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Figure 35 Distribution of gambusia in waterways throughout the Kaituna and 
Rangitāiki plains showing sites where these fish were absent (grey circles) and 
present (red circles). 
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Figure 36 Distribution of common bully in waterways throughout the Kaituna and 
Rangitaiki Plains showing sites where these fish were absent (grey circles) and 
present (red circles). 
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Figure 37 Distribution of giant bully in waterways throughout the Kaituna and 
Rangitāiki plains showing sites where these fish were absent (grey circles) and 
present (red circles). 

The size frequency distribution of shortfin eels, the most commonly encountered fish, was examined. A 
total of 868 shortfin eels were collected from the six drains. The numbers of shortfin eels caught in the 
fyke nets differed significantly between sites and were highest in Landenberger Road Drain (296 eels 
collected), Awaiti Canal (257 eels collected), Seacombes Canal (220 eels collected), and lowest in Te 
Rahu Canal where only 10 eels were found in the four fyke nets. The average number of shortfin eels 
collected in each fyke net followed a similar pattern and was highest in Awaiti Canal (average of 86 eels 
per fyke net), and lowest in Te Rahu Canal (average of only three eels per fyke net) (Figure 38). 
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Figure 38 Average number of shortfin eels collected in fyke nets deployed in each of the 
six drainage canals in the Rangitaiki Plains. 

Shortfin eel size ranged from a minimum of 85 mm to 850 mm, with an average of 383 mm. Size 
frequency distribution showed most eels were of intermediate range of between 250 and 450 mm, with 
much fewer smaller and larger eels (Figure 39). A normal healthy population of shortfin eels would be 
characterised by large numbers of smaller individuals, fewer large individuals. Such a healthy population 
distribution reflects an ongoing immigration of young elvers into sites, and a gradual decline in population 
density due to mortality. Lack of small elvers in the samples may suggest a barrier to the ongoing 
successful recruitment of Shortfin eels to many of these sites, or a bias against the collection of small 
individuals in the small meshed fyke nets. 

Figure 39 Size frequency distribution of shortfin eels collected from six drainage canals in 
the Rangitaiki Plains. Note the very low numbers of both small and large 
individuals. 
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5.4 Discussion 
Some of the drains sampled supported large quantities of shortfin eels, despite the low habitat 
and water quality conditions, and despite the presence of pump stations below some of the drain 
sites. For example, two of the sites where the most shortfin eels were caught (Seacombe's Canal 
and Landenberger Drain) were above pump stations, while the Awaiti Canal was above a culvert 
with an aluminium floodgate. The presence of eels above these structures therefore implies that 
at least some individuals have been able to pass through or around these structures, possibly 
during periods when young elvers were migrating back upstream and were able to negotiate 
small gaps or leaks in these structures. Another potential pathway mechanism could have been 
movement of eels into these habitats during large floods if water was spilling over or around 
these structures. Indeed, large floods occurred across the Rangitaiki Plains in 2004 and 2017, 
and this may have allowed migrating eels to access many of the drainage canals above flood 
gates. A third explanation could of course be manual liberation of individuals at sites throughout 
the plains by commercial or recreational eel fishermen. 

Irrespective of how eels had entered the drainage channels above pump stations or weirs, it is 
clear that the population structure found in the six sites surveyed was dominated by a cohort of 
medium size eels, with very few small elvers or large individuals. The fyke nets used in this study 
had a small mesh size (4 mm) and a series of baffles along their length that prevented large 
individuals from preying upon smaller individuals. The lack of small elvers in the study therefore is 
unlikely to represent unequal sampling efficiencies based on size. Instead, lack of small elvers 
implies that the mechanisms of colonisation to these upstream areas may be sporadic at best, as 
more young elvers would be expected in these areas if the colonisation pathways were always 
open. 

That so many eels were found in drains such as Landenberger Road and Secombe's Canal 
where dissolved oxygen concentrations were extremely low was surprising. Eels are well known 
to survive in environments with low oxygen as they can take up oxygen through either their gills 
or their skin. 

In addition to low oxygen levels, high ammonia concentrations in the drains may be affecting fish 
communities. Although native fish such as shortfin eels appear to be a very tolerant of high 
ammonia concentrations, other species such as inanga, smelt, and banded kokopu are less 
tolerant (Richardson 1997). As discussed above (Section 3), median ammonia concentrations in 
seven drains exceeded the lower toxic threshold for these species, all of which are likely to be 
common in lowland, coastal waterways. However, Richardson only determined the lethal 
concentrations of ammonia, yet a chronic exposure to sub-lethal concentrations can also affect 
fish, and alter their distributions through behavioural changes. For example, Richardson et al. 
(2001) assessed behavioural responses to combined stressors of both DO and ammonia on 
three fish species characteristic of lowland waterways (inanga, smelt, common bully) and the 
shrimp, (Paratya). They found that smelt showed very strong avoidance behaviour to both low 
DO and high ammonia concentrations, both alone and in combination. This highlights a 
fundamental issue with assessing only acute effects of stressors such as DO and ammonia, as 
Hickey et al (1993) showed that Paratya was one of the least sensitive species to acute toxicity 
tests for ammonia. 

The finding that smelt display such a strong avoidance behaviour to both low DO and elevated 
ammonia concentrations lead Richardson et al (2001) to suggest that smelt could be a good 
indicator organism to assess ecological health of lowland waterways. The fact that relatively few 
drain sites in the Kaituna and Rangitāiki Plains support smelt may indeed suggest that the 
ecological health of these waterways is relatively poor. 

A total of 18 fish species were recorded from sites throughout the Kaituna and Rangitaiki Plains. 
Of these 18, three species (yellow eyed mullet, grey mullet, and cockabully) could be regarded as 
marine wanderers that regularly come into the lower estuarine part of rivers for feeding. 
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Twelve other native species were found, all of which require access to and from the marine 
environment as part of their life cycle. The relatively high number of native species found in his 
low elevation sites emphasises the fact that such environments are important habitats for many 
native fish, or act as migratory corridors for other species to gain access to upper reaches of 
waterways. Five of the fish species recorded in waterways in the plains (inanga, longfin eel, redfin 
bully, torrent fish and giant kokopu) are regarded as at risk, declining, and lamprey are regarded 
as threatened, nationally vulnerable (Goodman et al 2014). All of these species require access to 
and from the sea to complete their life cycles, so the importance of maintaining unrestricted 
access cannot be over emphasised. 

That water quality and habitat conditions in some drains are likely to be detrimental to the long-
term survival of larval fish that enter these systems means that they may in fact be acting as 
population sinks, as any juvenile fish entering them may not survive to breed. This finding adds a 
new dimension to work by Hickford and Schiel (2010), who found that large rivers had little or no 
spawning habitat and very little egg production and effectively became sink populations despite 
supporting large adult populations of inanga. In contrast, some of the smallest pristine streams 
they surveyed produced millions of eggs. However, many of the small waterways in the Kaituna 
and Rangitāiki plains currently have usually very poor riparian conditions for spawning, even if 
they had no flood gates on them. Prior to agricultural development and the associated drainage 
activities in the area, these areas would have represented important breeding areas for many of 
these species. 

Of interest was the finding of many fish in drains above pump stations or floodgates. This shows 
that these structures are not complete barriers to upstream movement. What proportion of the 
total migrating population can pass these structures is, however, unknown. A similar finding was 
reported by Franklin and Hodges (2015), who found migratory fish including eels, banded 
kokopu, common bullies and inanga above a large floodgate in the Kurere Stream, in the 
Coromandel. They attributed the presence of these migratory fish above the floodgate due to the 
ability of fish to pass through the gates drain at low tide when the gates were opened by 
catchment flow. Furthermore, a small (3 cm) gap was identified between each gate and the 
concrete headwater structure which may also have facilitated fish passage. Despite this, 
Frankston and Hodges (2015) emphasise that for much of their life cycle, fish passage would 
have been restricted due to gate closure, and they concluded that the abundance of native 
migratory fish in the catchment above the gates would have been higher if the gates were not 
there. 

Of greater concern, is the effect of these structures on the downstream migrating behaviour of 
fish, and in particular the effect of pump stations on large migrating fish such as eels. Both longfin 
and shortfin eel can reach large sizes (over 700 mm in length) before migrating and these large 
migrant individuals may be particularly susceptible to mortality or pump stations. Such mortality 
has recently been assessed at the Orchard Road pumping scheme in Te Kauwhata, Waikato 
(Vaipuhi Consulting 2017), and found to be very high. Conditions in the Bay of Plenty drainage 
system differ to Waikato, for example many pump stations have fish screens installed. However 
further work on the risk of eel mortality due to pump stations is warranted, or to investigate what 
practical steps can be taken to allow migrating eels to bypass pump stations that are fitted with 
screens. 

Duirs (2017) reviewed the effects of land drainage and flood control schemes on native fish 
passage and highlighted the adverse effects of these schemes on fish migration pathways. 
Although they acknowledged that there is limited information to quantify these adverse effects, 
there appears to be enough anecdotal evidence to suggest that such adverse effects are 
relatively widespread throughout land drainage schemes throughout the country. They note that, 
to date, there appears to have been only limited efforts by land drainage and flood scheme 
managers to address such adverse effects, although they acknowledged that most councils 
managing and maintaining such schemes now acknowledged the issue, and are considering 
implementing remedial measures. 
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Of relevance is the fact that many overseas countries have developed stringent policies to 
address adverse impacts of land drainage activities on eel populations, and Duirs highlights that 
the sustainable management provisions of both the RMA and various regional policy statements 
indicate a requirement for fish passage exists. 

The Duirs review also highlighted a range of potential remedial options to address fish passage 
that councils, including BOPRC, have used. Their report showed that BOPRC has fitted small 
transformers to impart electrical charges through debris screens to deter fish from entering pump 
stations although the efficacy of this is unknown. Although these measures may prevent eels 
from entering pumps with lethal effects, they still provide no easy way for migrating eels to pass 
below these pumps. Other options would include fish friendly pumps such as Archimedes or 
hidrostil pumps, as well as fish passes and trap and transfer operations. Although we know that 
eels migrate at the first significant rainfall in March and April (Boubee, Mitchell et al. 2001), the 
timing of such rainfall events is highly unpredictable and therefore a trap and transfer operation 
will, by necessity, need to be implemented at short notice. Furthermore, most eel migration 
occurs at night, and this is likely to place further logistical constraints on the success of such 
operations. More robust and longterm solutions are thus needed to solve the somewhat vexed 
issue of the need to maintain the ability to pump excess water from the drainage network into 
downstream rivers whilst minimising eel mortality. 

Another potential stress on fish communities in the Kaituna and Rangitiaki plains concerns the 
process of macrophyte removal. This activity can have large effects on water quality (Ballantine 
and Hughes 2012), resulting in increases in total suspended solids, and total phosphorus loads in 
drain water following drain clearing. Drain clearing can also significantly affect channel 
morphology, bank vegetation and instream physical conditions such as temperature (Ballantyne 
and Hughes 2012). Drain clearing may also adversely affect fish communities, although these 
effects are not clear cut. For example, Ward-Campbell et al. (2017) examined the effects of drain 
maintenance on fish assemblages in eight drains in Ontario, Canada, and found no evidence for 
short or long-term adverse effects on fish communities, despite clear changes in physical habitat. 
They thus suggested that the fish assemblages in the drains were resilient to drain maintenance. 

Such resilience could be explained by the fact that the fish communities in these drains were 
dominated by cyprinids, which have behavioural and reproductive strategies that can facilitate 
rapid recolonization following drain maintenance, and therefore display a high degree of 
resilience to disturbance. These results are very different to work by Greer et al. (2012), who 
showed that macrophyte removal to maintain drainage performance had negative effects on 
resident fish communities in a small Southland stream. They found that that complete 
macrophyte removal reduced the abundance of giant kokopu (Galaxias argenteus), presumably 
due to loss of habitat for this species, as well as removal of invertebrate prey from the water 
column. Giant kokopu are commonly found in lowland waterways amongst dense macrophyte 
vegetation, and are regarded as at risk, declining (Allibone, David et al. 2010).  Drain 
management practices associated with macrophyte removal may thus be having adverse effects 
on this species. 

However, the study by Greer et al (2012) involved mechanical drain clearing using an excavator, 
a practice which is not extensively used throughout the Bay of Plenty. Instead, BOPRC manage 
weeds using a combination of methods, including mechanical drain clearing, spraying with 
herbicides, and use of a specially built plant cutter boat to remove excessive macrophyte growth 
from drains to a specified depth that is controlled by the boat operator. Such activities are also 
controlled by clear guidelines for river drainage maintenance activities (Crabbe and Ngapo 2001), 
which among other things, specify the timing of weed cutting as well as what to do with the 
quantities of cut weed produced. The use of the plant cutter boat on fish communities in particular 
is likely to result in having less adverse impacts on fish than other methods, as they presumably 
may be able to swim away from the boat and cutting blades. More importantly, some 
macrophytes can be retained along the bottom and riparian margin of the drains, and this 
remnant plant material would represent valuable habitat for species such as giant and banded 
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kokopu that require fish cover. Giant bully, giant kokopu, and koura have been observed in 
Collins Drain during past weed cutting operations, highlighting that even apparently small drains 
that are covered with weeds can support important fish species. Targeted fish monitoring could 
be undertaken to ascertain the relative impacts of different macrophytes removal methods on 
native fish species, to help select a suitable method which efficiently removes macrophytes with 
minimal impact on resident fish populations. 

Another control method for managing excess macrophyte growth in some drains in the 
Rangitāiki Plains is based on using grass carp (Ctenopharyngodon idella) in drains. Grass carp 
are native to parts of central Asia and can reach sizes in excess of 30 kg. These herbivorous fish 
are highly unlikely to successfully breed in New Zealand waters (Rowe and Shipper 1985), as 
their fertilised eggs need to be continually entrained in large, fast flowing rivers, conditions highly 
unlikely to be encountered in the drainage network. 

Furthermore, the grass carp that are used to control macrophytes are triploid animals and are 
consequently sterile. These fish have been shown to successfully reduce macrophyte cover in a 
number of drains throughout the country (Rowe and Schipper 1985), while minimising adverse 
effects associated with mechanical or chemical control for macrophytes. Despite these 
advantages, grass carp appear to be used in only a few locations throughout the country, 
presumably reflecting a high degree of public concern at their introduction. McDowall argues that 
this concern is simply not warranted, given the overall lack of adverse effects of grass carp on 
other native New Zealand species. He also highlights the irony that relatively benign fish such as 
grass carp have been somewhat maligned whereas fish such as trout, which have documented 
large adverse effects on native biodiversity, are actively managed and liberated throughout the 
country. 

Within the Rangitaiki Plains, grass carp are used in a number of drains including for drains to the 
West of the Rangitaiki River (Secombe's Canal, Crystals drain, Awaiti East Scheme Drain, 
Mahys Outlet and Pearces Outlet), and drains to the East (Law’s Scheme Drain and Section 72 
Outlet; Figure 40). Given the comments of McDowall (1990) and the fact that the positive 
outcomes of the biological removal of excess macrophyte growth using grass carp may well 
outweigh their perceived risk, there could be a strong case to introduce these fish into more 
drains in the Kaituna and Rangitaiki Plains. Any introductions of grass carp into more drains 
would need to consider the suitability of these drains to support introduced fish, especially given 
the potentially low dissolved oxygen levels characteristic of many of the drains. However, grass 
carp have been successfully used in Secombe's Drain for a number of years, and this drain was 
noted for its very low oxygen levels during the monitoring period. On one occasion (13 March 
2017), grass carp were seen congregating just above the pump station in large masses where 
they were gulping for air to help oxygenate their gills. Just prior to this time (7 March 2017), 
monthly monitoring recorded an oxygen concentration of only 0.52 g per cubic metre, or 5.7% 
saturated, one of the lowest values records during the sampling period. This sample was 
collected just prior to a relatively heavy rainfall event, when a total of 165 mm was recorded at the 
Edgecumbe metrological station over this six-day interval. 

It is highly likely that this rainfall resulted in a further reduction to the oxygen concentration in this 
already stressed system as nutrient rich material was brought into the drain and potentially 
mobilised the anoxic bed organic matter. Notwithstanding this event, the fact that grass carp have 
survived in both Secombe's Canal and the neighbouring Crystals Drain, where oxygen 
concentrations can often reach very low levels suggests that grass carp may be relatively tolerant 
to periods of low oxygen, and could therefore survive in other drains throughout the plains. There 
is consequently an option of using these fish to control excessive macrophyte growth in other 
waterways, pending approval from organisations such as the Department of Conservation and 
Fish and Game. 
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Figure 40 Location of drains where grass carp have been liberated to control macrophytes 
(red lines). (Source, Andrew Pawson, Works Co-ordinator, Rivers and 
Drainage). 

 



 

96 Ecological and water quality conditions of drains and land drainage canals in the Rangitāiki and Kaituna Plains 

Part 6: 

General discussion 
6.1 The current status 

The drainage network in the Kaituna and Rangitaiki Plains is characterised by poor instream 
physical habitat conditions, with high amounts of fine sediment, a large degree of channel 
alteration, a lack of bank vegetation and no riparian shade. 

Water quality typically has high to very high levels of nutrients, turbidity, and extreme levels of 
dissolved oxygen - both high and low. Such conditions are typical of other lowland waterways 
flowing through productive agricultural landscapes throughout the country (Wilcock et al. 1999, 
Larned et al. 2004), although the low DO levels and high ammonia levels characteristic of the 
drains we sampled were generally much greater than observed in other catchments. Catchment 
loads of nutrients are also very high, especially for ammonia, despite the relatively small size of 
these drains. 

These high catchment loads reflect the intimate contact of the drainage network to the 
surrounding agricultural land. The lack of riparian vegetation has major effects on both physical 
habitat and water quality of the drainage network, and results in excessive primary production 
(usually in the form of macrophytes), warm temperatures, high bacterial respiration and low DO 
levels. Other characteristic features of many of the drains are the presence of either floodgates or 
pump stations in their lowermost reaches. 

These structures are likely to affect both water quality conditions above them (Franklin and 
Hodges 2015), and the ability of fish to successfully migrate up and down these waterways 
(Vaipuhi Consulting 2017). The inability of fish to freely migrate into many of the drains, combined 
with the often-poor habitat and water quality conditions will affect the fish communities in many of 
these lowland drains. 

Many of these physical and water quality features represent either direct or indirect stressors that 
can affect fish and invertebrate communities (Figure 41). For example, the small riparian zones 
around drains are likely to result in large inputs of sediment, organic matter and nutrients. These 
inputs, combined with a lack of shade that results in high temperatures and high photosynthetic 
rates can often lead to excessive plant growth (Wilcock and Nagels 2001). Although these plants 
can be removed by chemical (use of Glyphosate), physical (drag lining or use of the weed cutter 
boat) or biological means (grass carp), excess organic matter in the drains will often accumulate 
within the stream bed. Microbial decomposition of this organic matter under high temperatures 
can lead to very low dissolved oxygen concentrations in some drains, which can directly affect 
both fish and invertebrates. 
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Figure 41 Conceptual diagram showing the dominant physical features of drains, the net result of these features and their ecological implications. 
Also shown are the dominant ecological groups that are affected by changes in the physical, water quality and hydrological features. 
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Most of the drains surveyed are found in low gradient areas of the Kaituna and Rangitaiki Plains 
and are often characterised by presence of floodgates or pump stations. Presence of floodgates 
can have large effects on water quality as the normal bidirectional movement of water during a 
tidal cycle has been disrupted. This can often result in stagnation of freshwater above the tide 
gates, resulting in sedimentation increased water temperatures, and reduced oxygen 
concentrations (Franklin and Hodges 2015). Furthermore, presence of floodgates in the lower 
reaches of the drainage network may prevent the normal gradual transition in salinity, and it is 
this salt wedge where species such as inanga spawn (Hickford and Schiel, 2011). Consequently, 
adult whitebait living in rivers below floodgates would be unable to access potential spawning 
locations in the small side tributaries/drains, if conditions above these floodgates were conducive 
to spawning. Such populations would thus represent a population “sink”, as these individuals 
would be unable to successfully breed. 

6.2 Mitigation measures 
This report would not be complete without some discussion on potential ways to mitigate the 
adverse effects of the current conditions in the drainage network. This discussion is especially 
pertinent given the need under the NPS-FM for regional councils to improve WQ and ecological 
conditions to achieve desired outcomes. Although community expectations for conditions in the 
drainage network would not be expected to be as high as expectations for natural waterways, the 
fact that MCI scores in many MEV waterways are lower that the threshold for action in the NPS-
FM suggests that some form of mitigation may be required to improve ecological condition in the 
drains. This is also relevant given that nutrient, sediment and bacterial loading of the drainage 
network is likely to have detrimental impacts on sensitive receiving environments, particularly 
estuaries. 

Many larger drains are maintained by BoPRC, and many are characterised by steep edges and 
lack riparian vegetation. Spraying is also commonly done along the margins of these drains, 
presumably in an effort to maximise hydraulic efficiency (Figure 42). There may be an opportunity 
to investigate alternative management practices in these larger drains, which receive water from 
the smaller drains, and which then discharge into sensitive environments such as estuaries. 
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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 

 


