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Introduction

This is the second report updating information on the changes in Lake Rotoiti and the outflow from the lake to the Kaituna River, following construction of the Ohau Channel diversion wall.  The previous report (1 April 2009) cautioned that it was too early to demonstrate conclusive evidence of change.  Professor Hamilton, in his evidence to the resource consent hearing considered that modelling had shown that there would be a 40% reduction in summer blue-green algal chlorophyll a in 3 – 5 years, in Lake Rotoiti, following the diversion.  Putting aside the specific nature of the prediction, it is reasonable to expect that within that timeframe the magnitude of the change will be certain.  
Since the first report was completed, blue green algal blooms have occurred in Lake Rotorua and have affected the quality of the Ohau Channel, the Okere Arm of Lake Rotoiti and the Kaituna River.
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The plots above show that in April 2009 the chlorophyll a levels in the Okere Arm were identical with the levels in the Ohau Channel.  The vertical line denotes the completion of the diversion wall.  This caused some consternation among residents of the Okere Arm as the chlorophyll was that of a dense blue green algal bloom.  Similar levels of chlorophyll were present in the channel from the previous two mid-winter samplings.  Diatoms and green algae predominate at those times and are much less obvious and present no health threat.  The problem in late summer and autumn was with the poor quality of Lake Rotorua water and this reinforces the urgency of reducing the nutrient load being discharged to Lake Rotorua from its catchment.
Lake Rotoiti clarity and total nitrogen and phosphorus concentrations
The clarity of Lake Rotoiti has continued to improve with the secchi disc depth being mostly in the 4 – 6 m range since the completion of the diversion wall.    
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Turbidity measurements commenced in Lake Rotoiti in 2001/2002 about the time the lake-wide summer blue-green algal blooms commenced.  Turbidity was found to be very low in November and December 2008 consistent with the improved clarity but increased in April 2009.  It is apparent that turbidity and secchi disc clarity are measuring different sets of phenomena and do not necessarily follow the same track.
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The level of chlorophyll a is used as a measure of the amount of algae in the lake water.  This fluctuates over an annual cycle.  Towards the start of the period recorded in this data set ie 1991 to the end of 2008, the highest chlorophyll levels in Rotoiti and hence the greatest algal concentrations were in mid-winter when the lake mixed following 9 months of thermal stratification.  Algae benefited from the re-injection of nutrients that had settled out of the surface layer in to the bottom water plus from nutrients released from the bottom sediments.  In 2003 and 2004 high chlorophyll levels were present over summer reflecting the abundance of blue-green algae in the surface waters.  This subsided in severity but blue-green algal blooms still occurred in subsequent years.  In the summer of 2008/2009 low chlorophyll a levels have been recorded initially in Rotoiti but increased in February.  

Blue-green algal numbers rose in parts of Lakes Rotorua and Rotoiti in mid February 2009 causing a warning regarding the risk to bathing for Holdens Bay, Rotorua, Okawa Bay, Rotoiti and the Okere Arm, Rotoiti.  The algal monitoring is carried out at weekly intervals and results are available a few days after monitoring to provide health alerts (a later section of this report shows the results of weekly monitoring). 
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Below is a graph showing dissolved reactive phosphorus and total phosphorus levels in Lake Rotoiti in two time scales.  The data points represent all the samples (surface and depth) taken on each monthly monitoring occasion.  When the lake stratifies in September the bottom water are isolated from the surface waters.  Algal remains and detritus from the surface sink into the bottom waters and decompose.  Eventually all the oxygen is consumed at the sediment water interface and nutrients begin to flow from the sediment to the lake water.  In the graph below this annual cycle can be seen with the lake fully mixed in June and the subsequent separation of surface (decreasing phosphorus) and bottom waters (increasing phosphorus). The most recent data shows higher phosphorus release in the bottom water than occurred in the previous two years.  It appears that there may have been mixing events in the late summer of the previous year.  That is very unusual but strong westerly winds could cause unseasonal mixing.   
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The total nitrogen changes are similar to that of phosphorus except that the annual cycles are not as obvious.  Since the diversion wall has been completed there is a marked decline in total nitrogen concentration that is not apparent with phosphorus levels.  
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Comparison of water from the Ohau Channel and Okere Falls

One of the fears of downstream communities was that the diversion wall would degrade the waters of the Kaituna River as well as estuarine and marine waters.  Some water quality parameters are plotted for the outflows of each lake to demonstrate the nature of any changes in the quality of water flowing down the Kaituna River.

About half the water flowing in the lower Kaituna River is sourced from Lakes Rotorua and Rotoiti with the rest coming from the wider catchment downstream of the lakes.  The diversion wall has slightly altered the flow regime so that the outflow to the Kaituna from the lakes is about 16:5 (Rotorua: Rotoiti) water all of the time.  Before the wall was constructed the Kaituna source water was 16:5 (Rotorua:Rotoiti) water 50% of the time and 100% Rotoiti water the other 50% of the time.  When it was 100% Rotoiti water that water was still sourced 16:5 Rotorua:Rotoiti but the mixture had a residence time in Rotoiti of about one and a half years.

This simplifies the situation and ignores rainfall or low flow events which might affect the lake catchments to different extents.

The first plot is of suspended solids in the Ohau Channel ie the outflow from Lake Rotorua and Okere Falls ie the combined outflow from Lake Rotoiti and Rotorua.  

Around the outlet to Lake Rotorua an extensive shallow shelf forms a settlement area for detritus of plant and algal matter.  Frequently strong westerly winds stir this water up and the discharge to the Ohau Channel becomes turbid and solids are transported to Rotoiti.  Here they tend to settle out in the deeper water of Rotoiti.  Before the wall was constructed these solids would have been distributed to the Okere Arm 50% of the time and to the main basin of Rotoiti 50% of the time.   Now they will be distributed to the Okere Arm all of the time.  

Since the start of 2009 the suspended solids levels have increased in the Ohau Channel.  About half of these solids settle out in the Okere Arm and half are discharged to the Kaituna River.
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After completion of the diversion wall both lakes showed a tendency for low turbidity.  However, from early to mid 2009 blue green algal blooms in Lake Rotorua increased in abundance.  The turbidity of the Ohau Channel reflects this.  High turbidity was noted in the Okere Arm over the same period.
Suspended solids, turbidity and chlorophyll a measurements demonstrate the increasing intensity of the algal bloom.  The suspended solids measurement includes living and dead biological material and small inorganic particles such as pumice.  Chlorophyll a measures the pigment in living algal and plant material suspended and flowing with the water.  Both of these contribute to the turbidity measurement in some way but other properties of water such as colour also contribute to turbidity.
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Total phosphorus levels in the Ohau Channel and in the Okere Arm have increased since the start of 2009.  Dissolved phosphorus levels have fallen at both sites over the same period.  The phosphorus is tied up in the suspended solids and algal biomass. Dissolved phosphorus becomes depleted as the bloom intensifies.  It does not appear that there is any other dissolved phosphorus source than the Ohau Channel so the bloom in the Okere Arm can be considered to be sourced from Lake Rotorua and resident in the Okere Arm and the Kaituna River.
[image: image10.emf]Phosphorus g/m

3 

Ohau Channel

0.00

0.04

0.08

0.12

0.16

01/01/9131/12/9331/12/9601/01/0001/01/0301/01/0601/01/09

DRP; g/m3-PTP; g/m3-P

 

Okere Falls

0.00

0.04

0.08

0.12

0.16

1/01/911/01/941/01/971/01/001/01/031/01/061/01/09

DRP; g/m3-PTP; g/m3-P


Dissolved nitrogen forms, ammonium and nitrate nitrogen, are plotted below.  It would be expected that the Okere Falls site data would mirror closely the Ohau site for these parameters with the diversion wall in place, unless they are diluted by Rotoiti water joining the flow around the end of the wall or are utilised by plants and algae in the Okere Arm.  Both nitrate and ammonium nitrogen levels have fallen similarly at both sites since early 2009 as the bloom depleted inorganic nitrogen as well as inorganic phosphorus supplies.  
[image: image11.emf]Ammonium & nitrate nitrogen g/m

3 

Ohau Channel

0.0

0.1

0.2

0.3

0.4

01/01/9131/12/9331/12/9601/01/0001/01/0301/01/0601/01/09

NH4N; g/m3-NNO3N; g/m3



Okere Falls

0.0

0.1

0.2

0.3

0.4

1/01/911/01/941/01/971/01/001/01/031/01/061/01/09

NH4N; g/m3-NNO3N g/m3


Total nitrogen increased at the same time as the dissolved ammonium and nitrate nitrogen decreased.  Total nitrogen is part of the algal cells and suspended organic matter flowing through the Ohau Channel and is resident in the Okere Arm for a short period of time.
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Blue-green algal monitoring

During the summer when the risk of blue-green algal blooms is present, Environment Bay of Plenty undertakes weekly monitoring of prioritised sites.  Monitoring results are shown below with occasions when warnings have been issued, coloured red.  

Lake Okaro experienced short lived blooms in November and December 2008.  Lake Rotoehu was affected by blooms from late January to March 2009.  In March 2009 blooms in Lake Rotorua continually affected the Ohau Channel until June 2009.  This effect flowed on to the Okere Arm of Rotoiti and the Kaituna River although the river mouth and Maketu Estuary were relatively unaffected.
Okawa Bay experienced annual blue-green algal blooms since the early 1990s, well before the first Rotoiti lake-wide bloom in 2002/3.  Sewage reticulation of the Okawa Bay residences in 2007 seemed to improve the quality of the bay removing the nutrient inputs from septic tanks.  A bloom for the bay in February may be regarded as a minor event compared to the previous whole summer events.  With the improved clarity aquatic plant growth has accelerated and a weed harvesting vessel was employed over a period of 6 days from March 2009.  125.5 tonnes of weed was removed and transported out of the catchment.  184 kgN and 40 kgP were removed from Okawa Bay during the operation.

The Okere Arm has experience blooms for many decades but the bloom of 2009 was more extensive than experienced since the large events on Rotoiti in 2002/3.
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Conclusion

The improvement in clarity in Lake Rotoiti is remarkable and may be due to the diversion of Rotorua water from the lake.  Seasonal fluctuations in quality do occur and at least three years will be allowed before a definite statement of the change in state of Rotoiti can be made with certainty.

Nitrogen levels have decreased in Rotoiti more than phosphorus.  This may indicate that nitrogen is in more limited supply since the diversion and is indicating that the system will begin adjusting to a lower level of productivity in the near future.
Through the late summer and into autumn, algal blooms from Lake Rotorua have flowed into the Ohau Channel turning the waters green and turbid.  The blooms have similarly affected the Okere Arm and the Kaituna River.  The presence of the diversion wall would have accentuated this by stopping underflow to the main basins of Lake Rotoiti.  However, if Rotoiti had experienced blooms due to the Ohau Channel nutrients that too would have affected the Okere Arm.  

The diversion wall may well be instrumental in preventing blue-green algal blooms in Rotoiti but the threat to the Okere Arm and the Kaituna River from Lake Rotorua is still present.  
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