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Figure 10: 3-D salinity modelling in Te Puuaha o Waikato. Scenario: Mean tide conditions 
with 0.4m sea level rise (Robcke et al., 2024, ARCGIS Story Map). 

 

Figure 11: 3-D salinity modelling in Te Puuaha o Waikato. Scenario: Spring tide conditions 
at current sea level rise conditions (Robcke et al., 2024. ARCGIS Story Map). 
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Figure 12: 3-D salinity modelling in Te Puuaha o Waikato. Scenario: Spring tide conditions 
under 0.4m sea level rise (Robcke et al., 2024, ARCGIS Story Map). 

Sampling methods 
Larval Poorohe exhibit a diel vertical migratory pattern where larvae enter the upper water 

column at dusk and exit the upper water column at dawn to return to the bottom of the water 

column (Empson et al., 1992). Furthermore, Meredith et al. (1992) and Baker and Bartels 

(2011) determined that highest larval Poorohe densities to occur through April and May after 

dusk in the upper water column. These factors influenced sampling strategy. The tidal 

influence at all four sites meant sampling occurred on a fortnightly basis when high tide fell 

between 3:00 pm and 3:30 pm, because the tide would be outgoing during the sampling 

period at dusk when Poorohe were in the upper waters. Sampling had to occur on an outgoing 

tide because this allowed for the nets to be held in their correct downstream position. Further, 

accurate flow readings could not be obtained during an incoming tide. Sampling took place at 

dusk on 1, 15, and 30 May, and 14 June 2024.  
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Sites A and B were sampled first to avoid re-sampling the same larval stock. Sampling at 

sites A and B was synchronised at 6:15 pm. Sites C and D were then sampled at 9:15 pm. 

Sampling in this order accounted for the approximately three-hour tidal delay experienced at 

sites C and D.  

Sampling Equipment 

The sampling methods of Meredith et al. (1987, 1989), Empson et al. (1992), Baker et al. 

(2007, 2021) and Baker & Bartels (2011) were replicated. These methods used 2.8 m cylinder 

plankton nets with 0.25 m2 mouth openings constructed from 0.3 mm Nybolt mesh (Fig 13). 

A PVC cod-end with of volume of 451.39cm3 and a small mesh window were attached to the 

end of the nets with male to female screw ends and the net mouth was held open with a 

stainless-steel hoop, which also provided attachment points for flowmeters and floats. 

General Oceanics 2030R flowmeters were used to measure the average water velocity of the 

river during the outgoing tide and volume of water filtered through each net. The net 

configuration was anchored in place with a Danforth sand anchor. The nets were attached to 

large 23.1 L marine floats. The floats were inflated an extra 10% to accommodate for sites 

with high flows.  
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Figure 13: The set up and design of the plankton nets used in the sampling. (A) the net 
dimensions, (B) the front of the net showing the position of the floats on the top nets and the 
attachment for the flowmeters, (C) the configuration of a top and bottom net set (Baker & 

Bartels, 2011) 

 

Prior to the beginning of sampling, depth profiles were taken using the sonar of the boat’s 

depth sounder to continually measure depth across each transect. The depths were recorded 

both using the boat’s sounder and manual recordings were taken as depths changed. The 

depth profiles were then used to determine the configuration of the sampling nets at each site 

because the riverbed varied at each site (Fig 14-17). Shallow areas were set with one net and 

deep areas were set with two nets. The top nets were set at the surface, and the bottom nets 

were set approximately 2m off the riverbed. Two small floats were attached to the outside of 

the mouth of top nets and a singular small float was attached to bottom nets to keep the net 

off the riverbed. The nets were left in-situ for fifteen-minute periods. The values on the 

flowmeters were recorded before each net was deployed and upon retrieval, the flowmeters 

were recorded again and the difference between the two values was used to calculate the 

volume of water passing through the nets.   

 



54 
 

 

Figure 14: The acoustic doppler current profiles of site A and the positioning of nets set 
within the site. 

 

Figure 15: The acoustic doppler current profile of site B and the positioning of the nets 
within the site. 
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Figure 16: The acoustic doppler current profile of site C and the positioning of nets set at the 
site. 

 

Figure 17: The acoustic doppler current profile at site D and the positioning of the nets set at 
the site. 

Sampling Protocol 
Two teams were utilised in the sampling. Team one sampled sites A and C, and team two 

sampled sites B and D. To avoid the tidal lag and the sampling of the same larval stock, the 

two lower sites were sampled first. The two teams sampled simultaneously, and sampling 

was synchronised via phone call prior to starting at each site. Sampling at site A and B began 

at 6:15 pm following dusk, as Poorohe larvae undergo diel migration and enter the upper 
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water column at this time (Ward et al., 2005). After sampling and processing was completed 

at sites A and B, respectively, each team drove to their next site because it was safer than 

boating between sites due to the distance between sites, the river islands, and inability to sight 

hazards in the dark.  

Prior to sampling a transect was mapped using GPS. During each sampling event, buoys with 

lights were deployed on either side of the transect to aid the boat captain in navigating the 

transect. A boat hook was used to retrieve each net, and the mouth of the net was lifted into 

the boat first to avoid losing any larval out the net mouth.  

Site A, B, and D were not sampled on every sampling occasion due to river conditions that 

created health and safety concerns or concerns about losing equipment. Additionally, site A 

was sampled with six nets on two occasions and seven on one occasion. Site D also had 

issues with sampling, on one occasion two samples were not retrieved, another occasion only 

one net was set at the site because the nets were not holding with the flow conditions and on 

one occasion a cod-end broke in-situ. 

Field Sample Processing 
To wash all materials into the cod-end, the nets were scooped through the river water without 

the open mouth going under the water using a washing machine motion. Squeeze bottles 

filled with water from the river were used to rinse stubborn material into the cod-ends. This 

was done to avoid compromising the samples by introducing or releasing larvae from the 

nets. For the same reason, cod-ends were detached from the nets over an open 1.5 L 

hexagonal sample pottle. The cod-ends were rinsed through the mesh window into the pottle 

using the squeeze bottles. Samples with excess water were drained through a sieve that 

screwed onto the top of the pottles. Samples were preserved with a solution of 5% formalin 

and 0.01% Rose Bengal. Gloves were worn when handling the formalin solution and a drip 
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tray was used to prevent spills. Samples were then stored in NIWA (National Institute of 

Water & Atmospheric) Hamilton’s Dangerous Goods stores.  

Additional measurements 

Water Quality Measurements 
Water quality exo-sondes were deployed at sites B and C (Fig 18). The sondes were 

calibrated prior to deployment and recorded salinity levels, temperature, and dissolved 

oxygen concentrations. The sondes were housed in PVC piping and secured against existing 

structures in the river using BandIt straps and steel cable ties. The sondes were deployed on 4 

April 2024 and were retrieved on 4 July 2024. The sondes were calibrated to record data at 

15-minute increments. 

Figure 18: Position of the two sonde sites at sites B and C in Te Puuaha o Waikato (Google 
Earth n.d.). 

Acoustic doppler current profiles 
Cross-section profiles of water depth and velocity were taken at each site using a boat 

mounted Acoustic doppler current profiler (ADCP). The ADCP readings were taken along 
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the sampling transects and this took place during the day on a similar tidal level because of 

safety concerns related conducting the sampling transects simultaneously to sampling.  

Laboratory protocols 

Sample preparation 

To safely process the samples, the samples were first degassed. While handling the 

unprepared samples, including sealed containers, gloves were worn. The samples were 

moved from the Dangerous Goods stores to a fume hood. A funnel with a 250µm sieve was 

positioned into a waste formalin container and the sample was poured through the sieve. 

Samples were rinsed with tap water on the 250µm sieve for between 10- and 25-minutes until 

the water ran clear. Using a wide funnel, the sample was returned to the original 1.5 L 

container and filled with water. The sample was left in the fume hood to degas for 24 hours. 

The water was then drained off the de-gassed sample and replaced prior to sorting. 

Sorting and identification protocol 

Prepared samples were sorted under a Lecia binocular microscope. To ensure safety while 

handling the de-gassed samples, extraction pipes situated around the microscope were 

running while the samples were being sorted. All larval fish were removed individually from 

the sample using tweezers and preserved in 70% isopropyl alcohol. Once the larval fish were 

removed from the samples, the excess material was returned to their original 1.5L containers 

and left in a fume-hood to degas for three days. These were then drained, and the organic 

materials were disposed of. Larvae were identified and counted using McCarter (1994) and 

reference material from Baker and Bartels (2011). 
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Statistical Methods 

Larval density calculations 
Larval density was calculated using the volume of water passed through the net during the 

sampling period. The volume calculation used the difference in flowmeter readings from 

when the nets were deployed and retrieved. However, the filtering efficiency and accuracy of 

the flowmeters specifically in the bottom nets were influenced by the distance from the 

bottom the nets were set at. Therefore, when flowmeter readings were determined to be 

inaccurate (e.g. the flowmeter values had not moved or moved very marginally compared to 

other nets), judgements regarding accuracy were made based on readings from other nets at 

comparable sites and nets.  

The river flow from the ADCP transect was apportioned into sections where the nets were 

positioned. A 10m margin on each ADCP transect was not measured due to the accessibility 

of the margins. The positions of the nets were calculated by measuring the distances between 

the GPS co-ordinates of the nets and the halfway points between the net positions.  

At site A, the net positions were not calculated because the ACPD transect was not taken 

along the sampling transect because there were two different sets of co-ordinates recorded 

during the site profile surveying prior to sampling events and the wrong transect got used for 

the ADCP transect. Therefore, the proportion of the total transect that each net was located at 

was used in assigning distances from the true left bank for each net based on the total 

distance of the ADCP transect.  

In the larval density calculations, we standardised the river flow to 100m3s-1 because the 

combination of the river flow and outgoing tide created different flows across all four sites. 

Through standardising the river flow, the larval density of all sites were able to be compared. 
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The data was non-parametric and Kruskal-Wallis tests were run on the relationship between 

larval density and sites and the relationship between larval density and sampling events. 

Additionally, a Mann-Whitney U non-parametric test was run to compare larval densities in 

top and bottom nets. 

Water quality measurements 
Time series graphs for the temperature, salinity and dissolved oxygen concentrations were 

plotted for both water quality sondes. The water quality sondes were calibrated prior to 

deployment and were deployed on 4 April 2024 at low tide. The sondes were retrieved on 4 

July at low tide and processed following retrieval. The water quality sonde at site C 

malfunctioned and only recorded from 4 April 2024 to 26 April 2024. Temperature was 

measured in degrees Celsius, salinity was measured in Practical Salinity Units (PSU), and 

dissolved oxygen was measured in mg/L.  

Since there was a period either side of the deployment where the sonde was recording but not 

in-situ, data recorded before 12pm the day of deployment and 12am the day of retrieval was 

removed prior to analysis.  

Results 

Water quality 
Overall, the water temperature gradually decreased from approximately 20˚C to 10˚C 

between 4 April and 4 July 2024 (Fig 19). There were small daily fluctuations; however, 

these fluctuations do not have an overall influence on the water temperature trend (Fig 19). 

The maximum temperature reached at site B was 19.9˚C in April and minimum temperature 

was 7.2˚C in July (Table 2). Similarly, the temperature profile at site C experienced small 

daily fluctuations but is overall decreasing (Fig 19). The maximum temperature at both sites 

were comparable; however, the minimum temperature at site C only dropped as low as 16.4C 

in late April (Table 2 & Table 3).  
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Figure 19: The temperature profile measured in degrees Celsius (˚C). Site B (black) 
temperature profile measured from 4 April 2024 and 4 July 2024. The temperature profile of 
site C (blue) temperature profile measured from 4 April 2024 to 26 April 2024. 
The dissolved oxygen concentrations at site B experienced significant daily fluctuations, with 

peaks and troughs appearing regularly (Fig 20). Between April and mid-May there was a 

steady decrease in dissolved oxygen concentrations; however, the concentration began to 

increase over June (Fig 20). Similarly, the dissolved oxygen concentration at site C 

experienced small daily fluctuations; however, the dissolved oxygen concentration was 

higher at site C compared to site B (Fig 20). During the operational period of the site C 

sonde, the dissolved oxygen concentrations had a large peak following the sonde deployment 

(Fig 20). The maximum dissolved oxygen concentration reached was 11.62mg/L and the 

minimum concentration observed was 7.46mg/L (Table 3). Site B had a similar profile of 

dissolved oxygen concentrations, where the maximum concentration was 11.25mg/L and the 

minimum concentration was 5.43mg/L (Table 2). 
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Figure 20: Dissolved oxygen concentration profile measured in mg/L. Site B (black) 
dissolved oxygen concentration measured between 4 May 2024 and 4 July 2024. Site C (blue) 
dissolved oxygen profile measured between 4 April 2024 and 26 April 2024 
Site B had periodically elevated salinity levels that were influenced by high tides. Peaks in 

salinity levels indicated high tides. The salinity concentration of site B ranged between 

0.00PSU and 25.87PSU between April and July (Table 2). Through early April, there are 

high daily oscillations of salinity levels at site B (Fig 21). The high salinity levels at site B 

were more sporadic through May, June, and early July (Fig 21). The salinity profile of site C 

was stable which is expected because saltwater does not exceed the river islands (Fig 21). 

The minimum salinity was 0.000PSU, and the maximum salinity was 0.079PSU (Table 2). 
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Figure 21: The salinity profile measured in PSU. Site B (black) salinity profile was measured 
between 4 April 2024 and 4 July 2024. Site C (Blue) measured between 4 April 2024 and 26 
April 2024. 

Table 2: Summary of water quality profiles (Temperature (˚C), Salinity (PSU), Dissolved 
Oxygen (mg/L). Measurements taken from Site B between 4 April 2024 and 4 July 2024. 

 Temperature (°C) Salinity (PSU) Dissolved Oxygen 
(mg/L) 

Min 7.24 0.003 7.75 

1st Quartile 13.26 0.11 8.31 

Median 14.91 0.84 8.16 

3rd Quartile 16.52 0.21 8.68 

Max 19.95 15.87 11.25 

 



64 
 

Table 3: Summary of water quality measurements (Temperature (˚C), Salinity (PSU), 
Dissolved Oxygen (mg/L). Measurements taken from site C between 4 April 2024 and 26 
April 2024. 

 Temperature 
(°C) 

Salinity (PSU) Dissolved Oxygen (mg/L) 

Min 16.35 0.000 7.46 

1st Quartile 17.71 0.075 8.4 

Median 18.25 0.076 8.60 

Mean 18.30 0.076 8.73 

3rd Quartile  19.12 0.077 8.97 

Max 19.20 0.079 11.62 

 

Larval density 
The larval densities across all four sites overlapped. Site B appeared to have a larger 

interquartile range and higher median in comparison to the other three sites (Fig 22). Site D 

has the smallest interquartile range (Fig 22). Outliers were present at sites A, C and D with 

high caches represented (Fig 22).  However, there was no statistically significant difference 

in larval densities among sites (p-value = 0.41) (Table 4).  

Across the sampling events there is some variation in larval density across the four sites (Fig 

16). The sampling event on the 15 May 2024 has the most variation in larval density with a 

large interquartile range at sites B and D on this date (Fig 23). There were some outliers at 

site A in the sampling event on the 1 May 2024 and site D on the 30 May 2024 (Fig 23). 

Despite the variation across the sampling events, there was no significant difference in larval 

densities across the four sampling occasions (p-value =0.71) (Table 4). 

  


