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Executive summary 
The Waikato River Authority (WRA) and Waikato River iwi have clearly articulated a strong aspiration 
“that the abundance of fish and other kai in the Waikato River is restored and protected”. Thus, the 
goal of this project was to support river communities in identifying critical habitat bottlenecks and 
migration barriers for whitebait populations in the lower Waikato River catchment and 
demonstrating best practice restoration solutions. This report focuses on documenting changes in 
fish populations after remediation of passage barriers in the Hamilton City region. A previous 
prioritisation study had identified three streams (Bankwood Stream, Mangakotukutuku Stream and 
Gibbons Creek) within Hamilton City for remediation due to their valuable inanga, smelt, giant 
kokopu and banded kokopu populations. This report summarises the remediation works and 
monitoring results prior to, and following, the barrier fixes on the three Hamilton streams. 

In Bankwood Stream, a double barrel culvert with a >0.5 m drop from the apron (a hardened surface 
placed at the inlet/outlet to protect against erosion) was remediated. In 2015, two rock ramps were 
created to eliminate the drop immediately downstream of the culverts, and to eliminate an 
additional drop in the bed that was creating a second passage barrier due to erosion further 
downstream. Four mussel spat ropes were also installed in each culvert in an attempt to reduce high 
water velocities. Electric fishing surveys between 2014 and 2021 found climbing fish (kokopu and 
eels) were abundant upstream of the culvert but the absence of inanga and infrequent presence of 
smelt above the culvert compared to downstream implies that the remediation efforts have had little 
improvement on swimming fish passage in this section of Bankwood Stream. The culvert was not 
able to be baffled internally due to the small size, and even with the addition of spat rope, we believe 
water velocities inside the culvert barrels have remained too high for weak swimming fish, such as 
inanga and smelt, to pass the culverts. Consequently, further remediation such as replacing the 
culverts is required to connect inanga and smelt to the habitats upstream of the culvert. 

In 2018, the Waterford Road culvert in Mangakotukutuku Stream was remediated to fix perching of 
the culvert apron and high water velocities over the apron. Perching is when the outlet of the culvert 
is elevated above the downstream water surface. Two rock ramps downstream of the culvert were 
installed to backwater the downstream end of the culvert and eliminate perching of the apron. 
Baffles were also installed on the culvert apron to reduce high water velocities. Monitoring results 
indicate that the remediation was successful, with a significant increase in native species richness 
and density upstream of the culvert, particularly for swimming species inanga and smelt. 

In 2016, four weirs restricting swimming fish (inanga and smelt) passage in Gibbons Creek were 
remediated. For three weirs, concrete rock ramps were built on the true left side at the downstream 
face and the fourth (timber) weir was physically removed. After remediation, smelt and inanga 
successfully migrated upstream over the first two fish ramps within a year of installation. These 
species were not found above the third fish ramp in monitoring completed up to 2019, which 
suggests this ramp may still be a partial barrier to these weaker swimming fish. The third weir has a 
naturally steeper gradient and at low flows the channel we created around the weir isn’t always 
flowing. Further modifications such as reducing the level of the channel entrance should remedy this 
issue. 

Across the three streams, monitoring has shown the remediation works have had variable results. 
Data indicates that even when best practice solutions are utilised, site-specific factors can still result 
in passage issues for weak swimming fish such as inanga. In this regard, post-remediation monitoring 
of fish passage solutions is vital to ensure the modifications are effective at enhancing passage of the 
target species past the barrier.  
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1 Introduction 
The Waikato River Authority (WRA) and Waikato River iwi have clearly articulated a strong aspiration 
“that the abundance of fish and other kai in the Waikato River is restored and protected”. This 
aspiration is also strongly supported by the wider community. Successful restoration of fish 
populations in the catchment requires a holistic, full life-cycle approach that considers the habitat 
requirements for all fish life stages (i.e., spawning, juvenile & adult) and the connectivity between 
those habitats (Baker et. al 2014a). Therefore, this project focused on supporting river communities 
in identifying critical habitat bottlenecks and migration barriers for whitebait populations in the 
lower Waikato River catchment and demonstrating best practice restoration solutions. The project 
aimed to integrate both mātauranga Māori and contemporary scientific approaches to maximise the 
combined ecological and socio-cultural outcomes of restoration. 

Key objectives of our project were to: 

1. design and create new off-channel matamata/inanga (Galaxias maculatus) spawning 
habitat, 

2. restoring access for all whitebait species to critical rearing and adult habitats that are 
presently inaccessible due to migration barriers, 

3. enhancing the provision of adult whitebait rearing habitats within the lower Waikato 
River through in-stream and riparian habitat enhancement, and 

4. providing pathways for local marae and communities to participate in protecting and 
restoring whitebait habitats. 

This report focuses on the second objective, documenting changes in fish populations after 
remediation of passage barriers in the Hamilton City region. Based on the results of the prioritisation 
process carried out by Baker et al. (2014b), three streams were selected within Hamilton City for 
remediation as they contain valuable whitebait populations, including key species inanga (Galaxias 
maculatus), smelt (Retropinna retropinna), giant kokopu (Galaxias argenteus) and banded kokopu 
(Galaxias fasciatus). The three streams were Bankwood Stream, Mangakotukutuku Stream and 
Gibbons Creek. This report summarises the remediation works and monitoring results prior to, and 
following, the 2016 and 2019 barrier fixes on the three Hamilton streams. 
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2 Bankwood Stream 

2.1 What is the problem? 
Bankwood Stream drains a small urban catchment of approximately 1.5 km2 in central Hamilton 
(37°45´S, 175°15´E). While much of the headwaters are culverted, the main stem of the stream flows 
through parkland and the Kukutaruhe Gully before joining the Waikato River. These urban gully 
systems are highly valued and support important ecological communities (Collier et al. 2009). Their 
preservation and restoration are priorities for the city and local communities, with significant current 
interest in Kukutaruhe Gully (https://www.facebook.com/thefairfieldproject). Bankwood Stream 
supports a large population of adult giant kōkopu (NIWA, unpublished data) and is also the only 
stream in New Zealand where giant kōkopu spawning sites have been found (Franklin et al. 2015). 

In the lower reaches of Bankwood Stream there are two significant culverts allowing the stream to 
flow beneath Wymer Terrace and River Road, respectively. Fish surveys in 2007 indicated that both 
culverts were impeding upstream fish passage. Subsequently, the River Road culvert has been 
retrofitted with a rock ramp fishway and culvert baffles (Figure 2-1 & Figure 2-2), successfully 
restoring access to the stream from the Waikato River for swimming fish species such as smelt and 
inanga (Franklin & Bartels 2012). However, the Wymer Terrace culvert (Figure 2-3) remained a 
barrier to the upstream movement of swimming fish species, thus limiting fish communities in 
approximately 90% of the stream. 

 

Figure 2-1: The rock ramp installed at the downstream end of the River Road culvert to provide access 
from the Waikato River for swimming fish species.  



 

8 Restoration of whitebait populations in the lower Waikato River - fish passage barrier remediation 
 

 

Figure 2-2: River Road culvert retrofit with baffles in Bankwood Stream.  

 

 

Figure 2-3: The outlet of the Wymer Terrace culvert showing the steep drop and high water velocities that 
restrict upstream access for fish.  
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2.2 Remediation Works 
The remediation works in Bankwood and Mangakotukutuku Stream were a collaborative project 
between NIWA, WRA, Tonkin and Taylor (T&T) and Hamilton City Council (HCC). In December 2017, a 
concept design for remediation of the Wymer Terrace culverts was developed. Subsequently, T&T 
produced design drawings in April 2018 (Figure 2-5). The final design included two rock ramps, one to 
eliminate the drop immediately downstream of the culverts, and the second to eliminate an 
additional drop in the bed that was creating another passage barrier due to erosion further 
downstream. 

In January 2019, Wild Exposure Ltd constructed the ramps. They in-filled and created the ramp shape 
using TerraLock Environmental Erosion Control System soil containers filled with AP40, a well graded 
aggregate with slightly weathered to un-weathered fragments of rock up to 40 mm in width. The 
bags were overlaid with large river stones to give the ramps a V-shaped cross-sectional profile and to 
build small-scale pool and riffle sequences. Four spat ropes were installed in each culvert and 
secured at the upstream and downstream ends.  

 

Figure 2-4: After Wymer Terrace culvert was ramped with rocks in Bankwood Stream, 2019. 
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Figure 2-5: Final design plan drawing of Wymer Terrace remediation.  
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2.3 Monitoring of the effectiveness of the remediation 

2.3.1 Methods 
In 2015, following modification of the River Road culvert but prior to the remediation of the Wymer 
Terrace culvert in Bankwood Stream, a mark and recapture study using inanga (G. maculatus) was 
undertaken at each culvert (Ravenhorst 2015). The Wymer Terrace culvert was tested to determine 
which of the two pipes, if any, the fish used for passage (Figure 2-6 & Figure 2-7). The retrofitted 
River Road culvert with baffles was also tested (Figure 2-7) as there were questions around impacts 
on the fish from the elastomer tagging used to mark inanga in earlier assessments. In each trial 
inanga were given 24 hours to pass the culverts. Trial methods and staining of inanga was carried out 
following the protocols detailed in Franklin et al. (2018).  

 

Figure 2-6: Wymer Terrace culvert outlets in Bankwood Stream, prior to the installation of a rock ramp 
below the culvert.   Eastern passage (left), western passage (right). 

 

Figure 2-7: Location of the top traps at the end of the culverts in Bankwood Stream.   Wymer Terrace 
culvert (left) River Road culvert (right). 
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Electric fishing surveys in Bankwood stream were undertaken prior to the remediation of the Wymer 
Terrace culvert from 2014 to 2019. Surveys continued in 2020 and 2021, following remediation works 
that occurred in January 2019. Five 50 m reaches were surveyed annually. Reaches one and two are 
located between the River Road and Wymer Terrace culverts. The remaining three survey reaches 
are located upstream of the Wymer Terrace culvert. Reach four was added to the upstream reaches 
sampled in 2019 during the Wymer Terrace culvert remediation. This provided three sampling 
reaches between the Wymer Terrace culvert and Donny Park. Quantitative multiple pass depletion 
fishing using a backpack electric fishing machine was used to estimate fish populations following the 
method of Zippin (1958).  

Population estimates of each species in the five reaches in Bankwood Stream were calculated using 
the “removal” function in the “FSA: Simple Fisheries Stock Assessment Methods” package in R, 
following the equation 7 from Carle and Strub (1978). Fish density was calculated per 100 m2 for each 
reach. 

2.3.2 Results & Discussion 
Mark and recapture studies 

Inanga were only successful at passing through the western pipe at the double barrelled Wymer 
Terrace culvert. No fish were successful at passing through the eastern pipe. However, only 9.5% of 
fish released passed through the western side (Ravenhorst 2015; see Figure 2-6). In contrast, 33.5% 
of inanga successfully passed the River Road culvert (Ravenhorst 2015). There was no significant 
difference in the size of inanga that passed and did not pass either culvert (p>0.05).  

Results of the mark and recapture trial and the fishing survey data (from reaches one and two, see 
fish survey section below), indicate that the River Road culvert is enabling sufficient densities of 
smelt and inanga upstream to maintain communities in the stretch of stream up to the Wymer 
Terrace culverts. Based on trial results and observations carried out during the study, water velocities 
through the eastern culvert pipe prohibited inanga passage. Although passage through the western 
culvert was possible, only a low number of inanga successfully passed upstream due to the large 
drop from the culvert apron (Figure 2-6). Inanga were observed to repeatedly try to swim up the 
near-vertical drop, but most attempts failed with only the occasional strong inanga successfully 
passing the drop. Consequently, remediation included the installation of a rock ramp at the 
downstream end of the culverts to remove the drop from the aprons and spat ropes inside the 
culvert barrels to moderate water velocities.  

Fish surveys 

The River Road culvert was remediated with the ramp and baffles in 2007 and 2009, respectively. 
Survey data since 2014 indicate that there has been an increase in both species richness and the 
abundance of swimming fish species in reaches one and two (between River Road and the Wymer 
Terrace culvert) each year surveyed post-modification (Figure 2-8 & Figure 2-9).  
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Figure 2-8: Results of long-term electric fishing surveys of reach one in Bankwood Stream.   Reach one is 
located in the lower reach of the stream between River Road and Wymer Terrace culvert. Note the difference 
in the y-axis between reaches. 

 

Figure 2-9: Results of long-term electric fishing surveys of reach two in Bankwood Stream.   Reach two is 
located in the lower reach of the stream between River Road and Wymer Terrace culvert. Note the difference 
in the y-axis between reaches. 

Survey results from the three reaches upstream of the Wymer Terrace culvert indicate that the fish 
populations have remained largely limited to climbing fish species including giant kōkopu, shortfin 
tuna (Anguilla australis), and longfin tuna (Anguilla dieffenbachii), with no detectable increases in 
population sizes upstream of the remediation (Figure 2-10, Figure 2-11 & Figure 2-12). While smelt 
were recorded in reach four in 2021, indicating that the Wymer Terrace culvert is passable under 
certain conditions, consistently low numbers of smelt and inanga suggest it still remains a major 
impediment to these swimming fish species. It should be noted that being annual species, inanga and 
smelt abundance is expected to vary from year to year even with accessible passage, and that flow 
conditions during the migration season will also influence passage. However, smelt and inanga are 
consistently captured in reaches one and two downstream of Wymer Terrace culvert but not in the 
upstream reaches. 
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Figure 2-10: Results of long-term electric fishing surveys of reach three in Bankwood Stream.   Reach three is 
located upstream of the Wymer Terrace culvert. Arrow indicates culvert remediation in January 2019. Note the 
differences in the y-axis between reaches. 

 

Figure 2-11: Results of three years of electric fishing surveys of reach four in Bankwood Stream.   Reach four 
is located upstream of the Wymer Terrace culvert in Donny Park off Perindale Drive. Arrow indicates culvert 
remediation in January 2019. Note the differences in the y-axis between reaches. 
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Figure 2-12: Results of long-term electric fishing surveys of reach five in Bankwood Stream.   Reach five is 
located upstream of the Wymer Terrace culvert in Donny Park. Arrow shows culvert remediation in January 
2019. Note the differences in the y-axis between reaches. 

2.3.3 Conclusion 
The absence of inanga and infrequent presence of smelt above the Wymer Terrace culvert compared 
to downstream of the culvert implies that the remediation efforts have had little improvement on 
swimming fish passage in this section of Bankwood Stream. The culvert was not able to be baffled 
internally due to the small size, and even with the addition of spat rope, we believe water velocities 
inside the culvert barrels have remained too high for weak swimming fish, such as inanga and smelt, 
to pass the culverts. In addition, the rocks installed to ramp the culvert were not able to be secured 
due to the concrete silling basin below the culvert aprons. As such, these continue to be washed 
away or out of position during flood events, reducing the effectiveness of the retrofitted ramp 
required for swimming fish. Although 9.5% of inanga were found to pass the western pipe during the 
mark and recapture trial, flow during the trial was low, which may have influenced results. We 
suspect that successful passage would be even lower during higher flows.  

The high numbers of inanga and smelt between the River Road and Wymer Terrace culverts show 
that the fish are successfully passing the initial culvert, however, the absence of both species above 
the Wymer Terrace culvert provides evidence that further remediation is required to connect these 
species to the other 90% of the stream. The Wymer Terrace culvert pipes are undersized relative to 
the flows conveyed by Bankwood Stream and, in our opinion, replacement of the culverts will be 
necessary to achieve high passage of swimming fish species into upstream habitats.  
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3 Mangakotukutuku Stream 

3.1 What is the problem? 
The Mangakotukutuku Stream catchment is located in southern Hamilton and drains an area of 
approximately 23 km2 on the true left of the Waikato River. The catchment flows primarily through 
agricultural land (approximately 70%), with the remainder flowing through urban gully systems to 
the Waikato River opposite Hamilton Gardens. There is significant community interest in the 
protection and restoration of the catchment, with restoration efforts being led by the 
Mangakotukutuku Stream Care Group (Mangakotukutuku Streamcare Group). To date, projects 
implemented by the Stream Care Group include extensive riparian native planting, installation of 
artificial fish habitat structures, installation of a fish ramp at the Peacockes Road culvert, creation of 
wetland mudfish habitats and establishment of a mudfish population. These have been funded by a 
variety of sources including the Waikato River Authority. 

The Mangakotukutuku, and the other main catchments in and around Hamilton, are of particular 
importance to marae local to the area, including those affiliated with Ngāti Hauaa and Ngāti Wairere. 
Kōrero shared from kaitiaki to the science team highlight the streams as major historical sources of 
longfin tuna. It is known by locals that the area is a major habitat for galaxiid species such as the 
giant kōkopu (‘native trout’), and that there is a relationship between the well-being of the two fish 
species. Perturbations in the traditional process of cultural interactions with native fish species have 
arisen due to a variety of circumstances, including the Raupatu imposed upon Waikato-Tainui 
peoples in 1865, legislative impacts on the ability of tangata whenua to undertake traditional 
practices and to harvest certain species (e.g., the Tohunga Suppression Act 1907), hydrological 
changes to the Waikato River system (particularly downstream of the Karāpiro dam), and the 
introduction, and subsequent expansion of, exotic fish populations (e.g., brown bull-headed catfish, 
goldfish/morihana) in the broader Waikato catchment. For example, catfish replaced cultural harvest 
preferences due to their abundance, which made them easier to locate and catch in greater 
numbers. Likewise, trout also provided a new economy, but this was eventually curbed through 
protective (conservation-based) legislation for these exotic fish species. 

Historical surveys indicate that the Mangakotukutuku Stream is an important rearing habitat for 
adult whitebait, particularly banded and giant kōkopu (Aldridge & Hicks 2006). While connectivity in 
the catchment has been improved by the installation of the fish ramp at the Peacockes Road culvert, 
there are a number of other barriers that remain. The culvert where Waterford Road crosses the 
stream (herein referred to as the Waterford Road culvert) has been identified as an impediment to 
upstream fish movements at low flows due to perching and high-water velocities (>1 m s-1) across the 
apron (Figure 3-1). This restricts fish communities throughout the Peacockes branch of the 
catchment, which amounts to around 8 km of stream, or close to 25% of total stream length in the 
catchment. Therefore, this culvert is the largest remaining connectivity barrier in the catchment. 
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Figure 3-1: The outlet of the Waterford Road culvert.   Perching of the apron at low flows (left) and high 
water velocities across the apron (right) create a barrier to upstream passage of fish. 

3.2 Remediation Works 
In December 2017, NIWA, in conjunction with asset engineers from HCC and engineers from T&T, 
determined potential remediation options and developed a concept design for the site. 
Subsequently, T&T produced final design drawings in April 2018 (Figure 3-2). The final design 
consisted of rock baffles installed on the culvert apron to slow water velocities, and two rock ramps 
downstream of the culvert to backwater the downstream end of the culvert and eliminate the drop 
in water level between the culvert and the pool immediately below it. 

In November 2018, Wild Exposure Ltd installed the baffles on the culvert apron and constructed the 
two ramps (Figure 3-3 & Figure 3-4). Rocks with holes drilled through were bolted to the culvert 
apron to create baffles using spacing and sizes recommended in the NZ Fish Passage Guidelines 
(Franklin et al. 2018). The two downstream ramps were created using TerraLock Environmental 
Erosion Control System soil containers filled with AP40. The bags were overlaid with large river 
stones to give the ramps small-scale hydraulic variability.  
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Figure 3-2: Final design plan drawing of Waterford Road remediation.  
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Figure 3-3: After remediation of the culvert apron and installation of baffles in Waterford Road culvert in 
Mangakotukutuku Stream, 2019. View from downstream looking upstream through the culvert. 
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Figure 3-4: Retrofits to the Waterford Road culvert and in Mangakotukutuku Stream.   A, baffles installed 
at downstream culvert apron. B, rock ramp installed at downstream end of the pool below the culvert to 
backwater the downstream end of the culvert. 

 

3.3 Monitoring of the effectiveness of the remediation 

3.3.1 Methods 
Prior to the modification of the barrier within Mangakotukutuku Stream, a mark and recapture study 
using inanga (G. maculatus) was carried out in 2015 (Figure 3-5 & Figure 3-6; Ravenhorst 2015). Two 
trials were carried out, the first examined passage of inanga across the whole structure, from the 
pool below the culvert to the top of the culvert inlet. The second examined passage through the 
culvert itself, where fish were released at the downstream end of the culvert (i.e. above the apron) 
and captured at the top of the culvert upstream of the culvert inlet. In each trial inanga were given 
24 hours to pass the test section. Trial methods and staining of inanga was carried out following the 
protocols detailed in Franklin et al. (2018). 
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Figure 3-5: Stained G. maculatus used in the mark and recapture trial.  

 

Figure 3-6: Collecting experimental fish at the conclusion of a mark and recapture trial in 
Mangakotukutuku Stream.  

Fish surveys were also carried out in Mangakotukutuku Stream prior to the remediation in 2014 and 
2018, and following the 2019 remediation works in 2020 and 2021. Quantitative multiple pass 
depletion electric fishing in a 50 m reach downstream and upstream of the culvert was used to 
estimate fish populations (Zippin 1958). As the stream has deep pools where electric fishing can be 
ineffective, six fine mesh fyke nets (unbaited) were set overnight both upstream and downstream of 
the culvert in 2018, 2020, and 2021 to determine catch per unit effort (CPUE) of pool dwelling 
species.  

Population estimates of the two reaches in Mangakotukutuku Stream were calculated using the 
“removal” function in the “FSA: Simple Fisheries Stock Assessment Methods” package in R, following 
the equation 7 from Carle and Strub (1978). Fish density was calculated per 100 m2 for each reach. 
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3.3.2 Results & Discussion 
Mark and recapture studies 

In the first trial examining inanga passage past the perched apron and through the culvert barrel, 
only 1% of the fish successfully passed the structure. As the culvert apron was thought to be the 
problematic factor, the second trial just tested passage through the culvert itself, which resulted in 
75.3% of inanga successfully passing the culvert. These data and observations during the trials 
verified that the perched culvert apron, in conjunction with high water velocities over the apron, was 
inhibiting inanga from accessing the culvert. Once inside the culvert, a high passage rate was seen.  

Consequently, the remediation focused on the culvert apron perching and reducing water velocities 
across the apron. Remediation targeted passage for swimming fish species, specifically the weaker 
swimmers such as smelt and inanga. By targeting the weakest swimming fish we predicted the 
passage of stronger climbing and swimming species would also be improved. 

Fish surveys 

A comparison of fish species found downstream and upstream of the Waterford Road culvert in 2014 
and 2018 found that while most species were present at both sites, there was a clear difference in 
the abundance of the weaker swimming species, such as inanga and smelt, with fewer individuals 
being found upstream of the culvert (Figure 3-7 & Figure 3-8). For example, 62.5 smelt per 100 m2 
were captured downstream of the culvert in 2014, but only 7.1 per 100 m2 were captured in the 
reach upstream of the culvert. Similarly, in 2018, 18.2 smelt per 100 m2 were captured downstream 
of the culvert and 1.2 smelt per 100 m2 were captured in the reach upstream of the culvert. 
Comparable results were seen in the 2018 fyke net surveys, where prior to remediation inanga were 
twice as abundant downstream of the culvert, with a CPUE of 22 compared to a CPUE of 9 upstream 
(Figure 3-9 & Figure 3-10). In addition, the CPUE of smelt was 16 times greater downstream of the 
culvert than upstream in 2018.  

Monitoring prior to remediation indicated that the Waterford Road culvert was only a partial barrier 
to some fish species, however, it was clearly restricting upstream access for important species such 
as inanga and smelt. After remediation, an increase in the abundance of smelt and inanga was found 
upstream of the culvert. Differences in smelt densities upstream of the culvert after remediation 
were more pronounced than for inanga (Figure 3-8 & Figure 3-10).  
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Figure 3-7: Results of long-term electric fishing surveys downstream of the Waterford Road culvert in 
Mangakotukutuku Stream. 

 

 

Figure 3-8: Results of long-term electric fishing surveys upstream of the Waterford Road culvert in 
Mangakotukutuku Stream. Arrow indicates culvert remediation in November 2018. Note the difference in the 
y-axis between downstream (Figure 3-7) and upstream reaches. 
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Figure 3-9: Results of long-term fyke netting surveys downstream of the Waterford Road culvert in 
Mangakotukutuku Stream. 

 

Figure 3-10: Results of long-term fyke netting surveys upstream of the Waterford Road culvert in 
Mangakotukutuku Stream.   Arrow indicates culvert remediation in November 2018. Note the difference in the 
y-axis between downstream (Figure 3-9) and upstream reaches. 
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A comparison of the lengths of inanga captured above and below the culvert found that, on average, 
larger inanga tended to be captured upstream of the culvert both before and after remediation 
(Figure 3-11). However, differences in inanga size above and below the culvert were only significant 
(P<0.05) in 2014, prior to remediation. 

 

 

Figure 3-11: Mean length (mm) of inanga captured in Mangakotukutuku Stream from electric fishing (2014-
2021) and fyke netting surveys (2018-2021). DS, downstream; US, upstream. Error bars that do not overlap 
signify statistically significant differences between means (Nonparametric Kruskal Wallis Test, P<0.05). 

A similar pattern in size was seen with smelt, where larger fish tended to be captured upstream of 
the culvert compared to downstream (Figure 3-12). Again, differences in smelt size above and below 
the culvert were only significantly different (P<0.05) in 2014, prior to remediation.   
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Figure 3-12: Mean length (mm) of smelt captured in Mangakotukutuku Stream from electric fishing (2014-
2021) and fyke netting surveys (2018-2021).   DS, downstream; US, upstream. Error bars that do not overlap 
signify statistically significant differences between means (Nonparametric Kruskal Wallis Test, P<0.05). 

3.3.3 Conclusions 
The results of the surveys since the 2019 retrofit of the Waterford Road culvert show that there has 
been a significant increase in native species richness and density. By retrofitting the culvert apron 
and installing baffles to reduce flow within the culvert, upstream access for weaker swimming fish 
such as smelt and inanga has been improved, which will likely help to reduce delays in migration and 
associated increased risk of predation. 
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4 Gibbons Creek 

4.1 What is the problem? 
Gibbons Creek is a catchment in central Hamilton that joins the Waikato River on the true right bank 
through Memorial and Parana Parks. These parks are an integral part of Hamilton’s history and are 
some of the oldest public land in the city. Gibbons Creek is of intrinsic value to Ngāti Wairere who 
traditionally used the waterway for both mahinga kai and spiritual healing. 

The lower reaches of the Creek, downstream of River Road, provide habitat for both banded and 
giant kōkopu (Aldridge & Hicks 2006). However, there are four instream barriers to migration (e.g., 
Figure 4-1 and Figure 4-2) that constrain upstream movement of fish.  There is also a lack of instream 
cover in this area, which serves as an important daytime habitat for kōkopu. 

 

Figure 4-1: The second barrier to upstream migration in Gibbons Creek. 

 

Figure 4-2: The third barrier to upstream migration in Gibbons Creek. 
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4.2 Remediation Works 
A partnership was established between NIWA, NZ Landcare Trust, Waikato Regional Council, HCC, 
Waikato Raupatu River Trust and Ngāti Wairere to collaboratively remediate the four instream 
barriers in Gibbons Creek. Instream works were undertaken in 2016, with concrete rock ramps built 
on the true left downstream face of three weirs (Figure 4-3 - Figure 4-5) with the fourth (timber) weir 
physically removed. Ramps were built by laying rocks on geotextile and securing smaller rocks in 
place using rapid-set concrete to create a continuous wetted path for swimming fish such as inanga.  

Although an overview of the design (V shaped rock channel with resting pools every 0.5 m) was 
created prior to the install, the detailed design of each ramp was determined on-site based on the 
size of rock that could be carried/transported to each location.  

Following best-practice guidelines to ensure discharges from cement did not enter the stream, 
sandbags were used to divert the stream water along the unimpacted stream margin. The stream 
was diverted for 24-48 hours to enable the cement to cure. 

Boulders and logs were also installed at discrete locations to protect banks from erosion, enhancing 
instream habitat (Figure 4-6).  

After two years, the ramps were considered fit for purpose and unchanged with no loss of concrete, 
rocks or other damage visibly noticeable (Figure 4-7 - Figure 4-10). 

 

Figure 4-3: Installation of ramp one in Gibbons Creek, February 2016.  
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Figure 4-4: Installation of ramp two in Gibbons Creek, February 2016.  



 

30 Restoration of whitebait populations in the lower Waikato River - fish passage barrier remediation 
 

 

 

Figure 4-5: Installation of ramp three in Gibbons Creek, February 2016.  

 

Figure 4-6: Instream habitat enhancement in Gibbons Creek, February 2016.  
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Figure 4-7: Two years post-installation of ramp one in Gibbons Creek, February 2018.  

 

Figure 4-8: Two years post-installation of concrete rock ramp number two at Gibbons, February 2018. 
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Figure 4-9: Two years post-installation of the concrete rock ramp number three at Gibbons Creek, 
February 2018.  

 

Figure 4-10: Two years post-removal of weir 4 at Gibbons Creek, February 2018.  
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4.3 Monitoring of the effectiveness of the remediation 

4.3.1 Methods 
Gibbons Creek was monitored prior to installation in February 2016, and after installation in March 
2016, February 2017, and February 2019. Standardised single-pass electric fishing in two 75 m 
reaches was used to quantify relative fish abundance downstream and upstream of the second 
retrofitted weir (Figure 4-11). Fish density was calculated per 100 m2 for each reach. 

 

Figure 4-11: Processing fish during the 2016 surveys.  

4.3.2 Results & Discussion 
Monitoring showed that installation of the fish ramps at the first three weirs and removal of the 
fourth weir allowed more fish species to access Gibbons Creek, including inanga and smelt for the 
first time (Figure 4-12 and Figure 4-13). 

Although higher numbers of exotic fish were also found above the weirs, including gambusia, catfish 
and goldfish, these species were already present further upstream and are likely to have recruited 
from the headwater lakes. Despite the increase in abundance of exotic fish, the density and diversity 
of native fish has improved, indicating that the ramps are beneficial overall to native fish passage. It 
should be noted that during the 2019 survey the water level was recorded as being very low, which 
may have influenced capture efficacy. 
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Figure 4-12: Results of standardised single pass electric fishing surveys in Gibbons Creek.   This survey reach 
is located downstream of the second retrofitted weir. Arrow indicates ramp installations in 2016. 

  

Figure 4-13: Results of standardised single pass electric fishing surveys in Gibbons Creek.   This survey reach 
is located upstream of the second retrofitted weir. Arrow indicates ramp installations in 2016. 
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Signage at Gibbons Creek was installed in 2017 to inform the public of the native fish present in our 
urban streams, what constitutes a migration barrier, and the importance of unrestricted access to 
instream habitats (Figure 4-14).  

 

Figure 4-14: Signage to inform the public of our native fish, passage issues they face and best practice 
solutions to enhance access to stream habitats.  

4.3.3 Conclusion 
Prior to installing these fish passes, only five native fish species were present in Gibbons Creek: tuna 
(shortfin eels (Anguilla australis), and longfin eels (Anguilla dieffenbachii)), banded kōkopu, giant 
kōkopu and common bullies (Gobiomorphus cotidianus). In addition, the exotic fish species gambusia 
(Gambusia affinis) and catfish (Ameiurus nebulosus) were present prior to the installation. Following 
the 2016 ramp installations to three weirs and the removal of the fourth, smelt and inanga 
successfully migrated upstream over the first two fish ramps within a year of installation. These 
species had not been found above the third fish ramp in monitoring between 2016 and 2019, which 
suggests this ramp may still be a partial barrier to these weaker swimming fish. The third weir has a 
naturally steeper gradient and at low flows the channel, which was created around the weir, is not 
always flowing. In these conditions, fish are still required to surmount the top section of the weir. 
Further modifications such as reducing the level of the channel entrance should remedy this issue. 
Juvenile giant kokopu have been found above the three remaining modified weirs, showing that the 
changes are successful for both swimming and climbing native fish species. This work has been 
published as a Lesson Learnt case study by the Fish Passage Advisory Group (lessons-learnt-007-weir-
rockramp-install.pdf (doc.govt.nz)). 
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