
Working with our communities for a better environment 
E mahi ngatahi e pai ake ai te taiao

2010/2011 Rotorua Lakes Trophic Level Index Update
Prepared by Paul Scholes, Environmental Scientist

Bay of Plenty Regional Council
Environmental Publication 2011/17
December 2011

5 Quay Street
P O Box 364
Whakatane
NEW ZEALAND ISSN: 1175-9372 (Print)

ISSN: 1179-9471 (Online)



 



 
 
 
 

 
 
 
2010/2011 Rotorua Lakes 
Trophic Level Index 
Update 
 

 
Environmental Publication 2011/17 
ISSN: 1175-9372 (Print) 
ISSN: 1179-9471 (Online) 
 
December 2011 
 
Bay of Plenty Regional Council 
5 Quay Street 
PO Box 364 
Whakatāne 3158 
NEW ZEALAND 
 
 
 
 
Prepared by Paul Scholes, Environmental Scientist 
 
 
 
Cover Photo: Rotoehu Hornwort 2006 
 

 





 

Environmental Publication 2011/17 – 2010/2011 Rotorua Lakes Trophic Level Index Update i 

Acknowledgements 

Thanks to the team from Environmental Data Services (EDS) who collect all the data and the 
laboratory for looking after the analyses. 

 





 

Environmental Publication 2011/17 – 2010/2011 Rotorua Lakes Trophic Level Index Update iii 

Executive summary 

Lake water quality has been monitored in the Rotorua District lakes by the Bay of Plenty 
Regional Council since 1990. This is carried out under the Natural Environment Regional 
Monitoring Network (NERMN), a programme for general ‘state of the environment’ 
monitoring.  

The objective of this report is to update the Trophic Level Index (TLI) for the 12 Rotorua 
Lakes with the data collected on the lakes from 1 July 2010 to 30 June 2011. The TLI is an 
indicator of the environmental quality of a lake and is composed of two biological and two 
chemical components. 

Many of the lakes display stable TLI’s over the past few years. Several lakes TLI for 
2010/2011 showed an improvement, these were Lakes Rerewhakaaitu, Rotoehu and 
Tikitapu. In the case of Lake Rotoehu improvement has been occurring as part of the 
remediation action, for other lakes improvement is more likely to be climatically driven and 
may not reflect any long term trend. Lake Rotokakahi has shown a decline in water quality in 
recent years with prevalent cyano-bacteria blooms occurring in 2011. 

Eight lakes (nine including Rotokakahi) now exceed the TLI set in the Regional Water and 
Land Plan (the RWLP) by 0.2 TLI units. Method 41 of the RWLP requires Action Plans to be 
developed where the three-yearly average TLI is exceeded by 0.2 units for two consecutive 
years. Under this method new Action Plans have been initiated for Lakes Ōkataina, 
Rotokakahi and Tarawera. Method 41, stage 3 has also been triggered for Lake 
Rerewhakaaitu. 
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Part 1:  Introduction 

Lake water quality has been monitored in the Rotorua District lakes by the Bay of Plenty 
Regional Council since 1990. This is carried out under the Natural Environment Regional 
Monitoring Network (NERMN), a programme for general ‘state of the environment’ 
monitoring.  

The objective of this report is to update the Trophic Level Index (TLI) for the 12 Rotorua 
Lakes (Figure 1.1) with the data collected on the lakes from 1 July 2010 to 30 June 2011. 
The TLI is an indicator of the environmental quality of a lake and is composed of two 
biological and two chemical components. 

The Rotorua Lakes are sampled monthly. Each lake is sampled at single or multiple deep 
water sites. Lake Rotokakahi was previously sampled only at the lake outlet but lake 
sampling was continued in 2009. Profiles of temperature, dissolved oxygen, conductivity and 
fluorescence are recorded by a data logger with appropriate sensor arrays. Sampling is 
dependent upon lake stratification with samples taken to represent the epilimnion (top layer) 
and the hypolimnion (bottom layer). For a more detailed explanation of the TLI and the 
parameters that combine to make it see Scholes (2009) or Burns et al. (2000). 

TLI analysis has been performed with the aid of the LakeWatch database. The LakeWatch 
database software is a useful tool for monitoring the trends in a lake’s chemical and physical 
state by the computation of a Trophic Level Index (TLI), and reinforces the value of long-term 
and continuous monitoring of the water quality in the region’s lakes 

Each lake has an objective TLI based on past lake water quality (Objective 11 of the 
Regional Water and Land Plan (RWLP)). If a lake TLI exceeds the TLI stated in the Plan by 
0.2 TLI units (based on a three year moving average) for two years then Method 41, Stage 3 
applies. 

Method 41 involves the development and implementation of action plans formulated in 
conjunction with appropriate stakeholders with the aim of improving water quality.  

For each of these lakes action plans have been or will be developed. These plans will be 
instrumental in formulating management decisions that once implemented will help to reduce 
the nutrient load to lakes, enhance water quality, and/or halt deterioration of the relevant 
lake.  

A standardised procedure known as ‘LakeSPI’ (Submerged Plant Indicators) is also 
conducted on all of the lakes to assess the presence and extent of native and invasive 
species. The 2010/2011 results are given in this report. 
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Figure 1.1 Location of the Rotorua Lakes and water quality monitoring sites. 
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Part 2:  TLI Results and Discussion 

The three year average TLI’s for the 12 Rotorua Lakes have been calculated for the 
2010/2011 year and are presented in Table 2.1 along with lake type and Lake SPI condition. 
The TLI trends for individual lakes are presented in Figures 2.1, 2.3 and 2.4. 

Table 2.1 Three-yearly average TLI values for the Rotorua District lakes in comparison 
to the TLI values set in the Regional Water and Land Plan, and LakeSPI 
condition. 

Lake 

Regional 
Water & Land 
Plan TLI units 

3-yearly 
average 
TLI to 
2008 

TLI units 

3-yearly 
average 
TLI to 
2009 

TLI 
units 

3-yearly 
average 
TLI to 
2010 

TLI units 

3-yearly 
average 
TLI to 
2011 

TLI units 

2010/2011 
Annual TLI 
(± se) 

 

TLI units 

Lake Type 

 based on 
Trophic 
Level 

LakeSPI 
Condition 

2010/2011 

 

Ōkaro  
5.0 

5.3 5.3 5.1 5.1 5.23 ± 0.3 Supertrophic Moderate 

Rotorua  
4.2 

4.8 4.7 4.7 4.6 4.35 ± 0.29 Eutrophic Poor 

Rotoehu 
3.9 

4.5 4.5 4.5 4.4 4.14 ± 0.19 Eutrophic Poor 

Rotomahana 
3.9 

3.9 4.0 4.0 4.0 4.10 ± 0.41 Mesotrophic Moderate 

Rotoiti 
3.5 

4.0 3.9 3.9 3.9 3.87 ± 0.3 Mesotrophic Poor 

Rerewhakaaitu 
3.6 

3.6 3.7 3.8 3.8 3.71 ± 0.17 Mesotrophic Moderate 

Okareka 
3.0 

3.3 3.3 3.2  3.3 3.23 ± 0.17 Mesotrophic Moderate 

Tikitapu 
2.7 

3.0 3.0 3.1 3.0 2.76 ± 0.20 Oligotrophic Moderate 

Ōkataina 
2.6 

2.8 2.8 2.8 2.8 2.83 ± 0.24 Oligotrophic Moderate 

Tarawera 
2.6 

2.9 2.9 2.8 2.8 2.95 ± 0.41 Oligotrophic Moderate 

Rotoma 
2.3 

2.5 2.5 2.4 2.3 2.27 ± 0.07 Oligotrophic High 

Rotokakahi* 
3.1 3.8 4.0 4.3 4.2 3.81 Mesotrophic Moderate 

Italicised figures are based on Te Wairoa Stream monitoring and a 3-parameter TLI (no secchi disk). 

All of the lakes have exceeded the TLI objective set in the RWLP (Objective 11) with the 
exception of Lake Rotoma. Method 41 of the Plan requires Action Plans to be implemented 
where the three-year average TLI is exceeded by 0.2 units for two consecutive years. This 
threshold has been reached for most of the lakes with the exceptions of Lakes Rotomahana 
and Rerewhakaaitu. 

Action Plans have been completed for Lakes Okareka, Ōkaro, Rotoehu, Rotorua-Rotoiti and 
Rotoma. Lakes Tarawera, Rerewhakaaitu, and Ōkataina have action plan processes 
underway or will have in the coming year. An action plan for Rotomahana is less urgent as 
the TLI does not exceed the 0.2 unit trigger. 
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Although the annual TLI for Rerewhakaaitu has improved on last year’s annual TLI, the 
resulting three year average for 2010/2011 means that Method 41 of the RWLP is triggered. 
Both nitrogen and phosphorous concentrations in the lake improved compared to the 
previous years although stratification events were observed for December, January and 
February. The LakeSPI survey indicates a recent decline in native charophytes which is 
attributed to a decline in water clarity, as invasive Egeria is yet to influence all of the lake. 
The farming community continues to work with the Council, Fruition Horticulture and 
AgResearch with aid of the Sustainable Farming Fund to reduce nutrient loads through farm 
nutrient management plans.  

Lake Ōkāreka’s TLI remains stable. Nitrogen lake concentrations have been reducing over 
the past five years, but phosphorous concentrations have been variable with a steady 
increase in both the hypoliminion and epilimnion in the past three years. 

It may be too early to say that an improvement in Lake Tikitapu’s water quality is the result of 
sewage waste reticulation. Nevertheless, the annual TLI is one of the lowest seen in 
15 years. Both nitrogen and phosphorous show a marked reduction, and a there is large 
increase in average annual water clarity from last year (> 3.4m). Lake Tikitapu still remains 
one of the lakes to show the greatest change in LakeSPI over the past 20 years although no 
new impacts from invasive species have been experienced (NIWA, 2011). 

The biggest threat to Ōkataina is the recent hornwort invasion. The TLI remains stable and it 
is another lake to show an increase in phosphorous in the 2010/2011 year.  

A large increase in the annual average phosphorous concentration in Lake Tarawera may be 
a result of a higher than average annual rainfall. The hypolimnion reached lower oxygen 
levels in 2011 than previously experienced, which may signal decreasing water quality. 
However, hypolimnetic volumetric oxygen demand has not increased markedly in 
comparison to other years. 

Lake Rotomā’s annual TLI has been below the 2.3 target for the past two years resulting in a 
three year average TLI of 2.3, returning to the objective TLI level after eight years above it. A 
steady reduction in nitrogen is the main driver for attaining target TLI, although average 
annual phosphorous showed a reduction last year. This year’s phosphorous shows an 
increase. As the most oligotrophic lake of the Rotorua group the lake still remains at risk from 
nutrient increases and invasive hornwort found in the neighbouring lakes. 

The TLI result for the 2010/2011 for Lake Rotokakahi based upon results of monitoring of the 
Te Wairoa Stream has displayed a significant reduction compared to last year even though 
several algal blooms were observed in late autumn. Such blooms may be in part the cause of 
fish kills in the Te Wairoa Stream occurring at the end of May 2011. Anabaena 
lemmermannii, a known cyanotoxin producing cyanobacteria species was identified as the 
main bloom species. Toxin analysis undertaken after the fish kill event found levels elevated 
but at levels unlikely to kill fish. It remains unknown the exact cause of fish mortality. It is 
likely that multiple stressors occurred as a result of the bloom or associated event resulting in 
the deaths. 
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Part 3:  Conclusion 

Clear improvements in TLI’s for some lakes have been observed for the 2010/2011 year (see 
Table 3.1). Lake Rotoehu stands out as a lake showing a trend of improving water quality 
due to remedial action undertaken in the lake. Lakes over the past year have been impacted 
by the higher the average rainfall, some detrimentally. Lake Ōkaro’s TLI increased and 
although Lake Rotokakahi’s TLI has shown a small improvement, cyano-bacterial algal 
blooms indicate a change in lake ecology and trophic status. 

Lake Ōkaro remains classified as supertrophic; next year’s TLI may reveal if lake remediation 
measures in this lake catchment continue to help in achieving the water quality target for the 
lake (Table 3.1).Two lakes remain eutrophic, with four lakes being mesotrophic. Lake 
Tikitapu is still on the boundary of the mesotrophic/oligotrophic classifications and if it 
improves further could meet its oligotrophic target. Three lakes are oligotrophic with Lake 
Rotomā stable at its TLI objective.  
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1993  4.7    3.4    2.9  
1994 5.5 4.7 4.5 3.9  3.2    2.8  
1995 5.5 4.7 4.9 3.9 3.8 3.2 3.0 2.8 2.7 2.8 2.3 
1996 5.5 4.6 4.7 3.8 3.8 3.4 3.1 2.6 2.6 2.7 2.2 
1997 5.7 4.5 4.6 3.9 3.8 3.7 3.3 2.6 2.5 2.6  
1998 5.9 4.6 4.6 3.8 3.8 4.0 3.3     
1999 6.0 4.5 4.6 3.8 3.9 4.0 3.3     
2000 6.0 4.6 4.6 3.7 4.0 4.1 3.2     
2001 5.7 4.6 4.6 3.7  3.6 3.2     
2002 5.4 4.8 4.7   3.4 3.2     
2003 5.5 4.9 4.7 3.6  3.4 3.1 3.1 3.0 2.9  
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2011 5.1 4.6 4.4 4.0 3.9 3.8 3.3 3.0 2.8 2.8 2.3 

C
la

ss
if

ic
at

io
n

 

S
up

er
tr

op
hi

c 

E
ut

ro
ph

ic
 

M
es

ot
ro

ph
ic

 

 

O
lig

ot
ro

ph
ic

 

 
Table 3.1 Three-yearly annual average TLI, RWLP objective TLI and lake classifications 

(TLIs in bold are above the RWLP objective TLI, coloured shading indicates 
trophic status). 

Eight lakes (nine including Rotokakahi) exceed the TLI set in the RWLP and trigger Method 
41, Stage 3 of the Plan that calls for Action Plans to be implemented.  
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Action Plans have been initiated for Lakes Ōkataina, Rotokakahi and Tarawera. Method 41 
has now been trigger for Rerewhakaaitu and Lake Rotomahana remains the only lake not to 
have triggered Method 41. 

Remediation works aimed at reducing nutrient input and nutrient cycling within these lake 
catchments have been taking place and in many cases are showing success. Further actions 
are planned and monitoring will continue to determine on-going water quality gains. 
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Appendix 1 – TLI Reports 
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