduce bank 

erosion in such ‘hot spots’ including re-vegetation and the placement of protection 

(e.g., logs or rock) may have benefits, but it may simply move the erosion ‘hot spot’ 

further downstream.  

In conclusion, revegetation of stream banks with woody vegetation (trees and 

shrubs) in the Waipa and Waikato catchments will almost certainly have benefits in 

terms of reduced bank erosion, with ongoing benefits to water clarity. Currently, 

however, it is not possible to quantify accurately what the benefits will be. The 

modelling described in this Section does not include the effects that riparian 

revegetation is expected to have on reducing sediment inputs, and consequently 

predictions are conservative (viz., under-estimate the likely benefits).  
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4.3  Legacy sediment 

As discussed earlier, material deposited into the Waipa River by the Tunawaea slip in 

1991 is thought to be contributing to degraded water clarity. The same may also be 

true for material deposited elsewhere in the river by major erosion events that have 

occurred periodically since land clearance commenced. If this is the case, and if 

remedial actions reduce the supply of new fine sediment into the river, then over 

time the effects of ‘legacy’ sediment in the river channel should decline. There is not 

enough information available to make a reliable estimate of how long this might 

take, or the contribution ‘legacy’ sediment is making to current water clarity. Work in 

East Cape, the Motueka catchment and in Glenbervie Forest (Northland) suggests 

that the effect of large erosion events decays exponentially over a period of several 

years (Hicks and Harmsworth, 1989; Hicks and Basher, 2008). 

4.4  Land disposal 

Land disposal of municipal effluent is listed as one of the priority actions in Section 8 

in the main report. The primary benefits of land disposal are cultural health with co-

benefits being reduced human health risk and improved water quality.  However, the 

WCM modelling above shows that, with the exception of phosphorus in Hamilton 

sewage, the co-benefits of land disposal in terms of reduced nutrient and 

phytoplankton concentrations, increased water clarity and improved colour are 

minor.  
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5.  Summary of input data for the WCM model 

5.1  Scenarios 

 
Table 4:  Scenarios from Monaghan (2010). 

 
 Dairy Sheep-beef Forestry (Planted forest) Horticulture 

Current State Present situation 

Scenario 1 –  

Current Best Practice 

Full stock exclusion from 

streams using single-wire 

fencing. 

 

Soil Olsen P levels reduced from 

38 to 32 (economic optimum). 

 

Effluent areas enlarged 

appropriate to effluent K 

(potassium) and N loading 

rates. 

 

Additional 1 month’s effluent 

pond storage; low application 

depth. 

Exclusion of cattle from streams 

using single-wire electric 

fencing and provision of stock 

troughs and water supply. 

10 m stream buffer for blocks > 

50 ha. 

 

5 m stream buffer for blocks 20 

– 50 ha. 

Reduced fertiliser inputs. 

 

Sediment control measures. 

Scenario 2 – 

Changing farm practice 

All Scenario 1 actions adopted. 

 

Use of nitrification inhibitors 

(5% pasture production 

response assumed). 

 

Wetlands installed on 1% of 

farm area (fencing out of seeps 

and bogs). 

 

Berms on sections of lanes to 

As per Scenario 1. 

 

Wetlands installed on 1% of 

farm area (fencing out of seeps 

and bogs). 

 

Poplar plantings (with sleeves) 

at 10 m spacings on each side 

of streams.   

As per Scenario 1. 

 

As per Scenario 1. 
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 Dairy Sheep-beef Forestry (Planted forest) Horticulture 

Current State Present situation 

direct runoff away from 

streams. 

 

5 m buffer on each side of 

streams, planted with natives. 

Existing fences relocated to 

protect the natives. 

 

Farm inputs of purchased feed 

and fertiliser N reduced to nil. 

Scenario 3 
All Scenario 2 actions adopted. 

 

15 m fenced and planted 

buffers on all streams. 

 

60% of steep sheep-beef farms 

retired and planted in pines 

25% of easy sheep-beef farms 

retired and planted in pines 

As per scenario 1 

 

 

60% of steep sheep-beef farms 

retired and planted in pines 

25% of easy sheep-beef farms 

retired and planted in pines 

As per scenario 1 

 

Table 4: (cont.) 
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5.2  Point sources 

 

Table 5:  Point source discharges of TP (total phosphorus), TN (total nitrogen), SS (suspended sediment), G440 (dissolved colour), CHL (chlorophyll), 

and FSS (fine suspended sediment) into the Waipa River. The bold values are from AEE (Assessment of Environmental Effects) documents 

and the rest from EW consents.  
 

TP TN SS 

G440 

(1/m) 

 

CHL 

(mg/m
3
) 

FSS 

(1/m) 

 

 

Km 

from 

source 

Average 

dry 

weather 

flow   

(m
3
/d) 

Load 

(kg/d) 

Concentration 

(mg/m
3
) 

% of 

pt 

source 

load 

Load 

(kg/d) 

Concentration 

(mg/m
3
) 

% of 

Pt 

source 

load 

Load 

(kg/d) 

Concentration 

(mg/m
3
) 

   

Te Kuuiti 

Sewage* 
55 4,200 34 8,000 43.6 92 22,000 25.5 55 13,000 15 0 20 

Otorohanga 

Sewage 
65 600 12 20,000 15.4 50 83,333 13.9 55 91,667 15 0 20 

Te Awamutu 

Dairy Factory 
94 5,128 14 2,691 17.9 154 30,031 42.7 154 30,000 15 0 20 

Te Awamutu 

Sewage 
96 600 12 20,000 15.4 50 83,333 13.9 55 91,667 15 0 20 

Roto-o-Rangi 

Piggery 
97 330 1 3,939 1.3 7 19,697 1.9 10 30,000 15 0 20 

Templeview 100 750 5 6,000 6.4 8 10,000 2.2 23 30,000 15 0 20 
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Table 6:   Point source discharges of TP (total phosphorus), TN (total nitrogen), SS (suspended sediment), G440 (dissolved colour), CHL (chlorophyll), 

and FSS (fine suspended sediment) into the Waikato River. The flow, TP load, TN load, SS load and G440 values for Kinleith are measured; 

the bold values are from AEE documents, and the rest are from EW consents. Figures in italics are discharged to land. 
 

TP TN SS 

 

Km 

from 

Taupoo 

Average 

dry 

weather 

flow   

(m
3
/d) 

Load 

(kg/d) 

Concentration 

(mg/m
3
) 

% of pt 

source 

load 

Load 

(kg/d) 

Concentration 

(mg/m
3
) 

% of 

pt 

source 

load 

Load 

(kg/d) 

Concentration 

(mg/m
3
) 

G440 

(1/m) 

CHL 

(mg/m
3
) 

FSS 

(g/m
3
) 

Taupo Sewage 4 8,640 12 1,389 2.6 60 6,944 2 259 30,000 5 5 30 

Taupoo Timber 

Mill 
8 0 0 0 0.0 0 0 0.0 0 0 5 0 0 

Prawn Farm 

Wairaakei 
8 864 4 4,051 0.9 4 4,051 0.1 26 30,000 5 0 0 

Wairaakei Power 

Station 
10 95,040 36 378 8.1 131 1,373 4.5 0 0 5 0 0 

Oohaakii Power 

Station 
48 86 0 0 0.0 0 0 0.0 0 0 5 0 0 

Reporoa Dairy 

Factory 
48 0 0 0 0.0 0 0 0.0 0 0 5 0 10 

Kinleith Pulp Mill 117 87,600 52 594 11.8 431 4,920 14.9 5,900 67,352 40 0 10 

Litchfield Dairy 

Factory 
167 2,200 4 1,773 0.9 115 52,273 4.0 22 10,000 5 0 10 

Tokoroa Sewage 168 4,000 38 9,500 8.6 160 40,000 5.5 48 12,000 5 5 30 

Cambridge 

Sewage 
196 2,000 11 5,600 2.4 20 9,850 0.7 60 30,000 5 5 30 

Hautapu Dairy 

Factory 
214 2,200 4 1,773 0.9 115 52,273 4.0 22 10,000 5 0 10 

Hamilton 

Sewage 

(summer) 

228 224,000 100 446 22.6 450 2,009 15.5 700 15,000 5 5 30 

Te Raapa Dairy 

Factory 
232 10,000 25 2,500 5.7 400 40,000 13.8 100 10,000 5 0 10 
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TP TN SS 

 

Km 

from 

Taupoo 

Average 

dry 

weather 

flow   

(m
3
/d) 

Load 

(kg/d) 

Concentration 

(mg/m
3
) 

% of pt 

source 

load 

Load 

(kg/d) 

Concentration 

(mg/m
3
) 

% of 

pt 

source 

load 

Load 

(kg/d) 

Concentration 

(mg/m
3
) 

G440 

(1/m) 

CHL 

(mg/m
3
) 

FSS 

(g/m
3
) 

AFFCo Horotiu 233 4,838 100 20,670 22.6 800 165,358 27.6 97 20,000 5 0 10 

Ngaaruawaahia 

Sewage* 

(summer) 

245 2,000 16 8,000 3.6 50 20,000 1.7 60 30,000 5 5 30 

Huntly Power 

Station 
258 0 0 0  0 0  0 0 5 0 0 

Huntly Sewage* 

(summer) 
262 1,500 12 8,000 0.0 38 17,600 0.0 45 30,000 5 5 30 

Johnson Piggery 292 104 4 40,385 5.7 21 200,000 1.3 3 30,000 5 0 50 

PIC Maramarua 

Piggery 
294 88 4 39,773  18 198,864  3 30,000 5 0 50 

Tuakau Sewage 314 4,500 18 3,978 0.9 33 7,400 0.7 62 13,778 5 5 30 

Waikato By-

Products 
316 1,000 10 10,000 0.9 100 100,000 0.6 62 62,000 5 0 5 

Te Kauwhata 

Sewage* 
275 1,100 3 2,800 4.1 9 8,000 1.1 17 15,000 5 5 30 

Meremere 

Sewage 
292 160 1 5,400 2.3 4 25,000 3.4 8 48,000 5 5 30 

 
* Consents currently under application.  Actual limits once consent granted may differ from those tabulated.

Table 6: (cont.) 



   34 

5.3  The catchment water quality model 

Background  

The Waikato Catchment Model (WCM, Rutherford et al., 2001) was originally 

developed under contract to Mighty River Power in connection with consents for the 

hydro dams. It has subsequently been used by Environment Waikato to examine the 

effects of land use change and to model blue-green algal blooms. The model has 

several unique features, including its ability to model not only nutrients and 

suspended sediment but also phytoplankton growth, water clarity and colour. The 

model assumes steady flow but can be run at a number of different flow regimes. It 

divides the river into segments c. 100–200 m long and predicts the changes in 

concentration that occur from Taupoo (headwaters) to Te Puuaha (near the mouth). 

For this study, the WCM was modified so that it also models changes along the 

Waipa River from its headwaters to Ngaaruawaahia (confluence with the Waikato 

River) and the effects that the Waipa has on the lower Waikato River. Other 

tributaries are not modelled in detail but their inputs into the Waikato or Waipa are 

estimated using information about landuse and point source discharges in their sub-

catchment.   

The river is sub-divided into a number of segments each of which is assumed to be 

well-mixed vertically, transversely and longitudinally. The number of segments varies 

depending on the flow and the specified time step and is calculated within the 

model. Where the channel is riverine, segments are long, narrow, shallow and the 

velocity is swift. In the hydro lakes segments are short, wide, deep and the velocity is 

slow. Longitudinal dispersion is neglected.  

The river water quality sub-model calculates the concentration profiles along the 

Waikato and Waipa River systems of total phosphorus (TP), total nitrogen (TN), 

phytoplankton chlorophyll (CHL), fine inorganic suspensoids (FSS), suspended 

sediment (SS), dissolved colour (G440), black disc clarity (BD) and colour (Munsell). 

Flow is assumed steady, the phytoplankton growth equations are averaged over 24 

hours, and steady-state solutions are sought.  

Mass balance equations are used to predict the concentration of total phosphorus 

and total nitrogen in each segment. Both TP and TN are both assumed to be 

biologically inactive, with settling the only removal process. The inflow or initial 

concentration is set equal to the average concentration measured in the outflow 

from Lake Taupoo. The model determines whether N or P limits maximum 

phytoplankton biomass in the hydro lakes and river based on published information 

on the N:P ratio in phytoplankton. 

Assuming a linear relationship between G440 (light absorbance at 440 nm) and 

yellow substance (dissolved colour) mass concentration, a “mass” balance equation is 

used for the prediction of G440. Dissolved colour is assumed to be biologically 
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inactive and, because it is a dissolved constituent, to have a negligibly small settling 

velocity. 

A mass balance equation is used to predict the concentration of SS in each segment. 

Assuming a linear relationship between FSS and SS mass concentration, a ‘mass’ 

balance equation is also used for the prediction of FSS. Settling is included in the 

model although the majority of beam attenuation is caused by very small particles 

which have a very low settling velocity. 

The WCM incorporates the model of Pridmore and McBride (1983) for phytoplankton 

chlorophyll (CHL), which accounts for the effects of nutrient concentration and 

flushing. This model is modified to include the effects of settling and by making the 

growth rate a function of temperature and light. 

Water clarity varies with changes in the concentrations of phytoplankton, yellow 

substance and other fine suspensoids (e.g., clay, silica, detritus etc.).  Water clarity is 

taken to be the horizontal visibility of a black disc (termed black disc clarity, BD). 

Black disc clarity (in segment i) is inversely related to the beam attenuation 

coefficient (c): 

                                                    
i

i c
BD

8.4=     (1) 

The beam attenuation coefficient varies with the concentrations of phytoplankton, 

yellow substance and other suspensoids and the following relationship is assumed: 

 

                                         
321

321 440
βββ ααα iiioi FSSGCHLcc +++=  (2) 

 

where co = background beam attenuation coefficient of pure water (m-1) = 0.064, 

and 
β

 and α are empirical coefficients.  

 

.00.1,17.0,10.0,1 321321 ====== αααβββ  

 

Colour is quantified in the model by Munsell hue which changes as a result of 

increases of yellow substance, chlorophyll and inert suspensoid concentrations. A 

regression model is used (derived using monitoring data) 

 

                    )ln()440ln()ln( 321 CHLmGmFSSmmMunsell o +++=           (3)

  
 

where m are constants estimated during calibration.  
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This Study 

The model was firstly calibrated to the measured data (Figures 1, 2, 6 and 7) using 

the Current State yields (Table 7). Two flow regimes were considered, namely ‘mean’ 

and ‘base’ flow and the measured data were categorised using these two flows. A 

flow scaling factor depending on these two flows along with attenuation or 

amplification of the Current State yields at various reaches of the rivers were 

included in the calibration. For the calibration to the chlorophyll concentrations, the 

settling velocity and maximum growth rate of the phytoplankton chlorophyll were 

adjusted. For Scenarios 1–3, the yields varied (Table 7) but the scaling factors, the 

attenuations or amplifications, the settling velocity and growth rate remained 

unchanged. 

The following describes how the concentrations of TP, TN, SS, G440 and FSS are 

predicted in each sub-catchment which are then used in the “mass” balance 

equations for each segment. 

There are a number of sites along the Waikato and Waipa Rivers and each one is 

associated with a sub-catchment or a point source discharge. There are various land 

use types in each sub-catchment and these include forestry or planted forest (PF), 

sheep-beef on steep hill country (class 3) (SB3), sheep-beef on easy hill country (class 

4) (SB4), sheep-beef on easy rolling country (class 5) (SB5), diary on peat soils (DPe), 

dairy on well-drained soils (DW), dairy on poorly-drained soils (DPo), cropping and 

horticulture (CH), native forest (NF) and urban (U) (Appendix 9: Farms).  

Firstly the ‘yield’ of TP, TN, SS, G440 or FSS from a land use in a sub-catchment is 

calculated by multiplying the yield from that land use by the fraction of area that it 

occupies in the sub-catchment. These yields are then summed across the land use 

types (PF, SB3, SB4, SB5, DPe, DW, DPo, CH, NF, U) to give a total yield of TP, TN, SS, 

G440 or FSS for the sub-catchment. 

For TP, TN and SS the yield has units of kg/ha/yr. Concentrations of TP (mg/m
3
), TN 

(mg/m
3
) and SS (g/m

3
) are calculated from their yields using the sub-catchment area 

and flow rate. For G440 and FSS the yield units are m
2
/m

3
 = 1/m, and these are also 

used for their ‘concentrations’. 

The yield from the land use is scaled according to the flow so that 

    Yield from land usej of substancev from sub-catchmentk =                                   

         Yield from land usej of substancev x Flow scaling factor 

                           x Area of land usej in sub-catchmentk/Area of sub-catchmentk ;   

where j = PF, SB3, SB4, SB5, DPe, DW, DPo,  CH, NF or U;  

           v = TP, TN, SS, G440 or FSS and k = a sub-catchment 

 

Or if Y = yield;  

      SF = (flow) scaling factor;  
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        A = area;  

         r = Waikato River (Wk) or Waipa River (Wp);  

         s = Pasture (P) or Forest (F); and  

         t = Mean flow (M) or Base flow (B) then 

                                              
k

kj
vtsrvjkvj A

A
SFYY ,

,,,,,, ××=    (4)                                  

 
 
and for the total yield of substancev from sub-catchmentk        
 

                                                     ∑ ××=
j k

kj
vtsrvj A

A
SFY ,

,,,,                                 (5)   

 

If j = PF, NF or U then vtFsrvtsr SFSF ,,,,,, ==
 else if j = SB3, SB4, SB5, DPe, DW, DPo,  or 

CH then vtPsrvtsr SFSF ,,,,,, ==
. “Yields”, vjY , for v = TP, TN and SS were obtained from 

Dr Ross Monaghan (AgResearch, pers. comm.) for Current State and Scenarios 1, 2 

and 3 for TN, TP and SS (Table 7). TPvjY =,  for the Waipa needed to be different to 

that for the Waikato in order to calibrate the model for the Current State (Table 7). 

vjY , for v = FSS and G440 for the Current State were estimated in order to calibrate 

the model to the measured data. for FSS and G440. For Scenarios 1–3, the yields for 

FSS and G440 were obtained by applying the same reductions in SS yields between 

the Current State and Scenarios 1–3. 

These estimations included looking at plots of Forest (both planted and native) and 

Total Pasture versus FSS and G440 (Figure 11) in order to estimate the yields of FSS 

and G440 in mainly forested sub-catchments compared with mainly pastured sub-

catchments. If it is assumed that mainly pastured sub-catchments are dairy farms and 

sheep-beef farms are a mixture of pasture and forest, then from Figure 11 (a) and (b), 

the FSS yield for the dairy farms is about 10, for sheep-beef farms is about 5, and for 

forested sub-catchments is about 1(Table 7). Similarly, from Figure 11 (c) and (d), the 

G440 yield for the dairy farms is about 4, for sheep-beef farms is about 3, and for 

forested sub-catchments is about 2 (Table 7). 
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Figure 11:  Variation with percentage of Forest (planted and native) and Total Pasture in various 

sub-catchments of the Waikato and Waipa Rivers versus observed FSS and G440 with 

trendlines. 
 
 

FSSvjY =,  and 440, GvjY = for the Waipa needed to be different to those for the Waikato 

in order to calibrate the model for the Current State (Table 7). 

 

Flow scaling factor, vtsrSF ,,,  

In this study, two flow regimes are modelled: the ‘mean’ and ‘base’ flows. The flow 

scaling factor is given by 

                                             vsr

tvsrvtsr QSF ,,

,,,,,
βα ×=          (6)                              

whereα and β (Table 8) are coefficients estimated during calibration. 

Since 1,, =vsrα  for all vsr ,,  Equation 6 becomes 

                                             vsr

tvtsr QSF ,,

,,,
β=       (7) 

 

For “mean” flow, the minimum and maximum are set at 75% and 125% respectively 

of the measured mean flow (at Rangiriri in the Waikato River, at Whatawhata in the 

Waikato River) giving an average of 100% of the flow, viz. the ‘mean’ flow ( MtQ = ) in 

Equation 7 = 1. For “base flow”, the minimum and maximum are set at 25% and 75% 

respectively of the measured mean flow giving an average of 50% of the flow, viz. the 

‘base’ flow ( BtQ = ) in Equation 7 = 0.5.  

Therefore for mean flow     1,,, == vMtsrSF      (8) 

 

and for base flow                 vsr

vBtsrSF ,,5.0,,,
β==      (9) 

                                                              1≤  since 0,, ≥vsrβ for all vsr ,,  (Table 8). 
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For mean flow then, Equation 5 becomes  

                                               ∑ ×
j k

kj
vj A

A
Y ,

,       (10) 

 

and for base flow, the flow scaling factor attenuates the ‘yield’ when 0,, >vsrβ , and 

when 0,, =vsrβ  then Equation 10 applies. 
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Table 7:  The ‘yields’, vjY ,  j = PF, SB3, SB4, SB5, DPe, DW, DPo,  CH, NF or U; v = TP, TN, SS, G440 or FSS. If the Waipa values are different to the 

Waikato ones then the Waipa values are given in the brackets. For the Current State (CS), vNFjY ,= and vUjY ,=  were set equal to vPFjY ,= . The 

reduction in vjY ,  resulting from the actions of Scenarios 1–3 (S1 – 3) did not apply to vNFjY ,=  or vUjY ,= . The Current State yields were used 

for calibrating the model.  

 

  j = PF j = SB3 j = SB4 j = SB5 j = DPe j = DW j = DPo j = CH 

CS TNPFY ,  

= 4.00 

TNSBY ,3  

= 9.20 

TNSBY ,4  

= 12.40 

TNSBY ,5  

= 15.50 

TNDPeY ,  

= 30.40 

TNDWY ,  

= 44.30 

TNDPoY ,  

= 40.40 

TNCHY ,  

= 70.50 

S1  TNPFY ,  

= 3.60 

TNSBY ,3  

= 8.81 

TNSBY ,4  

= 11.87 

TNSBY ,5  

= 14.84 

TNDPeY ,  

= 22.36 

TNDWY ,  

= 37.26 

TNDPoY ,  

= 33.36 

TNCHY ,  

= 22.35 
v = TN 

S2, S3 TNPFY ,  

= 3.60 

TNSBY ,3  

= 8.64 

TNSBY ,4  

= 11.64 

TNSBY ,5  

= 14.55 

TNDPeY ,  

= 11.03 

TNDWY ,  

= 17.03 

TNDPoY ,  

= 22.53 

TNCHY ,  

= 22.35 

CS 
TPPFY ,  

= 1.00 

(0.25) 

TPSBY ,3  

= 1.30  

(1.00) 

TPSBY ,4   

= 1.30  

(1.00) 

TPSBY ,5   

= 1.10  (1.00) 

TPDPeY ,   

= 3.70  (3.00) 

TPDWY ,   

= 1.10  (3.00) 

TPDPoY ,   

= 1.80  (3.00) 

TPCHY ,   

= 4.60 (3.00) 

S1  
TPPFY ,  

= 0.85 

(0.21) 

TPSBY ,3  

= 1.22 (0.94) 

TPSBY ,4  

= 1.22 

(0.94) 

TPSBY ,5   

= 1.03 (0.94) 

TPDPeY ,   

= 2.39 (1.94) 

TPDWY ,   

= 0.27 (0.74) 

TPDPoY ,   

= 0.70 (1.17) 

TPCHY ,   

= 0.96 (0.62) 
v = TP  

S2, S3 
TPPFY ,   

= 0.85 

(0.21) 

TPSBY ,3  

= 1.18 (0.91) 

TPSBY ,4   

= 1.19 

(0.91) 

TPSBY ,5   

= 1.01 (0.91) 

TPDPeY ,   

= 1.37 (1.11) 

TPDWY ,   

= 0.13 (0.34) 

TPDPoY ,   

= 0.47 (0.79) 

TPCHY ,   

= 0.96 (0.62) 

CS SSPFY ,  

= 457.00 

SSSBY ,3  

= 989.30 

SSSBY ,4  

= 436.80 

SSSBY ,5  

= 174.70 

SSDPeY ,  

= 18.20 

SSDWY ,  

= 55.40 

SSDPoY ,  

= 95.80 

SSCHY ,  

= 405.30 

S1  SSPFY ,   

= 365.60 

SSSBY ,3   

= 808.26 

SSSBY ,4   

= 356.87 

SSSBY ,5   

= 142.73 

SSDPeY ,   

= 16.92 

SSDWY ,   

= 46.98 

SSDPoY ,   

= 81.48 

SSCHY ,   

= 202.65 v = SS 

S2, S3 SSPFY ,   

= 365.60 

SSSBY ,3   

= 657.39 

SSSBY ,4   

= 290.25 

SSSBY ,5   

= 116.09 

SSDPeY ,   

= 4.85 

SSDWY ,   

= 31.88 

SSDPoY ,   

= 54.22 

SSCHY ,   

= 202.65 

 

v = FSS CS FSSPFY ,   

= 1.00 (1.50) 

FSSSBY ,3   

= 5.00 

FSSSBY ,4   

= 5.00 

FSSSBY ,5   

= 5.00 

FSSDPeY ,   

= 10.00 (17.50) 

FSSDWY ,   

= 10.00 (5.00) 

FSSDPoY ,  

= 10.00 (5.00) 

FSSCHY ,  

= 10.00 (5.00) 
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  j = PF j = SB3 j = SB4 j = SB5 j = DPe j = DW j = DPo j = CH 

S1  
FSSPFY ,   

= 0.80 

(1.20) 

FSSSBY ,3  

= 4.09 

FSSSBY ,4  

= 4.09 

FSSSBY ,5  

= 4.09 

FSSDPeY ,   

= 9.30 

(16.27) 

FSSDWY ,   

= 8.48 (4.24) 

FSSDPoY ,   

= 8.50 (4.25) 

FSSCHY ,  

= 5.00 (2.50) 

S2, S3 
FSSPFY ,   

= 0.80 

(1.20) 

FSSSBY ,3  

= 3.32 

FSSSBY ,4  

= 3.32 

FSSSBY ,5  

= 3.32 

FSSDPeY ,   

= 2.66 (4.66) 

FSSDWY ,   

= 5.75 (2.88) 

FSSDPoY ,   

= 5.66 (2.83) 

FSSCHY ,   

= 5.00 (2.50) 

CS 
440,GPFY   

= 2.00 

(4.00) 

440,3 GSBY   

= 3.00 (1.50) 

440,4 GSBY  

= 3.00 

(1.50) 

440,5 GSBY  

= 3.00 (1.50) 

440,GDPeY   

= 4.00 (3.00) 

440,GDWY   

= 4.00 (3.00) 

440,GDPoY   

= 4.00 (3.00) 

440,GCHY   

= 4.00 (3.00) 

S1  
440,GPFY   

= 1.60 

(3.20) 

440,3 GSBY   

= 2.45 (1.23) 

440,4 GSBY   

= 2.45 

(1.23) 

440,5 GSBY   

= 2.45 (1.23) 

440,GDPeY   

= 3.72 (2.79) 

440,GDWY   

= 3.39 (2.54) 

440,GDPoY   

= 3.40 (2.55) 

440,GCHY   

= 2.00 (1.50) 

v = G440 
 
 

S2, S3 
440,GPFY   

= 1.60 

(3.20) 

440,3 GSBY   

= 1.99 (1.00) 

440,4 GSBY   

= 1.99 

(1.00) 

440,5 GSBY   

= 1.99 (1.00) 

440,GDPeY   

= 1.07 (0.80) 

440,GDWY   

= 2.30 (1.73) 

440,GDPoY   

= 2.26 (1.70) 

440,GCHY   

=2.00 (1.50) 

Table 7: (cont.) 
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Table 8: The values of vsr ,,β , r = Waikato River (Wk) or Waipa River (Wp); s = Pasture (P) or 

Forest (F) and v = TP, TN, SS, G440 or FSS. These were obtained during the calibration 

of the model to the Current State. 

 

  s = P s = F 

r = Wk TNPWk ,,β  = 0.40 TNFWk ,,β  = 0.40 
v = TN 

r = Wp TNPWp ,,β  = 1.35 TNFWp ,,β  = 1.35 

r = Wk TPPWk ,,β  = 0.10 TPFWk ,,β  = 0.10 
v = TP 

r = Wp TPPWp ,,β  = 1.50 TPFWp ,,β  = 1.50 

r = Wk SSPWk ,,β  = 2.50 SSFWk ,,β  = 1.00 
v = SS 

r = Wp SSPWp ,,β  = 2.50 SSFWp ,,β  = 1.00 

r = Wk FSSPWk ,,β  = 0.25 FSSFWk ,,β  = 0.00 
v = FSS 

r = Wp FSSPWp ,,β  = 0.50 FSSFWp ,,β  = 0.50 

r = Wk 440,, GPWkβ  = 0.75 440,, GFWkβ  = 0.75 v = G440 

 r = Wp 440,, GPWpβ  = 0.40 440,, GFWpβ  = 0.00 
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Appendix 14: Wastewater Management 

1. Introduction 

Point source discharges of municipal and industrial effluent contribute organic, 

suspended solid, nutrient and pathogen loadings to the river.  All municipal and 

industrial point source discharges must have resource consents.  The resource 

consents stipulate the flow and load or concentration limits that the discharge must 

comply with.  Most discharges will require some degree of onsite treatment to 

comply with these conditions.   

Within the Study area, there are a total of 13 sewage discharges.  The consents and 

Assessment of Environmental Effects (AEEs), where available, have been reviewed for 

all municipal wastewater treatment plant (WWTP) discharges greater than 100m³/d.  

These are summarised in Table 1.   There are also 16 industrial discharges, some of 

which are discharged to land. These are also summarised in Table 1. 

The Waikato Catchment Model (refer Appendix 13: Water quality) has shown that 

the overall contribution of the municipal and industrial discharges to the organic, 

solid, pathogen and nitrogen load is minor when compared to the diffuse source 

loads.  In a few locations the phosphorus contribution associated with some (but not 

all) municipal discharges has been shown to have a significant impact on water 

quality.  This is primarily associated with the large point source discharges to the 

lower Waikato.  Specifically reducing the phosphorus load from targeted discharges 

could be achieved through onsite treatment (for example chemical dosing, volume 

reduction, biological phosphorus removal) or by eliminating the discharge to the river 

altogether and disposing to land. 

In addition, land disposal of effluent from municipal WWTPs is seen by many Waikato 

iwi as preferable to water discharge, as they and many other Maori have a strong 

cultural belief that human wastes should be cleansed through contact with land 

before returning to water bodies.  

Based on the findings of the water quality modelling described in Appendix 13, there 

are a small number of discharges that may require targeted phosphorus reduction.  

However the primary driver for land disposal is for cultural wellbeing.  This appendix 

considers the costs and implications of implementing land disposal schemes for all 

municipal wastewater treatment plants discharges greater than 100 m³/d within the 

study area.   
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Table 1:  Point source discharges in the Study area (DWF = dry weather flow). 

Municipal Industrial 

Discharge Average 

DWF (m³/d) 
Receiving 

River 
Discharge Average 

DWF (m³/d) 
Receiving 

River 

Te Kuuiti  

WWTP 

4,200 Waipa Te Awamutu Dairy 

Factory 

5,128 Waipa 

Otorohanga 

WWTP 

600 Waipa Roto-o-rangi Piggery 330 Waipa 

Te Awamutu 

WWTP 

600 Waipa Taupoo Timber Mill Land Waikato 

Templeview 

WWTP 

750 Waipa Prawn Farm Wairakei 864 Waikato 

Taupoo WWTP 8,640 Land Wairakei Power 

Station 

95,040 Waikato 

Tokoroa WWTP 4,000 Waikato Ohaaki Power Station 86 Waikato 

Cambridge 

WWTP 

2,000 Land Reporoa Dairy 

Factory 

Land Waikato 

Hamilton 

WWTP 

224,000 Waikato Kinleith Pulp Mill 87,600 Waikato 

Ngaaruawaahia 

WWTP 

2,000 Waikato Litchfield Dairy 

Factory 

2,200 Waikato 

Huntly WWTP 1,500 Waikato Hautapu Dairy 

Factory 

2,200 Waikato 

Tuakau WWTP 4,500 Waikato Te Rapa Dairy Factory 10,000 Waikato 

Te Kauwhata 

WWTP 

1,100 Waikato Affco Horotiu 4,838 Waikato 

Meremere 

WWTP 

160 Waikato Johnson Piggery 104 Waikato 

   PIC Maramarua 

Piggery 

88 Waikato 

   Waikato By-Products 1,000 Waikato 

Notes: 1. Flows shown in bold taken from AEEs or consents.  All others sourced from NIWA or EW 

monitoring. 
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2. Methods 

WWTPs within the Study area that do not currently have land disposal have been 

identified from the Environment Waikato (EW) consents GIS dataset.  The AEEs for 

these plants were examined to see which land disposal options, if any had been 

considered in the applications for resource consent.   

Land disposal can be achieved in many ways with the most common in New Zealand 

being either slow rate irrigation (SRI) to pasture or forest, discharge via a wetland or 

discharge to a Rapid Infiltration Basin (RIB).  

Slow rate irrigation (SRI) is the application of effluent to land at rates that infiltrate 

into the soil without overloading it (in terms or moisture or nutrients).  The land may 

be used to grow crops or pasture, though the end use of anything grown on the land 

needs to be considered when considering the suitability of it for effluent application. 

For example, land used for dairy pasture requires that the standard of effluent 

applied to it is of a much higher quality than for other land uses1.  

Wetlands involve the creation of an area where the water surface is at or above the 

ground surface for a long enough period to maintain saturated soil conditions and 

the growth of related wetland vegetation.  Wetlands can be designed either as a 

treatment system or as an effluent polishing system.  The degree of removal of 

Biochemical Oxygen Demand (BOD, a measure of organic waste strength), total 

suspended solids (TSS) and faecal coliforms/E. coli will be a function of the hydraulic, 

solid and biological loading.  The longer the residence time, the greater the degree of 

treatment will be.  It is not uncommon for some communities to have wetlands as 

either a primary or secondary treatment stage.  To achieve the objective of land 

disposal the wetland needs to be loaded at a “polishing” rate.  Many of the Waikato 

WWTPs already have wetlands as part of the treatment process. 

Rapid Infiltration (RI) is when wastewater infiltrates vertically into the ground from 

basins that are periodically flooded.  The water percolates through the soil to the 

groundwater and eventually flows to a surface water body.  The soil conditions are 

important for RI; highly permeable soils such as sands gravels or sandy loams that 

drain efficiently are required.  For example, in the Waikato region, the Cambridge 

WWTP discharges via RI beds.  Once inundated with effluent the RI bed requires 

several days to drain and refresh ready for the next application.  As a consequence RI 

systems require relatively large areas to allow for cycling through individual beds.   

                                                      
1 Fonterra require that any municipal wastewater which is applied to dairy land pasture is treated to 

meet the California Title 22 Standards (Fonterra Public Statement “Human Effluent to Pasture” 2007) 

disinfection standards.   
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Two WWTPs in the study area have full scale land disposal systems consisting of 

either land irrigation or rapid infiltration beds (Table 1).  A small number of WWTPs 

have tertiary rock filters or rock lined channels which are intended to bring the 

effluent into cleansing contact with the land prior to discharge to surface water.  

Usually the use of rock filters/channel process have been developed in consultation 

with local iwi and granted consent. We have therefore considered it to be a culturally 

acceptable solution specific to that site.  The WWTPs where “land disposal” is used 

are: 

• Cambridge   Rapid Infiltration Beds 

• Taupoo   Land irrigation  

• Te Awamutu  Rock lined channel 

• Meremere  Rock filter 

• Templeview  Rock lined channel 

3. Goals  

Provide a wastewater treatment process that produces a high quality effluent and 

that, where economically feasible, meets the cultural aspirations of Maori by 

including land treatment.  

4. Phosphorus removal actions 

Tables 5 and 6 of Appendix 13 summarise the nutrient loads to the Waipa and 

Waikato Rivers.  The two biggest contributors of phosphorus to the Waikato are the 

Hamilton WWTP (Consented 700kg/d during winter and 100kg/d during summer) 

and the AFFCo Horotiu Meatworks (100kg/d).   

The Hamilton WWTP is currently in the process of installing a chemical dosing system 

to remove phosphorus in order to comply with their consented phosphorus limit.  

The alum dosing system will be in place by December 2010 and is intended as a five 

year temporary installation whilst Hamilton City Council (HCC) investigates the 

feasibility of modifying the existing biological treatment process to achieve biological 

phosphorus removal.  The dosing is only required during the summer period (i.e., 

December through to May) when the impact of the phosphorus load on the river is at 

its greatest. The phosphorus concentration in the effluent is currently 4 to 5 mg/l.  

Once chemical dosing is implemented the concentration is expected to drop to 

approximately 2.2 to 2.3 mg/l.   

The capital cost to implement the chemical dosing is $500,000, with a further 

$500,000 annual operating cost. The operating costs are primarily associated with  

the chemical consumption. However chemical dosing will result in approximately 30 
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percent more biosolids production. Until the solids stream upgrade is finalised 

(currently being implemented) the WWTP may incur a further $300,000 annual 

sludge disposal costs. 

It should be noted that there is a practical limitation in what a chemical dosing or 

biological removal system can achieve in terms of final effluent phosphorus 

concentration. Chemical dosing can achieve concentrations as low as 0.5 to 1 mg/l 

however the quantity of chemical required to achieve this level is extremely high as 

the alum to phosphorus molar ratio increases rapidly with diminishing final effluent 

concentration.  Some biological processes can achieve phosphorus concentrations of 

1 mg/l when operated well and provided the influent Biochemical Oxygen Demand 

(BOD) to phosphorus ratio is maintained at 20:1 or greater.  For both chemical and 

biological systems the influent composition needs to be carefully managed in order 

to maintain a consistent final effluent phosphorus quality. 

The AFFCo Horotiu Meatworks currently treats it’s wastewater in an anaerobic pond 

followed by an aerobic pond prior to discharge to the river.  The site is currently 

undergoing a program of works to improve the treatment process.  Covers are being 

installed on the ponds.  A new evaporator process is being installed in the rendering 

plant and AFFCo will soon begin treating selected beef processing effluent streams 

with dissolved air floatation (DAF).  The evaporator and DAF treatment will allow 

additional product recovery (protein and fat) with the co-benefit of reducing the 

nutrient load to the river.  

The AFFCo discharge consent was granted in 2001 although Affco have recently been 

granted a variation to allow for a future dairy processing factory (not built yet) to 

discharge their waste stream to their treatment plant.  The consent variation did not 

result in any changes to the consented volume or concentration limits.  The timing of 

the future dairy factory is uncertain and may be several years away.  The new 

treatment processes (evaporator and DAF) will allow the WWTP to have capacity for 

the future waste stream with the additional benefit of having discharge volumes and 

loads reduced below their consented limits in the interim. 

With the AFFCo evaporator installation and waste reduction improvements the net 

reduction of nutrients to the river is expected to be 30 percent for nitrogen and 10 

percent for phosphorus (this includes the dairy effluent).   

Given that both sites are currently implementing works that within practical 

limitations that will reduce the phosphorus load to the river, we have not developed 

cost estimates for further load reduction.  The extreme method for reducing the 

phosphorus load would be to implement a land disposal scheme which is evaluated 

further in this building block under the Land Disposal Actions 
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5. Land disposal actions 

The technical and economic feasibility of land disposal has been investigated by the 

associated Local Territorial Authorities (LTAs) in some detail as part of the resource 

consent process for the following treatment plants: 

• Pukete (Hamilton) Middle Waikato 

• Huntly     Lower Waikato 

• Ngaaruawaahia  Waipa 

• Te Kuuiti   Waipa 

• Te Kauwhata   Lower Waikato 

• Templeview  Middle Waikato 

The most recent AEEs for the WWTPs within the study region were reviewed to see 

what options had already been explored for land disposal of their effluent.  

Huntly and Ngaaruawaahia propose to obtain cultural acceptance of the wastewater 

discharge by undertaking a treatment plant upgrade and installation of a rock 

passage.  The rock passage is claimed to meet Tainui acceptance as a means of 

obtaining cleansing contact with the land.  Tainui have provided documented support 

of this proposal in the consent application AEE.  The consent for both plants has not 

yet been granted for this discharge. 

Hamilton - Pukete, Te Kuuiti and Te Kauwhata found land disposal to be technically 

feasible but uneconomic because of the cost of land.  The Terra 21 study looked in 

great detail at the range of options for land disposal at Pukete and the suitability for 

application in the regional environment.  Although three options were developed in 

some detail for Hamilton, and tertiary treatment with a habitat wetland was selected 

as the preferred option the scheme did not proceed.  It was decided that the 

environmental benefits of implementing the scheme did not match the cost to the 

community.  The Pukete plant recently renewed their discharge consent on the basis 

that they would upgrade the WWTP to achieve a better quality effluent.  This 

upgrade is currently under construction and includes reduced daily load limits for 

nitrogen and phosphorus. 

WWTPs within the study region that do not have land disposal costs publically 

available are: 

• Otorohanga  Waipa 

• Tokoroa  Middle Waikato 

• Te Kuuiti  Waipa 
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South Waikato District Council (SWDC) advises that the Tokoroa WWTP is within the 

city limits and that the WWTP already occupies the full site footprint.  Land disposal 

costs have not been developed as it has been deemed to be technically and 

economically unfeasible due to the lack of suitable land, high local land prices due to 

dairy farming usage, and long pumping distances to extend beyond city limits.  It 

should be noted that the Tokoroa WWTP has advanced treatment processes 

including tertiary sand filters to remove nitrogen and are currently reviewing options 

to increase the treatment standard further. 

Waitomo District Council advises that land disposal was investigated for Te Kuuiti 

WWTP and deemed to be technically and economically unfeasible.  Their findings 

were reported in detail in the 2009 AEE.  Costs have not been publically reported, 

however one of the major technical hurdles is that the soil moisture deficit is typically 

positive for no more than 6 – 8 weeks of the year which would mean that any 

irrigation or infiltration type scheme would be seasonal at best.  In February 2010 

Waitomo District Council received a Section 92 Request for Information as part of the 

consent process.  The request specifically requires the Council to provide further 

information as to the options and costs for full and/or partial land disposal.  Council 

advise that they are currently working through that process and developing costs.  

They are also consulting with the Joint Working Group regarding options.  The group 

has representatives from the Maniapoto Trust Board.  

Land disposal of municipal wastewater has been identified as a priority action 

primarily for cultural and wellbeing reasons.  However, there are too many site 

specific constraints and considerations to develop a capital or operating cost that is 

meaningful.  The consent holders are required to investigate the feasibility of land 

disposal as part of any consent renewal process. As the costs associated with land 

disposal schemes are particularly sensitive to the individual locations, the treatment 

processes already at the site, the soil types in the vicinity of the WWTP, the 

topography, the local climate, the soil deficit, local land values and predominant land 

use we cannot give an accurate estimate for land disposal for the sites within the 

study area.    

To give an indication of the range of possible costs, we have created a ‘cost curve’ for 

land disposal schemes in New Zealand.  The cost curve has been developed by 

collating information from a number WWTP schemes throughout the country where 

land disposal has either been investigated or implemented.  The costs have been 

escalated to 2010 for comparison purposes (based on a 3 percent inflation rate).  Due 

to the considerable number and range of variables the costs cover a large range and 

have been presented in terms of upper and lower bounds.   
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This cost curve has then been used to provide a range of possible costs for land 

disposal at WWTPs in the study area, based on their average daily design flows.  This 

requires a number of assumptions to be made: 

• There is suitable land in the vicinity of the WWTP.  Pumping effluent 

excessively long distances is not allowed for within the cost curve. 

• Climatic conditions make disposal to land possible. 

• The majority of schemes used to develop the cost curve were based on slow 

rate irrigation.  The curve is therefore biased towards this disposal option.  

Other methods may be more technically and economically feasible and 

would need to be evaluated on a site by site basis. 

6. Risks and probability of success 

Implementation of a land disposal scheme will either reduce or completely remove 

(depending on the selected process) the organic, solid, nutrient and pathogen 

loading to the river associated with municipal point source discharges of 

wastewater.  However the Waikato Catchment Model has shown that the overall 

contribution of the municipal discharges to organic, solid, pathogen and nitrogen 

load is minor when compared to the diffuse source loads.  In a few locations the 

phosphorus contribution associated with some (but not all) municipal discharges has 

been shown to have a significant impact on water quality.  However, the phosphorus 

contribution of specific municipal discharges could also be reduced through 

advanced treatment, i.e., Biological Nutrient removal (BNR) or chemical dosing, at 

potentially less cost to implement than a full sized land disposal scheme.  It can be 

concluded that the driver for land disposal is primarily for cultural reasons not water 

quality. 

The land required will typically be high class soils/sand and probably already be used 

for farming or forestry and so an economic disbenefit would be the retirement of this 

land from rural productive use and loss of potential future income.  The use of large 

areas of land previously zoned for reserve or recreational use for effluent disposal 

can also be a drawback, although there are a number of wastewater wetland 

schemes in New Zealand where these areas have the co-benefit of being special 

habitat areas where perhaps these did not exist under the previous land use. 

The economic feasibility of land disposal is heavily reliant on a number of local 

conditions such as: 

• The proximity of land with suitable ground conditions. 

• The purchase cost of suitable land. 
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• Land use – for example land used for dairy pasture requires a higher quality 

of effluent. 

• The proximity of sensitive environments. 

• The climate and soil moisture deficit 

For example, SRI to crops, pasture or forestry is often limited by the availability and 

proximity of suitable land, as well as seasonal issues such as rainfall, evaporation 

rates, groundwater levels and effluent volumes.  In the case of the Waikato, much of 

the land is used for dairy farm pasture.  Fonterra, who take the vast majority of milk 

produced in the Waikato region, have stated that they will accept the discharge of 

municipal effluent to dairy pasture only if it is treated to meet the California Title 22 

standards, which is the standard required for non-potable reuse of treated municipal 

wastewater in California and other parts of the USA.  This requires a significantly 

higher treatment standard than that required to discharge to wetlands or RI basins 

and in many cases is considered economically unfeasible.   

The recent 2008 AEE submitted to Environment Waikato for both the Huntly and 

Ngaaruawaahia discharges stated that the disposal of effluent to land was not 

considered feasible, for the following reasons: 

• Suitable land is likely to be used for, or associated with, dairy farming and an 

extremely high standard of wastewater treatment could be required, and 

even then, there could be questions about the acceptability of this practice 

with dairying. 

• This land may not be available and land owners would want significant 

compensation. 

• New treatment plants with disinfection would be required. 

• Extensive infrastructure would be required for piping wastewater long 

distances. 

• Discharges to the river would still be required for wet weather/seasonal 

events. 

• The capital, operational and maintenance cost estimates are of a level that 

will not be affordable by the communities. 

Upgrading the Huntly and Ngaaruawaahia WWTPs to the Title 22 standards alone 

was estimated to cost $14 - $27 million per plant.  This does not include the costs for 

constructing the piping and irrigation infrastructure required for the land disposal 

schemes.   

Te Kuuiti assessed RIB for its recent AEE and concluded that it was not feasible on the 

basis that either a large land area would be required due to the low soil permeability 
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or it would need to be situated away from the WWTP.  The Hamilton City Council 

Terra 21 study identified two sites that may be suitable for RIB for the Hamilton 

WWTP (Pukete); however for the remaining WWTPs there may not be suitable soils 

in the vicinity for RIB to be feasible.    

Under current legislation territorial local authorities are responsible for collection, 

appropriate treatment and permitted disposal of wastewater from the communities 

in their districts.  Many Councils in the Waikato Region have already considered "land 

disposal" when reconsenting their wastewater discharges.  As is described in this 

report, some have proceeded to dispose of treated effluent "to land", while others 

have concluded that land disposal is not the preferred option for their communities 

based on social, cultural, environmental or economic grounds.   

 Nonetheless, when existing consents eventually expire, or new regional rules are 

enacted, Councils need to reconsider options for disposal of their treated wastewater 

- including revisiting land disposal.  For such schemes designation, resource 

consenting and acquisition of land - including any buffer zones and service corridors - 

is likely to be difficult and time consuming.  Indeed, for any disposal scheme - be they 

already established or new, land based or point source discharge disposal - the initial 

investigation, option development, consultation and consenting (or reconsenting) 

processes can take several years to get to point of lodging applications.  Given their 

nature, they are typically publicly notified, with the submission, hearing and appeal 

processes often taking several more years to conclude before detailed design can 

commence.  

The use of the cost curve to estimate the probable cost for implementing land 

disposal for all the Waikato WWTPs must be treated carefully.  The curve will give an 

indication of the range and magnitude of what land disposal costs could possibly be.  

The costs for the schemes used to develop the cost curve varied significantly in terms 

of what was included or excluded, for example: 

• Land purchase costs. 

• Costs to upgrade treatment processes if higher effluent quality is required. 

• Length and size of pumping mains to disposal site/s. 

• Engineering and construction margins. 

We do not have the detail to be able to delve into the costs and present them on a 

normalised basis, however, as previously discussed, there are already large variations 

in cost between schemes due to local conditions, and the variability in cost due to 

the above listed items being included or excluded reflects this.  For example, the 

difference between two schemes of similar size but in different locations may be due 
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to land purchase costs, where one scheme already has land available for land 

disposal, and the other must purchase land. 

The majority of the costs used in the cost curve are for slow rate irrigation schemes.  

As a disposal option it is one of the least high tech but does require the largest land 

area.  For this reason, for large urban areas, such as Hamilton, it is unlikely to be a 

feasible disposal option.  

The vast majority of costs used to construct the cost curve are based on concept 

designs, and already inherently have large uncertainties associated with them.  They 

also range in date from 1996 to 2010.  Although we have escalated the costs by 3 

percent/annum to bring them all to 2010 rates, this may not accurately represent the 

large increase in cost of land, pumps, pipes and irrigation equipment in the last 10-15 

years.  

We have not included all known costs in the cost curve.  In particular, costs for 

Pukete (Hamilton) from the Terra 21 report, one cost estimate for the Blenheim 

WWTP and those for Templeview from the 1996 AEE (refer Table 2) have been 

excluded. We felt the data for these plants skewed the curve for the following 

reasons: 

• The Terra 21 reports generally focused on more high-tech land disposal 

schemes such as RI and sub surface injection treatment or hybrid schemes 

whereas the majority of the other costs presented in the curve relate to SRI.  

SRI is typically more suited to smaller communities, as the land area required 

to dispose of effluent from a large urban community becomes restrictive.   

• Some of the Terra 21 schemes were not designed to treat the entire effluent 

stream.  

• One of the cost estimates we received for Blenheim STP was for a seasonal 

discharge scheme that only disposed of a portion of the treated effluent 

stream.  This was not comparable to other schemes where the full effluent 

stream was disposed of.  

• The cost estimate for Templeview was done 14 years ago.  It is difficult to 

assess whether the 3 percent/annum escalation used for the other schemes 

still applies to a cost estimate done so long ago, particularly when it is known 

that the costs for land, pumps, pipes and irrigation equipment have 

increased significantly over the past 15 years. 

• It is particularly unclear from the Templeview AEE what was included or 

excluded from the estimate and there were very few details of the scheme.   
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7. Costs and timelines 

Table 2 summarises the existing available information regarding land disposal that 

have been considered in AEEs or other supporting documents for WWTPs that 

discharge to the Waikato River.  

Figure 1 shows the cost curve developed to assist with cost estimation for land 

disposal schemes throughout New Zealand. Note the scatter of the data points which 

clearly shows the variability in land disposal costs between schemes.  The yellow lines 

represent upper and lower bounds of cost and the black line is a medium estimate of 

cost.  

The cost curve has been used to predict costs for implementing land disposal, 

primarily irrigation to land, schemes for WWTP that discharge to the Waikato River.  

In some cases, for example Pukete (Hamilton) and Te Kauwhata, site specific 

preliminary costs for land disposal have already been developed by others during the 

resource consent processes (these are presented in Table 2).  In these cases, it would 

be more prudent to use the costs determined for the resource consent process 

rather than those developed by the cost curve. 

When considering the results from the cost curve for the other WWTPs in the 

Waikato (refer Table 3), it is important to remember that these costs have been 

created in isolation of knowledge surrounding the local conditions for these WWTPs.  

In some cases the associated council may already have considered land disposal and 

considered it unfeasible for technical reasons.  For example, at Te Kuuiti the soil 

moisture deficit is only positive for 6-8 weeks of the year.  Extraordinary measures to 

change this type of situation have not been allowed for within the cost curves.   

For a discussion on why cost estimates for Hamilton, Blenheim and Templeview have 

been excluded from the cost curve in Figure 1, refer to the final paragraph in Section 

8 of this appendix. Table 3 summarises the outcomes from the cost model.  Note that 

the costs have been presented as a range of values due to the high level of 

uncertainty associated with them.  All costs have been presented to three significant 

figures. The locations of the WWTP discharges are shown in Figure 2. 
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Table 2:  Review of AEEs for WWTPs Discharging to the Waikato River (see glossary for abbreviation definitions). 

WWTP Consent 
Number 

Consent period Land disposal info 
source and year 

Design Flow 

(m3/d) 

Existing treatment Existing 
disposal 

Existing Land 
Disposal 

Land Disposal 
Options Explored 

Capital Cost 
Estimate 

Annual Operating 
Cost Estimate 

Subsurface injection $10.0 mill (2001) $540,000 

Rapid infiltration $10.4 mill (2001) $170,000 

Hamilton 114674 20 years from 2007 
i.e., expiry in 2027 

2001 Based on 
average flow 
of 60,000 

Preliminary treatment, primary 
settling, activated sludge with 
seasonal nutrient removal, 
clarification and UV disinfection 

Multiport diffuser 
outfall in 
Waikato River 

None 

Habitat wetland $8.1 mill (2001) $110,000 

1,100 ADWF Construction of new 
wetlands   

$3.0 – 4.8 mill 
(2008) 

$160,000 – 180,000 

Slow rate infiltration $5.7 – 13.8 mill 
(2008) 

$280,000 – 400,000 

Rapid infiltration $4.5 mill (2008) $320,000 

Te Kauwhata 117991 Previous consent 
expired July 2008.   
Application requests 
20 year consent 
period i.e., expiry 
2028 

2008 AEE 

3570 Peak 

  

  

2x Aquamat ponds in series + 
wetland 

Via wetland into 
Lake Waikare 

Wetland not 
performing well 

Gravel Seep $2.8 mill (2008) $190,000 

1,500 ADWF Consent application based on construction of rock lined channel 
which is stated to meet Tainui approval subject to conditions. 

Huntly 119647 Previous consent 
expired 2009.  20 
year consent period 
sought i.e., expiry 
2029 

2009 AEE 

11,500 Peak 

Two stage oxidation ponds, 
two stage wetlands for tertiary 
treatment and gravel filter 
(proposed to remove rock filter 
due to poor performance) 

Discharge pipe 
and multi port 
diffuser to 
Waikato River 

Gravel filter installed 
in 1999 as result of 
WDC/Tainui 
negotiations 

Capital cost not stated.  Operating cost also not stated but assumed 
to be minimal. 

2,000 ADWF Consent application based on construction of rock lined channel 
which is stated to meet Tainui approval subject to conditions. 

Ngaaruawaahia 119642 Previous consent 
expired 2010.  20 
year consent period 
sought from 2009 
i.e., expiry 2029 

2009 AEE 

11,200 Peak 

Oxidation pond, wetland for 
tertiary treatment and rock 
lined channel.  Wetland and 
gravel filter performing poorly - 
proposed to remove them 

Discharge pipe 
and multi port 
diffuser to 
Waikato River 

Gravel filter installed 
in 1999 as result of 
WDC/Tainui 
negotiations 

Capital cost not stated.  Operating cost also not stated but assumed 
to be minimal. 

160 ADWF Meremere 105031 Previous consent 
expired 2001.  new 
consent expires 
2018 

2007 NIWA report 

480 Peak 

Oxidation pond and wetland 
rock filter 

Pumped to 
diffuser outlet in 
Waikato River 

Wetland rock filter 
performing modestly 

At the time of the AEE (2001) it was considered that the only land 
suitable for land disposal was too far from the WWTP to be 
economically feasible.  Discharges to two existing wetlands was 
also considered, but was dismissed because of concerns over 
increasing the nutrient loads to these wetlands.   

2009 AEE 4200 median Discharge to land (RI or 
Irrigation) 

No costs presented but considered 
unviable due to unsuitable land/high 
purchase costs 

Discharge to wetland No costs presented but considered 
unviable. 

Te Kuuiti 112639 Previous consent 
expired in 2005.  

Conversation with C. 
Van Ruen at WDC 

5,750 88 
percentile 

  

Activated sludge and clarifier 
with overflow to oxidation pond.  
UV disinfection.  

Discharged to 
Mangaokewa 
stream 

None.  Local soils 
have low permeability 
and there are only a 
few weeks/year with 
positive soil moisture 
deficit. 

Waitomo DC currently revising land disposal options and costs as 
response to Section 92 request. 
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WWTP Consent 
Number 

Consent period Land disposal info 
source and year 

Design Flow 

(m3/d) 

Existing treatment Existing 
disposal 

Existing Land 
Disposal 

Land Disposal 
Options Explored 

Capital Cost 
Estimate 

Annual Operating 
Cost Estimate 

750 dry 
weather 

Discharge to wetland $22,000 - $42,000 Not given 

Irrigation to land is looked at but no cost is given 

Templeview 101668 Existing consent 
expires 2015 

1996 AEE 

2000 peak 
storm 

  

Oxidation pond 2 stage.  
Information possibly out of date 

Discharge to 
farm 
drain/tributary 
Koromatua 
stream 

None (as at time of 
AEE) - stone lined 
passage on discharge 
may count as land 
disposal 

Construction of wetlands and overland flow are considered as 
tertiary treatment options but no costs are given 

Otorohonga 953619 Existing consent 
expires 2012 

Resource consent 
document 1998 and 
annual monitoring 
report 08/09.  

750 dry 
weather             
5000 peak 
storm 

Oxidation pond, treatment 
wetland and rock filled trench 

Discharge to 
Mangaorongo 
stream 

Rock lined trench 
may count as land 
disposal 

  

Tokoroa 930693 Consent expires 
2011.  Looking at 
10 year consent 
period 

Conversation with A 
Pascoe at SWDC 

4000 m3/day 
dry weather or 
6000 m3/day 
wet weather 

Primary settling, activated 
sludge aeration, sandfilter, 2 
digesters and UV 

Discharge to 
Whakauru 
stream 

None The WWTP is situated within the town limits.  Any land purchased 
for land disposal of effluent would have to be outside the town limits 
at a high purchase cost (due to dairy land use) and pumping/piping 
costs 

Cambridge   Existing consent 
expires 2016 

Waipa 10 year plan 
and Waipa 2050 
Base case 
wastewater profile.  
Telecon with B. Shaw 
at WDC. 

  Currently not complying with all 
resource consent conditions 
due to high inorganic nitrogen.  
$15mill upgrade planned for 
2012-2014.  Anaerobic pond, 
aeration lagoon, settlement 
basin, wetlands and rapid 
infiltration. 

RI beds 
adjacent to 
Waikato River 

RI beds RI basins were part of an existing industrial site which Council took 
over.  Costs associated to establish land based disposal therefore 
minimal and associated with refurbishment of existing beds.   

Te Awamutu 103373 Existing consent 
expires 2015. new 
consent under 
application 

Waipa 10 year plan 
and Waipa 2050 
Base case 
wastewater profile 

  Oxidation ponds converted to 
BNR activated sludge plant, 
clarifier, tertiary filter and UV 
disinfection (Unconfirmed) 

Rock filter to 
Mangapiko 
stream 

Rock lined trench 
may count as land 
disposal.   

  

Taupoo 116596 Discharge to land.  
Expires 31/12/2032 

Telecon with E. Ensor 
at TDC 

15,000 m³/d Irrigated to land at View Rd 
and Rakanui 

Irrigation to land Irrigation to land $5,500,000 (1995) 
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Plot of Capital Cost vs Flow for Implementing Land Disposal of Municipal Wastewater
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Figure 1:  Cost curve showing the spread of cost estimates for land disposal schemes in New Zealand.  
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Table 3:  Capital cost summary for land disposal options based on cost curve  

Estimate of Probable Capital Cost ($2010, 

millions) 

Economic 

Zone 

WWTP 

 

Design 

Average Daily 

Flow 

(m
3
/day) Low Med High Notes 

Upper 

Waikato 

Taupoo 4,800 Already has a slow rate irrigation scheme 

Cambridge  Already has a rapid infiltration scheme, with a 

$13.5M upgrade over 5 years begun 

Pukete 

(Hamilton)  

60,000 $47.4 $110 $332 1 

Templeview 750 $1.63 $3.79 $11.4 2 

Middle 

Waikato 

Tokoroa 4,000 $5.90 $13.7 $41.3  

Te Awamutu 4,700 $6.68 $15.6 $46.8 2 

Te Kuuiti 4,200 $6.13 $14.3 $42.9  

Otorohonga 750 $1.63 $3.79 $11.4  

Waipa 

Ngaaruawaahia 2,000 $3.46 $8.06 $24.2 3 

Huntly 1,512 $2.79 $6.50 $19.5 3 

Meremere 160 $0.496 $1.15 $3.47 4 
Lower 

Waikato 

Te Kauwhata 1,100 $2.19 $5.09 $15.3 5 

Total $78.3 $182 $548  

Notes: 

1. These costs vary significantly from those developed under Terra 21 and presented in Table 1.  

Costs used to develop the cost curve are primarily based on slow rate irrigation schemes which 

require a large amount of land. This may be impractical for a large urban centre such as Hamilton.  

The Terra 21 options were based on schemes requiring smaller footprints, which is why the costs 

under Terra 21 are less than those presented here.   

2. Has an existing rock lined channel.  These costs are for a more extensive land disposal scheme 

3. For the Huntly and Ngaaruawaahia WWTPs, the predominant surrounding land use would more 

than likely require any effluent disposed to land to be treated to the Title 22 Standards.  The 

additional cost to treat to this standard is estimated at between $14 and 22 million (as presented 

in the Huntly and Ngaaruawaahia 2009 AEE
 
). 

4. Costs had to be extrapolated from the cost curve due to the low flow 

5. Compare to the costs presented in the 2008 AEE which ranged between $2.8 and $13.8 million 
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Figure 2:  Locations of WWTP discharges in the Waikato River catchment. 
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Operation and Maintenance (O&M) costs will depend on the type of land disposal 

scheme implemented.  Wetlands for example, are low-tech schemes and the 

operation and maintenance costs will be associated with monitoring effluent quality 

and maintaining and renewing vegetation etc.  Other schemes, including SRI are 

more high tech and require continuous monitoring and maintenance of ground 

conditions, automatic control mechanisms, weed control etc.  For all schemes a large 

cost component is for pumping the effluent to the disposal site. The distance to the 

site, the pumped flow and the topography of the rising main route will have a 

significant impact on the power consumption.  

Table 4 summarises the estimates of O&M costs that were available from the 

Waikato WWTP AEEs.  In these cases, the operating cost range from 1-7 percent of 

the scheme capital cost.  At the Masterton WWTP preliminary investigations 

estimated that for SRI schemes the net operating costs, including revenue received 

from selling baleage, ranged from 2-5 percent of the capital cost of the irrigation 

scheme.  

For the purposes of economic analysis, O&M costs for a wetland were assumed to be 

2 percent of the capital cost and for SRI 4 percent of the capital cost. 
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Table 4:  Operating cost summary for land disposal options as reported in AEEs. 

WWTP Order of Annual Operating Costs ($2010) [Percentage of capital cost] 

 Rock 

lined 

channel 

Gravel 

seep 

SI SRI Wetlands RIB 

Hamilton   $700,000  

[5 percent] 

 $140,000  

[1 percent]  

$220,000 

[2 percent] 

Te Kauwhata  $200,000 

[7 percent]  

 $300,000- 

$420,000 

[3-5 

percent]  

$170,000 - 

$190,000        

[4-5 percent]  

$340,000 

[7 percent]  

Huntly Proposed, 

cost not 

given 

     

Ngaaruawaahia Proposed, 

cost not 

given 

     

Meremere     Considered unfeasible, costs 

not given 

Te Kuuiti     Considered unfeasible, costs 

not given  

Templeview     Considered, 

but costs not 

given  
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For the purposes of economic modelling the following scenarios were used (Table 5): 

Table 5:  Modelling scenarios. 

Scenario Description 

1 Based on compliance with existing resource consents.  No additional cost for land 

disposal.  Assume Huntly and Ngaaruawaahia consents for rock lined passage are 

granted. 

2 Based on providing wetland treatment systems for those WWTPs that do not 

already have land disposal schemes (excluding rock lined passages).  The flows 

can be deemed to have come into cleansing contact with the land but will 

ultimately end up in the river.  Assume Scenario 1 for all others.  It is assumed 

that the cost for wetland treatment corresponds to the medium cost from the 

cost curve. 

3 Based on providing RIB or slow rate irrigation for all WWTPs that do not already 

have land disposal schemes (excluding rock lined passages).  It is assumed the 

cost for RIB and SRI corresponds to a high cost from the cost curve. 

 

Table 6 summarises the costs to be used in the economic analysis.  For Pukete 

(Hamilton) and Te Kauwhata the costs from their respective AEEs have been used 

where available.   Where a range of costs have been given for a scheme, the upper 

bound has been used.   

For all other WWTPs where costs have been presented in Table 6, capital costs have 

been taken from the cost curve.  O&M costs are based on 2 percent of the capital 

cost for BMP and 4 percent for EBMP.  All costs are in $2010.  

The timeframe for implementing a land disposal scheme can be relatively long due to 

the consulting and consenting requirements for implementing such a scheme.  The 

initial investigation, option development, consultation and consenting can take 

several years.  The detailed design and construction of the scheme could take 

anywhere between 1 and 3 years depending on the size of the scheme, once consent 

has been obtained. 
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Table 6:  Costs for Economic Modelling Scenarios  

Scenario 2 Scenario 3 Economic 

Zone 

WWTP 

 Capital 

Cost 

($mill) 

Annual 

O&M Cost 

($) 

Capital 

Cost 

($mill) 

Annual O&M 

Cost ($) 

Upper 

Waikato 

Taupoo 
Already has a slow rate irrigation scheme 

Subtotal Upper Waikato $- $- $- $- 

Cambridge Already has a rapid infiltration scheme 

Pukete (Hamilton) $10.6
2
 $140,000 $332 $13,300,000 

Templeview $3.79 $76,000 $11.4 $460,000 

Middle 

Waikato 

Tokoroa $13.7 $270,000 $41.3 $1,650,000 

Subtotal Middle Waikato $28.1 $490,000 $385 $15,400,000 

Te Awamutu $15.6 $310,000 $46.8 $1,870,000 

Te Kuuiti $14.3 $290,000 $42.9 $1,720,000 

Otorohonga $3.79 $76,000 $11.4 $460,000 

Waipa 

Ngaaruawaahia $8.06 $160,000 $24.2 $970,000 

Subtotal Waipa $41.8 $840,000 $125 $5,020,000 

Huntly $6.50 $130,000 $19.5 $780,000 

Meremere $1.15 $23,000 $3.47 $140,000 
Lower 

Waikato 

Te Kauwhata
3
 $5.10 $190,000 $14.6 $420,000 

Subtotal Lower Waikato $12.8 $340,000 $37.6 $1,340,000 

Total $82.7 $1,670,000 $548 $21,760,000 

 

                                                      
2 This is for a habitat wetland adjacent to the treatment plant which will not treat the full effluent 

stream, but does provide contact with the earth. 
3
  Te Kauwhata already has a wetland, but it is not performing well.  The cost presented here is to 

construct new wetlands. 
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Appendix 15: Water Allocation 

1. Introduction 

Until recent times, the Waikato region generally (with the exception of the Pukekohe 

region) has not had major issues allocating water, with relatively high water 

availability and modest demand (Enivornment Waikato, 2005).  However, as stated in 

Enivornment Waikato (2008), “in recent times the method by which surface and 

ground water is allocated in the region has come under increasing scrutiny and 

sometimes criticism from both political and technical perspectives. The Ministry for 

Agriculture and Forestry and Ministry for the Environment (2002) recently projected 

a 202 percent increase in demand for irrigation water by 2010 in the Waikato region 

(an increase of 9,100 hectares over the present 4,500 hectares of irrigated land). In 

addition, there is also an increasing demand for water for community supplies, 

industry and stock water supplies. More and more frequently issues of resource 

scarcity and the equity and fairness of the present allocation strategies are being 

questioned in consent hearings and before the Environment Court.” 

The key issue around water availability for the purposes of this Study is that policies 

and rules about minimum flow supports restoration actions, particularly in respect to 

ecological flows and assimilative capacity of water (e.g., dilution of contaminants).  

2. Water takes 

As decscribed above, there is the general recognition that in many parts of the 

region, demand for surface water and ground water resources exceeds, or has the 

potential to exceed, surface and groundwater resources to sustainably meeting 

demands. Therefore a carefully managed water allocation regime is necessary. 

The proposed variations to Policies and Rules in the Regional Plan Variation 6 (RPV6) 

addresses many of the implications of water take in respect to restoration.  These 

include the implications for ecology, assimilative capacity and dilution of 

contaminants, tangata whenua values, water supply, efficient use of water, 

hydroelectric power generation, water contamination, holistic management and 

cumulative effects (Environment Waikato, 2008).   

Policies and rules establish allocable and environmental flows from surface water 

and how surface water will be allocated. Priority for consideration for allocation has 

been given to water for domestic and municipal supply and replacement of existing 

water takes.  Rules and policies have been set to ensure that water is available to: 
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• Meet the reasonable needs of individual and communities. 

• Ensure ontinued water is available for renewable energy generation. 

• Ensure water is available for in-stream requirements (i.e., ‘ecological flows’) 

during water shortages and droughts. 

• Ensure consideration is given for sediment transport, flushing and erosion. 

• Ensure that decisions on water allocation take account of the contaminant 

assimilative capacity of water bodies and take into account tangata whenua 

values, including mauri of the water.  

Policy and rules are also included which manage the use of water, to ensure the 

efficient use of water, so that where water is in high demand, water use is maximised 

and wastage is minimised.  In addition there are restrictions around the use of water 

for crop and pasture irrigation in the catchment of the Waikato River above the 

Karaapiro Dam and in the catchments of some peat and riverine lakes and wetlands. 

Consents require nutrient plans because the use of water for crop and pasture 

irrigation can result in increased discharges of  nutrients to either surface water or 

ground water.  These rules benefit the water quality and sustainability of shallow 

lakes and wetlands.  

With controlled or discretionary takes, Environment Waikato reserves control over a 

number of matters including the following of direct relevance to restoration:   

• Measures to satisfy the intake screening requirement to protect aquatic 

fauna. 

• Effects on any waahi tapu or other taonga. 

• Effects on the relationship of tangata whenua and their culture and traditions 

with the site and any waahi tapu or other taonga affected by the activity. 

• Effects on the ability of tangata whenua to exercise their kaitiaki role in 

respect of any waahi tapu or other taonga affected by the activity. 

Overall, the Study team concluded that RPV6 covers most of the implications of 

water take on restoration. There is one exception – it is described below.  

3. Land use change 

Low flows are are not only affected by water takes but also by land use change. This 

is not explicitly stated in RPV6.  Appendix 24: Flow Effects concludes that land use 

change between forest and pasture alters the flow regime because vegetation type 
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affects evaporation, interception losses of incident rainfall and soil moisture, which in 

turn affects runoff and grioundwater recharge. Changes in flow have additional 

implications for sediment and nutrient yields and resulting water quality, asimilative 

capacity, flushing sediment transport, flooding and instream habitat.  They will also 

affect the availability of water for water take and power generation. 

A review of relevant information available indicates that major land use change from 

pasture to forestry will reduce low and flood flows substantially (see Table 1). Both 

pine or native afforestation of catchments reduces runoff, but the impact of land use 

change to pine forest appears to be in the order of 5 times greater than native forest 

(see Table 1).  Riparian forests have a small but possibly significant effect as well. 

Table 1:  Effects of land use change on flows. 

Action Low flow Annual runoff 

reduction 

Maximum flood 

flows in < 100 km
2
 

catchments 

Pine afforestation of pasture minus 50% minus  300-400 mm 

(~35-45%) 

minus 30% (~5-50%) 

Native restoration of pasture plus 10% minus 70 mm (~7%) minus 20% 

15 m native riparian buffers minus 3% minus 30 mm (~3%) minus 10% 

5 m riparian buffers minus 1% minus 10 mm (~1%) minus 3% 

Wetland restoration effect 

per 1% increase in catchment 

area as wetland  

plus 8% nil minus 4% 

Therefore, the impact of land use change and riparian planting may need to be 

considered in deciding water takes. Default allocable proportions of total flow are 

given for catchments in the Waikato Region in RPV6 (Environment Waikato, 2008). 

The allocable flows are based on environmental flows and are typically within the 

range 0–30 percent of the one-in-five-year 7-day low flow (Q5).
1
  Land use change 

from pasture to pine and native forests and extensive riparan planting may reduce 

Q5 (see Table 1). This needs to be considered when classifying water takes as 

controlled, restricted discretionary, discretionary or non-complying activity, and in 

calculating Q5 used to define environmental flows and allocable flows.  

5. Recommendations 

The Study team recommends the following targets be set for water allocation: 

                                                      
1
 The stream flow at any point that has a 20 percent chance of occurring in any one year (or a likelihood 

of occurrence of once in every five years, also termed a ‘5-year return period’). The Q5 is calculated 

from the lowest seven consecutive days of flow in each year. 
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• The Waikato River Authority keeps a watching brief on the ratification of 

RVP6 to ensure all proposed variations are included in the Regional Plan. 

• Targets defined under Section 4.2.7 to improve water quality should be used 

when considering the effect of takes on the assimilative capacity of water 

bodies. 

• Setting of environmental and allocable flows takes into account potential 

land use change under any funded restoration actions, in particular changes 

from pasture to exotic or native forests and creation of riparian forests.   
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Appendix 16: Rural Water Supply 

1. Overview 

Rural water supplies are currently compromised through high nitrate in groundwater 

and poor quality of surface (stream) waters. There is also the risk of contamination of 

groundwater through improper use of pesticides.  This is an issue of concern in the 

Waikato River ctachment. These are discussed below. 

1.1 High nitrate concentrations 

The high nitrate concentrations are mainly located in dairying catchments and reflect 

high nitrate leachate from intensively grazed pasture. In many areas groundwater 

quality is declining due to
1
: 

• An increase in the amount of waste water discharged onto land – to about 

460,000 m3/day. 

• Increased use of nitrogen fertiliser. 

• A doubling of stocking rates over the last forty years as animal waste from 

intensive farming contaminates groundwater with nitrate. 

1.2 Faecal contaminations  

Faecal contamination of waters is discussed in Appendix 10: Pathogens. 

1.3 Pesticides 

There is a risk of groundwater contamination by pesticides. Large quantities of 

pesticides are used in the Waikato River catchment. Environment Waikato surveys 

found that 335 tonnes of herbicide, 84 tonnes of insecticide and 155 tonnes of 

fungicide were used annually between 1985 and 1987
2
. 

Most pesticides break down at the surface or in shallow soil, but some mobile and 

persistent chemicals reach groundwater. In 1995, Environment Waikato investigated 

pesticide occurrence in groundwater at well sites where these chemicals were in 

regular use and the aquifers were considered vulnerable (Hatfield and Smith, 1999). 

                                                      
1
 http://www.ew.govt.nz/Environmental-information/Groundwater/ 

 

2
 As above. 
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Pesticides were detected in groundwater at 74 percent of this 'worst case' selection 

of 35 wells. Of the 20 different compounds detected, only dieldrin from sheep dip 

sites exceeded the drinking water guideline. 

More recent surveys of 40 randomly-chosen community supplies and 40 regional 

supplies considered potentially susceptible to contamination show that
3
: 

• Pesticides are contaminating some groundwater (about 10 percent of 

randomly-chosen community supplies surveyed). 

• The concentrations of most pesticides detected are well below drinking 

water guideline levels, but the Ministry of Health’s Maximum Allowable 

Concentration was exceeded for one pesticide in one community supply in 

2004.   

• Pesticides are more likely to be found in vulnerable, shallow, unconfined 

aquifers where use of relatively mobile and persistent pesticide chemicals is 

high, as shown in the regional survey of potentially susceptible supplies.  

Most pesticide contamination is because of poor management practices and 

historic use. 

Health and environmental concerns have increased awareness of the need for careful 

pesticide management and have led to a decrease in use nationally in the last two 

decades. Also, much less persistent chemicals are now being used that more readily 

degrade to less environmentally harmful compounds.   

3. A description of prioritied actions 

On-farm management of nitrate contamination actions (outlined in Appendix 9: 

Farms) would reduce nitrate leaching as illustrated below (see Table 1).  

 

                                                      
3
http://www.ew.govt.nz/Environmental-information/Environmental-indicators/Inland-

water/Groundwater/gw2-keypoints/ 
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Table 1:    Impacts of on-farm management on nitrate leaching under an assumed infiltration 

rate of 400 mm/y. 

 Current practice Option 1 Option 2 

Nitrate leaching rate (kg/ha/y) 39 17 15 

Rainfall infiltration rate (mm/y) 400 400 400 

Nitrate concentration in 

groundwater (mg/L) 
9.8 4.3 3.8 

The estimates in Table 1 are only approximate because nitrate concentrations 

depend on many processes and other factors.  Present day nitrate levels under 

dairying typically approach the Water Quality Guideline of 11 mg/L. The estimates 

indicate that these on-farm management techniques will ‘arrest’ the trend for higher 

nitrate in groundwaters provided dairy intensification through increased stocking 

does not occur.  Note that because of other factors some groundwater may still 

exceed the Water Quality Guideline of 11 mg/L, and so drinking water supply wells 

must still be tested and, if necessary, water treatment installed or alternative water 

supplies found.   

Restoration actions to reduce fecal contamination of streams (fencing, riparian 

buffers, runoff controls) will substantially reduce the risk associated with drinking 

untreated surface waters, but will not eliminate them altogether because of feral 

animals (e.g., birds, possums), stock fence and effluent irrigation failures and  

contaminated surface runoff still reaching streams in some situations. Therefore, 

surface water will still need to be treated to eliminate that risk.   

Environment Waikato is undertaking the following actions in respect to pesticide 

contamination
4
:  

• Research and monitoring (as described above) to better understand pesticide 

contamination of groundwater in the Waikato River catchment. A range of 

information has been developed, including risk assessment tools and fact 

sheets.  

• Encouraging farmers and other users of pesticides to use New Zealand 

Standard for Agrichemical Users Code of Practice known as Growsafe, to 

encourage careful application, storage and disposal of chemicals, especially 

around wellheads and water supply infrastructure.   

                                                      
4http://www.ew.govt.nz/Policy-and-plans/Regional-Policy-Statement/Regional-Policy-Statement-

Review/RPSdiscussiondocument/2-Community-wellbeing/27-Hazardous-substances-and-contaminated-

land/ 
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• There are a number of rules and policies related to pesticide use. They 

include the promotion of land-use practices that minimise pesticide residue 

leaching and soil contamination.  

• Helping develop national guidelines for the management of contaminated 

sheep dip sites. 

The most important actions in respect to drinking water supplies and pesticide 

contaminantion is the safe and responsible use of pesticides and monitoring 

potential legacy issues. The Study team concludes that the actions currently 

being undertaken by Enviornment Waikato appear appropriate to address the 

potential risks.   

4. References 

Hadfield, J.C.; Smith, D. (1999). Pesticide contamination of groundwater in the 

Waikato Region. Environment Waikato Technical Report 1999/9. Environment 

Waikato, Hamilton. 
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Appendix 17: Marae Water Supply 

1. Introduction 

There are approximately 67 marae within the Waikato and Waipa River catchments 

that have been identified as lacking access to a reticulated treated drinking water 

supply. The tribal affiliations of these marae and their distribution within the various 

zones of the Waikato and Waipa catchments are shown in Table 1.  

Table 1:  Estimated number of marae with non-reticulated water supplies. 

Zone Estimated number of marae 

Lower Waikato 15 

Waipa 27 

Middle Waikato 17 

Upper Waikato 8 

Total 67 

 

The exact size of these marae is unknown, but it can be assumed that an average 

marae may have a population as follows: 

• 10-20 people on a daily basis  

• 200-400 people once a month  

• 2000+ people four or five times a year  

Because of the range of numbers that might be present on a marae at any particular 

time, it is assumed that water supply planning should be based on a once-a-month 

sized event. For larger events, tankered water (from a municipal supply meeting 

national drinking water standards) will need to be brought in to meet demand and to 

match the quality standards.   

A per person water consumption rate of 400 L/person/day has been assumed, 

though this is probably generous. Per capita water demand at marae is typically 

lower than for residential dwellings. Visitors to the marae, for example, do not 

necessarily expect to bathe as frequently or wash their clothes as often as they do at 

home. Water is mainly used for drinking, food preparation, washing hands, and toilet 

flushing.   
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For most marae a ‘point of entry’ type water treatment system will be suitable. A 

reliable source of raw water is required and the system treats the water as it enters 

the site.  

2. Goals  

The majority of New Zealanders, most of them Maaori, on average visit marae as 

their primary Maaori cultural experience, (Statistics New Zealand and Ministry for 

Culture and Heritage, 2003). Of the three Maaori cultural activities experienced 

during the 12-month reference period prior to this study, the most popular was 

visiting a marae, with 543,000 people, or one in five New Zealand adults, having done 

this. Over a 12 month period 25 percent of people living in the Waikato region visited 

a marae. 

With the marae as the centrepiece of Maaori community life, a reliable and safe 

marae water supply was identified as a priority by the five river iwi (NIWA et al., 

2009). While the typical day to day marae population may be relatively small, there 

will be times (e.g., hui and tangi) where large groups may gather. During these times, 

the water supply and other sanitary services come under pressure. The goal is that 

these communities have access to safe drinking water (meeting the national drinking 

water standards) at all times.  

3. Actions 

In the absence of access to a reticulated treated water supply a suitable standard of 

treatment can be achieved by a locally available water treatment plant (WTP) 

package. A range of cartridge filtration/UV disinfection WTPs are available with 

capacities able to meet the needs of marae with monthly gatherings of 108 to 612 

people.  

If properly operated and maintained package WTPs should provide water of a 

sufficient standard and maintenance is relatively simple. The recommended action 

therefore is that WTPs are installed at all marae. 

4. Risks and probability of success 

The recommended WTPs are suitable for the numbers expected at a typically sized 

monthly marae gathering. At larger events tankered water will need to be brought in 

to cope with demand. It is uneconomic to design a water treatment system for large 

gatherings of people when it will be used relatively infrequently. Also, such large 

sudden demands on a water source such as a spring or well can cause flowrates that 

will draw contaminants into the supply from the surrounding soils.  
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The reliability of a WTP relies on regular maintenance. A member of the local 

community will need to be trained to carry out day-to-day maintenance of the plant, 

including changing the filters. If the plant is not properly maintained drinking water 

quality declines.  

A reasonable standard of source water has been assumed to be available at all 

marae. If the source water is of poor quality (e.g., has high turbidity or high 

concentrations of heavy metals or other contaminants) more extensive treatment 

may be required to bring the water to the same quality (at an additional cost). 

Sources with slightly elevated turbidity may result in higher operating costs, due to 

the need to replace filters more frequently as they become clogged.  

If the water source is not close by there will be additional costs associated with 

piping the water to the marae.  

It is assumed that the amount of water able to be supplied to the marae is limited by 

the water treatment plant, and not by the amount of raw water taken from the 

source (e.g., in summer, low river flows will not restrict the amount of water treated 

and supplied to the marae).  If the reliability of the source is not good, the marae 

may have to rely on other water sources (e.g., tankered water) during times of short 

supply.  

5. Costs and Timelines 

The following cost estimates has been based on an average monthly population of 

360 people. This will not be appropriate for some marae where the average size of 

monthly gatherings could be smaller or larger. Also, costs have been based on the 

assumption that the raw water supply is of a reasonable quality. The actual costs may 

vary on a case by case basis due to differing raw water qualities. 

The WTP package includes the following: 

• Raw water pump, turbidity meter and settling tank. 

• Multimedia sand filter. 

• Cartridge pre-filter and filter. 

• UV disinfection unit. 

• Chlorine storage tanks and dosing equipment. 

• pH correction filter. 

• Installation. 
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• Three days treated water storage. 

The cost estimates in Table 2 are based on figures provided by a local WTP supplier 

who specialises in the supply, installation, commissioning and servicing of water 

treatment equipment. Note that the cost estimates are GST exclusive.   

Table 2:  Costs for a package WTP suitable for marae use. 

People attending a monthly event 
Item 

108 234 360 612 

Capital Cost per package plant $38,400 $73,100 $106,200 $143,000 

Preliminary and General (12%) $4,600 $8,800 $12,700 $17,200 

Design (5% as package plant) $2,200 $4,100 $5,900 $8,000 

Contingency (30%) $13,600 $25,800 $37,400 $50,500 

Total Capital Cost $60,000 $112,000 $160,000 $218,000 

Annual Operating Cost $2,000 $4,200 $6,300 $16,100 

 

The total costs to construct package WTPs at all marae within the Waikato/Waipa 

catchment are given in Table 3. It is likely to take 3 to 6 months from time of order 

for a WTP to be installed.  

Table 3:  Cost estimates for providing marae WTPs (based on a monthly gathering size of 360 

people). 

Zone 
Item 

Lower Waipa Middle Upper 

Estimated number of marae 15 27 17 8 

Cost per package WTP  $106,200 $106,200 $106,200 $106,200 

Annual operating cost per package plant $6,300 $6,300 $6,300 $6,300 

Subtotal $1,590,000 $2,870,000 $1,810,000 $850,000 

Preliminary and General (12%) $191,000 $344,000 $217,000 $102,000 

Design (5% as package plant) $89,000 $161,000 $101,000 $48,000 

Contingency (30%) $561,000 $1,013,000 $638,000 $300,000 

Total Capital Cost $2,430,000 $4,390,000 $2,770,000 $1,300,000 

Annual Operating Cost $95,000 $1,700,000 $107,000 $50,000 
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6. Uncertainties and information gaps 

NIWA is leading a research programme on “Ecotechnologies for sustainable 

wastewater management for Māori communities”. Although the primary focus of this 

research is the development of appropriate wastewater treatment systems for 

marae and papa kaainga, some of the information gathered (e.g., marae usage, 

occupancy numbers, and water usage) would be useful in the planning for marae 

water supplies. This programme will also provide training for Maaori to undertake 

water usage monitoring; provide decision support tools that identify water and 

wastewater management options that align with the cultural, health and 

environmental sustainability aspirations of Maaori; and provide educational 

materials (e.g., on water conservation) specifically for marae communities. This 

research programme is due to be completed by October 2012 but some of the data 

relevant to marae water supply planning should be available by July 2011.  

The costs for WTP installation could be refined if typical daily and peak monthly 

population figures could be provided for all of the marae within the catchment which 

lack reticulated water supplies.  
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Appendix 18: Urban Stormwater 

1. Introduction 

This paper examines the impacts of urban stormwater on receiving waters and 

assesses potential actions for the Waikato River catchment to remedy those impacts. 

In urban areas, stormwater flowing off surfaces such as roads, pavements and roofs 

can contain elevated levels of a range of pollutants including vehicle fuel and oil, 

heavy metals, rubbish, fertilisers, pesticides and fine sediment. This stormwater can 

cause adverse effects when it enters the streams and rivers flowing through an urban 

area, as has been described for Hamilton streams (Williamson, 2001; Collier et al., 

2008) and comprehensively studied in Auckland streams (as reviewed in Mills and 

Williamson, 2009).  

As well as the effects of the quality of stormwater, urban streams may also be 

affected by higher flows during rainfall, and sometimes lower flows during dry 

weather.  Channels may be extensively altered physically by channelisation and 

culverting, disruption to fish passage and loss of riparian vegetation. Thus these 

aquatic ecosystems may be affected by a large number of stressors including 

increased light levels, deposition of fine sediments and elevated turbidity, physical 

changes, high (and low) flow, and presence of toxic contaminants. The effect that this 

has on stream ecology is decreased biodiversity with fewer species of fish and 

invertebrates and dominance by a few tolerant species, and sometimes higher 

concentrations of algae and more macrophytes. This has found to be the situation for 

Hamilton’s urban streams (Williamson, 2001; Collier et al., 2009).  Stormwater can 

also affect larger aquatic systems such as lakes and large rivers but the impacts are 

mainly associated with contaminants and fine sediment (Williamson, 1999; NIWA, 

2001).   

The severity of the effect that stormwater runoff has is usually proportional to the 

area of urban land use directly connected to the receiving water. This can be 

measured as the percentage of the catchment with impervious cover (%IC) and has 

been shown to be a useful predictor of potential impacts of urbanisation on stream 

health (ARC, 2004). It has been found, both overseas and in New Zealand, that 

catchments with <10 %IC can support aquatic communities that are largely 

unmodified (Stark, 2006). This can vary from site to site depending on local 

differences in instream habitat and riparian quality. When %IC increases beyond 10 – 

15 percent it is common for stream health to be affected. Beyond 25 percent, 

streams can become highly modified. This is consistent with the findings of a recent 

study of Hamilton City streams (Collier et al., 2009). Within the Waikato River 

catchment, the extent of aquatic habitat degradation caused by urban stormwater 

will be confined to a relatively small area because the proportion of the streams and 
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rivers that have more than 10 %IC in their catchment area is relatively small. As a 

consequence the effect on larger water bodies is relatively minor.  For example, the 

effect that Hamilton has on the Waikato River will be highly localised to where urban 

streams discharge into the main stem (NIWA, 2001), because contaminant 

concentrations and flow effects are likely to be rapidly diluted and attenuated 

(Williamson, 1999).   

Urban stormwater discharges from other towns along the Waikato River (i.e., 

Cambridge, Huntly, Ngaaruawaahia, and Tuakau) are also unlikely to have any 

significant widespread impact. Te Awamutu may have minor effects on the 

Mangawhero but Otorohanga is unlikely to have any significant widespread impact 

on the Waipa River.  However, all these towns will have impacts on any small streams 

in these urban areas or on streams flowing through the town where urban landuse 

forms more that 10 – 25 percent of the catchment area.   

2. Actions 

It has been suggested that urban stream restoration needs to focus on actions within 

the catchment itself rather than instream or riparian habitat (Roy et al., 2006). 

Drainage systems need to be designed to reduce the amount of impervious surface 

area causing stormwater to flow directly into urban streams through stormwater 

pipes by maximising runoff detention, infiltration and off-channel retention of water 

(Taylor et al., 2004; Walsh 2004; Walsh et al., 2005) but at the same time still serving 

their primary function of flood control. This has multiple benefits: reducing 

stormwater runoff volumes, increasing infiltration (and hence low flow), reducing the 

mobilization and transport of contaminants to receiving waters and reducing 

instream erosion and the need for channel works to safely convey high flows.  

Appropriate technology can be implemented with relative ease in many new 

developments, but there are obvious difficulties and costs associated with 

retrospectively disconnecting stormwater systems. There is a growing trend in New 

Zealand to implement these designs in new developments. The major issue is the 

slowness with which these measures and new technologies are adopted by territorial 

authorities. 

Older urban areas pose the biggest challenges for effective management of 

stormwater as it is technically difficult and costly to retrofit environmentally-sensitive 

design and treatment. Local authorities are deterred from using these new 

technologies and methods because of the extremely high cost and the uncertainty of 

the significant benefits which might accrue. Based on cost estimates of about $11b 

(in 2004) to meet stormwater goals for the greater Auckland area (Infrastructure 

Auckland 2004), comprehensively addressing stormwater impacts in Hamilton and 

regional towns would be estimated to cost around $1b.  
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In older urban areas, where options for catchment management options are more 

limited and expensive, some impacts can be addressed in the receiving waters. Gully 

restoration in Hamilton has been achieved at relatively low cost and produced clear 

environmental benefits for local streams.1 Restoring natural vegetation and fostering 

native terrestrial biodiversity in the gullies of Hamilton City has also linked terrestrial 

restoration with the protection and enhancement of aquatic values (Clarkson and 

McQueen, 2004). 

A recent study has examined restoration options for the aquatic habitat and fauna of 

Hamilton City streams (Collier et al., 2009). The four tributary stream/gully systems in 

the city have been recognised as major geomorphological features and part of 

Hamilton’s character (Wall and Clarkson, 2001; Clarkson and McQueen, 2004). They 

have a combined length of about 120 kilometres and form 8 percent (750 hectares) 

of the city’s area. The headwaters of these streams lie outside the city boundaries in 

farmland and water quality is therefore affected by both rural and urban runoff, as 

well as groundwater inputs containing high iron concentrations (Williamson, 2001). 

Collier et al., (2009) found that the occurrence of macroinvertebrates (e.g., insects, 

snails, and kooura) indicated that stream habitat in the city ranged from poor to 

good, and occasionally very good. They also supported a reasonably diverse fish 

population. Shortfinned and longfinned tuna were reasonably common, while giant 

and banded kookopu, iinanga, and smelt were found at 2-6 sites in the city.  

Factors impacting restoration actions considered included:  

• Cities are where people interact with biodiversity most often, so restoration 

of urban streams was considered a priority. 

• Restoration appeared to be constrained by hydrology and possibly by 

contaminants.  Minimising the connection between urban streams and 

impervious area was seen as high priority for protecting high-value streams 

and seepages.   

• The presence/absence of animals indicated that riparian planting to provide 

shade, organic matter, and woody debris would be beneficial.  However, 

because of potential flooding issues, the addition of wood debris would need 

to be handled carefully.  (The ongoing gully restoration will hopefully fully 

utilise riparian planting as a management technique).   

• There were 46 barriers to fish migration created by poorly-positioned road 

culverts.  However, there is the danger that removing the barriers would 

allow ingress by troublesome pest fish, so fish ladders may be the preferred 

option.   

• Restoration of fish communities was seen as challenging – apart from 

restoring passage and riparian vegetation as described above.  Rather, the 

                                                      
1
      http://www.gullyguide.co.nz/files/Gully%20Book%20Mar%2007.pdf 
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addition and enhancement of iconic native species (e.g., giant kookopu) was 

seen as attainable goal, by introducing farm-raised species.   

Hamilton City Council and Environment Waikato have made considerable progress in 

the management of Hamilton’s urban stormwater. As a result additional attention to 

urban stormwater does not need to be a high priority. There is already sufficient 

guidance and technology available for local authorities to continue to address 

stormwater issues in new subdivisions. If these were carried out then there should be 

a good fit with other restoration activities in the Waikato River catchment.  The Study 

team concluded that given that there are sufficient means available to address new 

urbanisation in the Waikato River catchment urban stormwater impacts in new areas 

should be a relatively low priority for the Waikato River Authority, compared with 

other issues considered. 

However, the issue of comprehensively addressing the impact of existing urban areas 

is very challenging and expensive. Comprehensively retrofitting urban-sensitive 

designs or stormwater treatment devices in older areas, so that runoff volumes, flow 

rates and contaminant levels are reduced to levels that do not seriously impact 

streams is possible but will be very costly. 

In older urban area, the Study team recommends the following actions: 

• Restore stream and riparian habitat to the extent possible and investigate 

means to increase aquatic life (e.g., restocking iconic native species). 

• Restore fish passage, by using devices that allow the passage of climbing 

glaxiides but not pest fish. Where these are installed eliminate pest fish 

upstream and restock with iconic native species.   

• Reduce runoff volumes and flows by encouraging controls at the source (e.g., 

financial incentives for land owners to slow and treat runoff).  These could 

also include incentives that reduce runoff rates by encouraging the reduction 

in impervious areas, the implementation of ground soakage (where possible) 

and installation of simple on-site treatment (such as rain gardens).  Because 

there are risks associated with these measures, it is essential that there is 

clear guidance available (e.g., ‘how to’ and ‘where to’ handbooks). 

• Continue, and enhance, education programmes for the community about 

connectivity of urban areas to waterways and the danger created by disposal 

of wastes on impervious areas and stormwater systems.  

• Continue, and enhance, inspections of businesses (and their stormwater 

systems) that store and use substances that could contaminate stormwater, 

especially those businesses that fall within those categories recognised as 

potentially hazardous (on the Hazardous Activities and Industries List2). 

                                                      
2
 http://www.ew.govt.nz/Environmental-information/Hazardous-substances-and-contaminated-

sites/Contaminated-sites/Managing-contaminated-sites/ 
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These actions would restore aquatic resources in areas where people interact with 

biodiversity most often.  While they will not result in full restoration, the measures 

are comparable with those proposed for the wider, and much larger, rural 

environment (e.g., see Appendix 11: Riparian Aesthetics). There would be restoration 

of 1st and 2nd order streams comparable with riparian planting in pasture land, 

enhancement of aesthetics and access, restoration of banded kookopu, tuna habitat, 

and other taonga species, as well as addressing education and engagement.  The 

Study team concluded that while these measures are largely the responsibility of 

town and city councils, the Waikato River Authority could work with councils to 

expand restoration activities to include taonga species.  In addition, the links 

between restoration in ‘town and country’ should be part of the Waikato River 

Authority’s education and engagement programmes.   
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