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Figure 42 Examples of current drainage management of both a small lateral drain (A) that 
feeds into the larger Kaituna Road Drain (B). Also shown is the Bell Road Drain 
(C), where all riparian vegetation has been sprayed. Note the total lack of shade 
along these drains, plus the recently sprayed grass. Note also the line of small 
shrubs along the left (north) side of the Kaituna Road Drain (B) as part of a trial 
of to increase riparian shade by BOPRC. 

Implementation of a targeted programme of improved drain maintenance by BOPRC in the 
Kaituna Catchment could thus be a first step in dealing with issues identified by Park (2016) in 
reducing the input of nutrients, sediment and E. coli into both the Kaituna-Maketu and 
Waihī estuaries. They could also serve as impetus for more work to be done on the many smaller 
lateral tributaries that flow into the council-maintained drains as well. More importantly, there 
could also be demonstrable ecological benefits in the larger drains through increased shading 
and reduced macrophyte growth, as well as potential reductions in stream temperature. These 
two factors may lead to increases in dissolved oxygen levels. 
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The following discussion is an initial exploration of potential options that could be considered to 
mitigate the effects of intensive farming practices on water quality and ecological conditions in 
DWQ drains and MEV land drainage canals. Some are more tried and tested than others, and it 
is these that require more extensive feasibility assessment to assess their value in improving the 
ecological condition of these waterways. Finally, reducing land use intensification is also an 
obvious way to potentially mitigate adverse effects on waterways, but this is outside the scope of 
this discussion. 

Overall drain management 

It may be possible to implement specific interventions such as those outlined in the Dairy New 
Zealand (2016) report to minimise some of the dominant stressors found within the drainage 
network (Figure 43). McDowall et al. (2013) also reviewed current mitigation strategies designed 
to reduce contaminant losses of nutrients, sediments and E. coli from productive agricultural land 
to freshwater. In their report, they highlighted the disproportionate effect of dairy farming on total 
nitrogen loads into streams. For example, dairy farming contributes approximately 38% of total 
nitrogen load into streams despite covering only 6.8% of land area. Although dairy farming is not 
the only activity undertaken in the Kaituna and Rangitaiki Plains, it nevertheless makes up a 
significant proportion of this area. A number of potential mitigation measures identified in the 
McDowall et al Report could thus be used among the drainage network in the Kaituna and 
Rangitaiki Plains, including: 

• Constructed wetlands. 

• Natural seepage wetlands. 

• Stream fencing. 

• Vegetated buffer strips. 

• De-nitrification beds. 

• Dams and water recycling. 

• Weed harvesting. 

• Floating wetlands. 
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Figure 43 Conceptual diagram showing potential mitigation measures (green circles) that could be employed to mitigate the adverse effects of the 
current management practices of the drainage network. 
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The McDowall et al (2013) report clearly outlines the different effectiveness, costs, and co-
benefits of each of these potential mitigation measures. Measures such as using natural seepage 
wetlands and denitrification beds have high efficiencies at removing TN, but also have very high 
relative costs. Constructed wetlands have slightly lower relative costs for the same efficiency, but 
often require large areas to be effective, which may not be practical around many of the drains, 
unless suitable land can be bought at the base of selected catchments. They are also mainly 
effective only during base median flows, when load contribution is typically low. Constructed 
wetlands also decrease flow rates and increase the contact time of water with vegetation, 
allowing for nutrient uptake by plants and biofilms. This, however, is counter to one of the main 
purposes of drains, which is to quickly and efficiently remove excess water from the catchment. 
However, wetlands can also serve as useful flood mitigation devices by holding back excess 
water, so they may have benefits in some areas. 

In contrast, other mitigation methods such as stream fencing or irrigation of the land with the drain 
water (i.e., water recycling), can have a large effect at mitigating phosphorus losses to water at 
the farm scale for a relatively small cost (McDowall et al 2013). It may be thus possible to 
encourage more farmers to irrigate with drain water during summer, as this may allow more 
uptake of nutrients by plants and require less fertiliser to be applied to the land. 

Riparian planting 

Stream fencing and the provision of larger riparian areas would also have benefits in terms of 
providing shade, thus reducing in stream plant growth (e.g., Dawson 1986, Johnstone 1986), and 
potentially reducing microbial decomposition rates, leading to increased oxygen levels (Figure 
43). It may even be possible to provide incentives to farmers to increase the size of riparian 
margins around drains if they can plant some form of cash crop that can both help protect water 
quality and provide some form of financial return. Potential plants to be used for this could include 
flax, watercress or mānuka. Plants such as watercress in particular, would be expected to grow 
well under the high nutrient and high light conditions characteristic of the drains, and these could 
be used to generate some income from the relatively small area lost due to increased riparian 
margins, although care would be needed to minimise any bacterial contamination of any 
harvested material. These plants could also be utilised as part of constructing floating wetlands, 
which are also known to have beneficial effects on improving water quality in some systems. 
Note, any riparian planting around drains need not necessarily be done along their entire length; 
instead planting could be done in discrete patches associated with critical source areas, or along 
a single (north facing) side of a waterway. In this way, a drain will receive the benefits of shade, 
but access could still be maintained for mechanical removal of excess plants, or accumulations of 
sediment. 

Extent of planting and planting density need to be matched to purpose, e.g., to achieve expected 
level of shade. Plant choices also depend on factors like bank instability and the need for bank 
battering. Ideally, any riparian planting and improvements by Council should be appropriate for 
purpose and a monitoring programme should also be implemented to assess the long term 
impacts on water quality and ecology. The results of such monitoring programmes would be 
important to feed into other further trails implemented to maximise riparian planting and minimise 
stream shade and macrophyte growth. 

Providing shade to drains will not only decrease macrophyte growth, but also lead to less severe 
diurnal variations in oxygen concentration (Wilcock and Nagels 2001). Macrophyte beds also 
reduce near bed velocities in their midst (e.g., Riis and Biggs 2003; Bell et al 2013), and this 
leads to sediment accumulation (Lamsodis et al 2006). If macrophyte cover can be reduced 
through shading, then less sediment should accumulate within the drains. Moreover, provision of 
shade through riparian planting is also likely to reduce sediment inputs into the drains in the first 
place (McDowall, Wilcock et al. 2013). Thus, shade will serve multiple functions in reducing 
stressors such as high temperature, large diurnal oxygen fluctuations and sediment 
accumulation. 
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Macrophyte management 

Macrophytes can be an important component of stream ecology, but excess macrophyte growth 
characteristic of many of the drains is a major stressor on their ecology. As such, macrophytes 
are regarded as keystone species in drains, in that their presence exerts large effects on 
ecosystem processes, ranging from increasing sedimentation rates (Lamsodis et al. 2006) 
through to lowering dissolved oxygen (Wilcock and Nagels 2001). On the other hand, 
macrophytes are beneficial in that they can provide attenuation of sediment within drains, a role 
that wetlands had before the plains were drained. Furthermore, they represent one of the few 
stable habitats in soft-bottom systems where wood is missing (e.g., Collier 1995; Bell et al 2013). 
Given this, it is important to manage macrophytes to reduce their biomass in drains, but not 
completely remove them. Improved management of macrophytes in the drains is therefore 
considered of key importance in any efforts to improve ecological conditions within the drainage 
network. However, any decisions to manage macrophytes needs to recognise conflicts between 
often competing values of the drainage network. The current management practices appear to be 
focusing purely on maximising hydraulic efficiency, leading to the current conditions of little (if 
any) riparian vegetation, minimal shade, and resultant high macrophyte cover. 

Alternative management strategies may in future rely on strategies such as riparian planting to 
maximise shade, as well as minimise nutrient and sediment inputs into the drains. Under such 
conditions, macrophyte proliferations may not be as extensive and resultant dissolved oxygen 
fluctuations may be less. There may also be even less sediment entering the streams, as this is 
intercepted by riparian vegetation. Under such a scenario, it may be possible to achieve both 
drainage functions, as well as ecological functions. 

Flow management 

Another potential mitigation measure that could be employed to improve ecological conditions in 
the drains is to increase water movement. This could be done by a combination of installing fish 
friendly floodgates that can allow cleaner water to flow into the drains at high tide, and then flow 
out again at low tide (Figure 43). 

Although this would only have a limited effect on improving water quality within the tidal prism of 
the drain (Franklin and Hodges 2015), this extra flushing would nevertheless be beneficial. It 
would also allow for movement of fish into many of the smaller drains, effectively recreating 
habitat for them. Retrofitting these with fish friendly floodgates would have potentially beneficial 
ecological effects, while minimising adverse effects to drainage. 

Increasing water movement could also have beneficial results on DO levels through use of 
mechanical devices to aerate the water. Such devices could range from wind or solar powered 
paddle wheels to bubbling aerators and would be expected to greatly reduce the severity of 
anoxic conditions in some of the drains. Although the use of such devices would undoubtedly 
improve ecological conditions in the drains, such devices would be regarded as mitigation 
devices only, and more attention focussed on ways to avoid the development of anoxic conditions 
in the first place. 

Fish passage 

In addition to the need to ensure upstream fish passage on many of the drains throughout the 
Plains, alternative ways should be developed to allow migrating fish to pass through pump 
stations without suffering mortality. Duirs (2017), highlight that although fish friendly pumps such 
as archimedes screws exist, their cost is relatively high, and there is little documented evidence 
as to their efficacy. It may also be possible to design and implement some form of trap and 
transfer system in the drainage network that could be used during the autumn when eel migration 
is at its peak. 
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Work by Boubee et al. (2001) in the Rangitaiki River at the Aniwhenua Dam, showed that migrant 
eels commenced at downstream migration in early autumn when the catchment receives more 
than 20 mm of rainfall within a 12-hour period. That eels display such strong cues to local 
weather conditions means that it could be a relatively simple exercise to ensure that all pump 
stations have fish exclusion barriers in front of the pump intakes, and to then install fish traps 
during the first autumnal rainfall, where any downstream migrating eels could be trapped and 
transferred below the pump station. 

Any work done to address fish passage issues either through flood gates or pump stations would 
also be best made on the basis of the detailed stocktake that has been undertaken of such 
structures throughout the Kaituna and Rangitaiki Plains, so that a prioritisation process can be 
made of what drains would be the most beneficial to fish communities if these mitigation 
measures were carried out. Such a process has been identified by Suren (2017) whereby sites 
identified on the basis of factors such as catchment size, distance to sea, upstream habitat 
conditions and water quality. 

It is possible that with a few modifications to both land use practices and operational 
infrastructure, both water quality and ecological conditions of the drainage network could be 
considerably enhanced. This will not only benefit the drains themselves but is also likely to have 
large benefits to sensitive receiving environments into which these waterways flow. 

6.3 Recommendations for further work 
The proposed mitigation measures discussed above relate to three key areas: 

• Increasing the amount of vegetation around drains to intercept nutrients and sediments, and 
to reduce macrophyte biomass in drains. 

• Installation of fish friendly floodgates and either designing fish friendly pumps or transferring 
fish below pump stations. 

• Investigating methods for macrophyte removal, including increased use of grass carp. 

A large amount of targeted research is needed before any of these mitigation measures can 
successfully be employed. Some potential research questions are listed below under broad 
themes with the aim of prioritising these for further study. 

Reducing macrophyte cover 

For example, how much shade is required to reduce macrophyte cover in drains, and how much 
riparian planting is needed to reduce both nutrient and sediment inputs into the drainage 
network? If riparian planting was successful in reducing macrophyte cover, will this always result 
in a reduction in the frequency and magnitude of low dissolved oxygen periods? Will riparian 
planting or use of wetland plants help with the attenuation of dissolved nutrients such as nitrate-N 
and dissolved P? 

Effects of macrophyte removal 

Baseline data as to the effect of different macrophyte removal strategies (e.g., spraying, 
mechanical removal, use of the weed cutter boat, or use of grass carp) on native fish such as 
banded kokopu or shortfin eel is lacking in the Bay of Plenty. Studies investigating the movement 
of tagged fish under different macrophyte removal regimes could be implemented to determine 
what the long-term impacts of these strategies are on fish communities. 

Finally, can a more focused and cohesive macrophyte removal strategy (e.g., Schwarz and 
Snelder 1999) be developed to ensure that such work maximises both hydraulic requirements 
and ecological requirements. 
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Improving water quality 

Are there any ways of increasing the re-aeration of these generally slow flowing environments to 
increase oxygen levels, and subsequently reduce ammonia concentrations? What is the effect of 
installing fish friendly floodgates to increase the amount of water movement above existing 
floodgates, and will this increased water movement result in enhanced water quality outcomes? 
Some promising data from Franklin and Hodges (2015) has provided some insight on this. 

Fish passage issues 

There is an obvious need to develop an inventory of drainage infrastructure with respect to fish 
passage issues, and to prioritise areas where fish friendly floodgates could be retrofitted. Such an 
inventory is already underway in some parts of the region where road culverts and flood gates 
have been identified and prioritised for retrofitting with fish-friendly devices. 
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Appendix 1 
List of invertebrate sampling sites in each Water Management Area (WMA), showing 
the calculated biotic metrics and their bands 
MEV Sites with MCI scores < 80 are highlighted, as the NPSFM requires councils to investigate cause and take action where MCI is declining or where it is less than 
80 (Note that such a requirement does not apply to DWQ sites). 

RC_SID WMA Site name Easting Northing Biophysical 
class 

WQ 
Class 

MCI 
Score 

MCI 
Band 

EPT1 
taxa 

EPT1 
Band 

BoP_IBI BoP_IBI 
Band 

BOP_DRAIN_02 Kaituna_Maketu Bell Road Drain at  
Te Puke 

1894698 5817897 VA/Gentle DWQ 87 D 0 D 18 D 

BOP_DRAIN_03 Kaituna_Maketu Kaituna Drain at  
Pah Road 

1896735 5815673 VA/Gentle DWQ 45.5 D 0 D 9 D 

BOP_DRAIN_04 Kaituna_Maketu Kaituna Drain at 
Kaituna Road 

1902169 5814595 VA/Gentle DWQ 72 D 0 D 0 D 

BOP_DRAIN_05 Kaituna_Maketu Wharere Drain at 
Pukehina 

1906387 5812911 VA/Gentle MEV 72.3 D 1 D 15 D 

BOP_DRAIN_07 Kaituna_Maketu Pukehina Drain at 
Pukehina 

1907565 5812877 VA/Gentle MEV 67 D 0 D 0 D 

BOP_DRAIN_08 Kaituna_Maketu Pongakawa Drain at 
Cutwater Road 

1906928 5813003 VA/Gentle MEV 64.5 D 0 D 0 D 

BOP_DRAIN_09 Tarawera Awakaponga Canal 1930945 5797125 VA/Gentle MEV 67.3 D 1 D 6 D 

BOP_DRAIN_10 Tarawera Section 109 1932924 5796827 VA/Gentle DWQ 59.2 D 0 D 9 D 

BOP_DRAIN_09 Tarawera Awakaponga Canal 1930945 5797125 VA/Gentle MEV 67.3 D 1 D 6 D 
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  RC_SID WMA Site name Easting Northing Biophysical 
class 

WQ 
Class 

MCI 
Score 

MCI 
Band 

EPT1 
taxa 

EPT1 
Band 

BoP_IBI BoP_IBI 
Band 

BOP_DRAIN_11 Tarawera Awaiti Canal 1933519 5794286 VA/Gentle DWQ 80 D 0 D 9 D 

BOP_DRAIN_12 Tarawera Omehue Canal 
upstream WWTP 1934562 5789921 VA/Gentle MEV 55 D 0 D 3 D 

BOP_DRAIN_13 Tarawera Omehue Canal 
downstream WWTP 1935295 5791681 VA/Gentle MEV 24 D 0 D 9 D 

BOP_DRAIN_14 Rangitaiki Reids Central Canal 1938326 5792045 VA/Gentle MEV 42 D 0 D 0 D 

BOP_DRAIN_15 Rangitaiki Western Drain 1938530 5788430 VA/Gentle MEV 51.5 D 1 D 15 D 

BOP_DRAIN_16 Whakatane Eastern Drain 1942045 5790393 VA/Gentle DWQ 72 D 0 D 3 D 

BOP_DRAIN_17a Whakatane Waioho Stream 
upstream of Drain_18 1948129 5788962 VA/Steep MEV 55.6 D 0 D 0 D 

BOP_DRAIN_17b Whakatane 
Waioho Stream 
downstream of 
Drain_18 

1948129 5788962 VA/Steep MEV 46.0 D 0 D 6 D 

BOP_DRAIN_18 Whakatane Langenberger Road 
Drain 1947950 5788941 VA/Gentle DWQ 74 D 0 D 3 D 

BOP_DRAIN_19 Whakatane Te Rahu Canal 1947277 5790826 VA/Steep MEV 50 D 0 D 3 D 

BOP_DRAIN_21 Whakatane Orini Canal off 
Thornton Road 

1944957 5794132 VA/Gentle MEV 78 D 0 D 0 D 
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RC_SID WMA Site name Easting Northing Biophysic
al class 

WQ Class MCI 
Score 

MCI 
Band 

EPT1 
taxa 

EPT1 
Band 

BoP_IBI BoP_IBI 
Band 

BOP_DRAIN_22 Tarawera Secombes Canal 1934753 5797959 VA/Gentle DWQ 102 C 0 D 18 D 

BOP_GAPS_13 Kaituna_Maketu Raparapahoe at 
Above Drop Structure 1891609 5815319 VA/Steep MEV 134 A 8 B 24 D 

BOP_LOP_1 Kaituna_Maketu Lawrence_Oliver_ 
Park_A 

1893617 5812731 VA/Gentle DWQ 76.5 D 3 C 12 D 

BOP_LOP_2 Kaituna_Maketu Lawrence_Oliver_ 
Park_B 

1893656 5812881 VA/Gentle DWQ 67 D 1 D 6 D 

BOP_LOP_3 Kaituna_Maketu Lawrence_Oliver_ 
Park_C 

1893693 5812998 VA/Gentle DWQ 81.1 D 2 C 21 D 

BOP_LOP_4 Kaituna_Maketu Lawrence_Oliver_ 
Park_Lower 

1893905 5813230 VA/Gentle DWQ 59.8 D 1 D 15 D 

BOP_NERM_003 Kaituna_Maketu Kaikokopu 1904961 5810715 VA/Gentle MEV 94.7 C 14 A 36 D 

BOP_NERM_005 Kaituna_Maketu Raparapahoe 1891279 5814963 VA/Steep MEV 115.4 A 26 A 18 D 

BOP_NERM_026 Whakatane Te Rahu Canal 1942463 5787849 VA/Steep MEV 86.4 C 12 A 0 D 

BOP_NERM_027 Tarawera Awakaponga Canal at 
Matata Road 

1930799 5794874 VA/Gentle MEV 75.5 D 6 C 21 C 

BOP_NERM_033 Kaituna_Maketu Pongakawa at  
State Highway 2 

1909234 5808797 VA/Gentle MEV 99.0 C 16 A 36 D 

BOP_NERM_034 Kaituna_Maketu Puanene 1905579 5807979 VA/Gentle MEV 105.2 C 12 A 33 D 

BOP_NERM_049 Rangitaiki Ngakauroa Creek 1936844 5784480 VA/Gentle MEV 92.6 C 13 A 27 A 
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RC_SID WMA Site name Easting Northing Biophysic
al class 

WQ Class MCI 
Score 

MCI 
Band 

EPT1 
taxa 

EPT1 
Band 

BoP_IBI BoP_IBI 
Band 

BOP_NERM_051 Whakatane Waioho 1948048 5787392 VA/Steep MEV 104.5 B 17 A 6 D 

BOP_RES_083 Rangitaiki Rangitaiki Canal 
Bennetts Road 

1935430 5798490 VA/Gentle DWQ 86 D 0 D 3 D 

BOP_RES_085 Rangitaiki Rangataiki Canal 
Smiths Road 

1937525 5796832 VA/Gentle DWQ 55.3 D 0 D 18 D 

SENV_PPS_PD Kaituna_Maketu Ohineangaanga_DS1 1891688 5814008 VA/Gentle DWQ 63.6 D 0 D 18 D 

SENV_PPS_PD2 Kaituna_Maketu Ohineangaanga_DS2 1892754 5814580 VA/Gentle DWQ 46.5 D 0 D 3 B 

SENV_PPS_PU Kaituna_Maketu Ohineangaanga_Upstr
eam 

1891549 5813697 VA/Gentle DWQ 53.7 D 0 D 9 A 

URS_MATATA_1a Tarawera Orini Stream_above 
Greig Road 

1935793 5798382 VA/Gentle DWQ 73.2 D 0 D 9 D 

URS_MATATA_1b Tarawera Orini Stream_above 
Greig Road 

1935793 5798382 VA/Gentle DWQ 76.9 D 0 D 9 D 

URS_MATATA_2a Tarawera Orini Stream_below 
LTS outlet 

1934111 5798752 VA/Gentle DWQ 85.3 D 0 D 9 B 

URS_MATATA_2b Tarawera Orini Stream_below 
LTS outlet 

1934111 5798752 VA/Gentle DWQ 87.3 D 0 D 9 C 

URS_MATATA_3a Tarawera Orini Stream_above 
flood gate 

1933314 5799083 VA/Gentle DWQ 84.3 D 0 D 9 C 

URS_MATATA_3b Tarawera Orini Stream_above 
flood gate 

1933314 5799083 VA/Gentle DWQ 74.1 D 0 D 9 C 

 


