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Executive summary 

The objective of this investigation was to evaluate fish abundance and community 

composition upstream and downstream of the Huntly Power Station (HPS) discharge by boat 

electrofishing. We fished 8 sites over 1,633 m of river length (6,532 m2 in area). Four sites 

were above and four sites were below the HPS thermal discharge. Fishing was conducted in 

water depth of about 0.3 - 2 m. For most of the fished length, a dense riparian zone of 

willows prevented access to the river bank.   Shallow water at the shoreline prevented boat 

navigation, and thus fishing, between the HPS outfall and site 5, which was about 480 m 

downstream. Sparse hornwort grew in places, but the river bed was mostly sand with some 

mud.  

In 3.5 h of fishing we caught a combined total of 331 fish and 67 shrimp at the 8 sites. Smelt 

were the most numerous fish species, followed by grey mullet, koi carp, and shortfin eels. 

Common smelt were twice as abundant below the power station as above. Grey mullet were 

equally abundant above the power station on average, but were most abundant immediately 

below the Lake Waahi outlet. Shortfin eels were more abundant upstream of the power 

station then below, but previous sampling has shown that boat electrofishing undersamples 

eels. Goldfish were more abundant upstream of the power station, whereas koi carp were 

twice as abundant by biomass downstream of the HPS than upstream. 

Of the 168 kg of fish caught, koi carp comprised 99 kg (59%) and grey mullet 58 kg (35%). 

Shortfin eels comprised 7.3 kg, but this is not a representative sample. Koi carp were most 

abundant in the reach immediately below the HPS, with a biomass of 35 g m-2. The water 

temperature at site 5 at the time of sampling was 23°C, compared to an ambient temperature 

of 19oC upstream of the HPS outfall, showing the influence of the heated outfall water at site 

5. Grey mullet biomasses were high compared to previous catches by the same method in the 

Waikato River, and appeared to be inversely related to koi carp biomass, suggesting possible 

competitive exclusion. Goldfish were most abundant immediately below Lake Waahi stream, 

and were not caught below the HPS except for the most downstream site where koi carp were 

least abundant. 

This limited sampling suggests that koi carp had the greatest biomass of any fish species, and 

were aggregated immediately downstream of the HPS. Previous work suggests that a single 
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electrofishing pass catches about half of the fish present. The method is known to under-

sample eels and catfish, but is a robust semiquantitative tool to estimate relative fish 

abundance. 

 

Introduction 

The objective of this investigation was to evaluate fish abundance and community 

composition upstream and downstream of the Huntly Power Station (HPS) by boat 

electrofishing in order to contribute to effects assessment of the thermal discharge. Huntly 

Power Station is operated by Genesis Energy Ltd, and the electrofishing boat (Hiko Hï Ika) is 

the only one in New Zealand at present. 

 

Methods 

The fishing survey took place on 15 November 2010 (1300 h –1630 h) with the University of 

Waikato's 4.5-m electrofishing boat. Eight sites were fished, four upstream of the HPS 

thermal discharge and four downstream (Figure 1).  In the upstream reach above the HPS, 

two sites were upstream of the Lake Waahi outlet and two were below.  At each site we 

fished for 10-minutes (termed shots). All fishing was conducted within 10-20 m of the true 

left bank. The lengths of the sampled reaches were between 145 m and 247 m long (582 to 

1080 m² in area; Table 1) (recorded with a Garmin 60CSx GPS). Black disc (Davies-Colley 

1988.), a measure of underwater visibility, was 0.55 m. Water temperature was 18.6oC within 

10 m of the true left bank just upstream of the Lake Waahi outlet at 1310 h; at the same site 

and time, ambient electrical conductivity was 135.6 µSeimens cm-1, and specific conductivity 

was 154.5 µSeimens cm-1. Water temperature within 10 m of the true left bank downstream 

of the thermal discharge at site 5 at 1500 h was 23oC; ambient electrical conductivity was 

156.4 µSeimens cm-1, with a specific conductivity was 160.4 µSeimens cm-1. We operated 

the electrofishing boat at 55-60% of low range voltage (100-500 V) and 60 pulses s-1 to 

produce a current of 3-4 A root mean square.  
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Results and conclusions 

Density 

In 3.5 h of fishing we caught a combined total of 327 fish and 67 shrimp at the 8 sites (Table 

1A). Smelt were the most numerous fish species, followed by grey mullet, koi carp, and 

shortfin eels. Common smelt were twice as abundant below the power station is above (Table 

1B). Grey mullet were equally abundant above the power station on average, and were most 

abundant immediately below the Lake Waahi outlet. Shortfin eels and common bullies were 

more numerous upstream of the power station than below (ANOVA P < 0.05, but other 

species were not significantly different in abundance between upstream and downstream 

sites. Goldfish were caught only immediately below the Lake Waahi outlet, where they were 

most abundant, and at the most downstream site, where koi were least abundant.  

Biomass 

Of the 168 kg of fish caught, koi carp comprised 99 kg (59%) and grey mullet 58 kg (35%; 

Table 2A). Shortfin eels comprised 7.3 kg, but this is not a representative sample. The 

greatest biomass of koi carp was found at site 5 (35 g m-2), closest to the discharge (i.e., 

where water temperature was warmest , i.e., 23 ºC). Grey mullet biomass appeared to be 

inversely related to koi carp biomass (Table 2B). The largest biomass of goldfish was found 

immediately below the Lake Waahi outlet.   
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Table 1. Number and density of fish and shrimps caught by boat electrofishing in eight 10-

minute shots on the lower Waikato River above and below the Huntly Power Station on 15 

November 2010. HPS = Huntly Power Station. 

 

A. Number of fish per 10-min shot. 

Site
Length 
(m)

Area 
(m2)

Banded 
kokopu Inanga

Common 
smelt 

Common 
bully

Shortfin 
eel Gambusia Goldfish Koi carp

Grey 
mullet Rudd

Brown 
bullhead 
catfish Paratya

Total 
fish

Upstream HPS
3 184 736 0 5 12 1 4 0 1 3 0 0 0 5 26
4 186 744 0 2 14 2 5 0 0 2 0 0 0 7 25

Downstream L. Waahi outlet
1 145 580 0 1 7 0 3 10 7 4 15 0 1 8 48
2 150 600 1 0 8 1 5 0 2 4 9 0 0 31 30

Mean upstream HPS 0.3 2.0 10.3 1.0 4.3 2.5 2.5 3.3 6.0 0.0 0.3 12.8 32.3
Downstream HPS

5 270 1080 0 1 25 0 2 0 0 18 0 0 0 7 46
6 206 824 0 0 12 0 0 1 0 5 5 0 2 1 25
7 245 980 0 3 57 0 1 0 0 6 19 0 1 0 87
8 247 988 0 0 10 0 4 0 3 4 22 1 0 8 44

Mean downstream HPS 0.0 1.0 26.0 0.0 1.8 0.3 0.8 8.3 11.5 0.3 0.8 4.0 50.5
Total 1,633 6,532 1 12 145 4 4 11 13 46 70 1 24 67 331

Number of fish and Paratya shrimps per 10 min shot

 

B. Density of fish and Paratya shrimps. 

Site
Length 
(m)

Area 
(m2)

Banded 
kokopu Inanga

Common 
smelt 

Common 
bully

Shortfin 
eel Gambusia Goldfish Koi carp

Grey 
mullet Rudd

Brown 
bullhead 
catfish Paratya

Total 
fish

Upstream HPS
3 184 736 0.00 0.68 1.63 0.14 0.54 0.00 0.14 0.41 0.00 0.00 0.00 0.68 3.53
4 186 744 0.00 0.27 1.88 0.27 0.67 0.00 0.00 0.27 0.00 0.00 0.00 0.94 3.36

Downstream L. Waahi outlet
1 145 580 0.00 0.17 1.21 0.00 0.52 1.72 1.21 0.69 2.59 0.00 0.17 1.38 8.28
2 150 600 0.17 0.00 1.33 0.17 0.83 0.00 0.33 0.67 1.50 0.00 0.00 5.17 5.00

Mean upstream HPS 0.04 0.28 1.51 0.14 0.64 0.43 0.42 0.51 1.02 0.00 0.04 2.04 5.04
Downstream HPS

5 270 1080 0.00 0.09 2.31 0.00 0.19 0.00 0.00 1.67 0.00 0.00 0.00 0.65 4.26
6 206 824 0.00 0.00 1.46 0.00 0.00 0.12 0.00 0.61 0.61 0.00 0.24 0.12 3.03
7 245 980 0.00 0.31 5.82 0.00 0.10 0.00 0.00 0.61 1.94 0.00 0.10 0.00 8.88
8 247 988 0.00 0.00 1.01 0.00 0.40 0.00 0.30 0.40 2.23 0.10 0.00 0.81 4.45

Mean downstream HPS 0.00 0.10 2.65 0.00 0.17 0.03 0.08 0.82 1.19 0.03 0.09 0.39 5.16

Density of fish and Paratya  shrimps (number 100 m‐2)
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Table 2. Biomass of fish and shrimps caught by boat electrofishing in eight 10-minute shots 
on the lower Waikato River above and below the Huntly Power Station on 15 November 
2010. HPS = Huntly Power Station. 

A. Biomass of fish (kg) per 10-min shot (blank cells are zero). 

Site
Length 
(m) Area (m2) Koi carp

Grey 
mullet

Shortfin 
eel Goldfish

Brown 
bullhead 
catfish Rudd Total

Upstream HPS
3 184 736 8.5 0.0 1.1 0.1 0.0 0.0 9.8
4 186 744 5.6 0.0 1.0 0.0 0.0 0.0 6.6

Downstream L. Waahi outlet
1 145 580 3.3 14.7 3.3 2.0 0.3 0.0 23.6
2 150 600 6.4 8.6 1.0 0.5 0.0 0.0 16.4

Mean 166 665 5.9 5.8 1.6 0.6 0.1 0.0 14.1
Downstream HPS

5 270 1080 37.5 0.0 0.3 0.0 0.0 0.0 37.9
6 206 824 12.4 4.8 0.0 0.0 0.7 0.0 17.8
7 245 980 19.5 14.8 0.1 0.0 0.4 0.0 34.9
8 247 988 5.8 15.8 0.4 0.5 0.0 0.3 22.8

Mean 242 968 18.8 8.8 0.2 0.1 0.3 0.1 28.3
Total 99.1 58.7 7.3 3.0 1.3 0.3 169.7

Biomass of fish per 10‐min shot (kg)

 

B. Areal fish biomass. 

Site
Length 
(m) Area (m2) Koi carp

Grey 
mullet

Shortfin 
eel Goldfish

Brown 
bullhead 
catfish Rudd

Upstream HPS
3 184 736 11.60 0.00 1.51 0.15 0.00 0.00
4 186 744 7.48 0.00 1.39 0.00 0.00 0.00

Downstream L. Waahi outlet
1 145 580 5.70 25.39 5.67 3.38 0.51 0.00
2 150 600 10.62 14.25 1.69 0.78 0.00 0.00

Mean upstream HPS 8.85 9.91 2.56 1.08 0.13 0.00
Downstream HPS

5 270 1080 34.75 0.00 0.30 0.00 0.00 0.00
6 206 824 15.00 5.81 0.00 0.00 0.80 0.00
7 245 980 19.95 15.14 0.12 0.00 0.37 0.00
8 247 988 5.91 15.94 0.42 0.47 0.00 0.33

Mean downstream HPS 18.90 9.22 0.21 0.12 0.29 0.08

Biomass of fish (g m‐2)
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Conclusions 

In our limited sampling, koi carp had the greatest biomass of any fish species. The warm 

water below the HPS outfall caused koi carp to aggregate immediately downstream of the 

HPS, and inverse biomasses suggest that koi carp displace grey mullet. Koi carp biomass 

estimates made in this investigation were within the range made by boat electrofishing at 

other sites in the Waikato River, but grey mullet biomass was more than double the 

maximum biomass recorded previously. We found grey mullet biomass up to 25 g m-2 in this 

survey compared to a maximum of 11 g m-2 in February 2005 (Hicks et al. 2005). This 

difference may be a response to the Lake Waahi outlet and Huntly Power Station outfall, or 

may be a seasonal response. 

Previous work suggests that a single-pass boat electrofishing catches about half of the fish 

present (Hicks et al. 2006). The method is known to under-sample eels and catfish, but is a 

robust semi-quantitative tool to estimate relative fish abundance. Despite these limitations, 

these results show that boat electrofishing is a very efficient method for rapid evaluation of 

comparative fish abundance in non-wadeable habitats.  
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