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Lake Water Quality and Ecology monitoring programme: Annual data report, 2017/18

Introduction

This report summarises the key results of the Lakes Water Quality and Ecology
(LWQE) monitoring in the Wellington Region for the period 1 July 2017 to
30 June 2018 inclusive. The LWQE programme typically involves monthly
monitoring of water quality and/or periodic assessments of submerged
macrophyte (plant) community structure and composition in selected lakes.

Information on lake water levels during 2017/18 is presented in Harkness
(2018).
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Overview of monitoring programme

Greater Wellington Regional Council (GWRC) routinely monitors water
quality in two lakes in the Wellington Region, Lake Wairarapa and Lake
Onoke. Monitoring in Lake Wairarapa commenced in 1994 and the programme
remained largely unchanged until 2012/13 when changes in monitoring
frequency and some site locations and variables were implemented (see
Cockeram & Perrie 2013 and Cockeram & Perrie 2014). In August 2009, water
quality monitoring programmes were established for two additional lakes,
Onoke and Waitawa (Figure 2.1). Monitoring of Lake Onoke is ongoing while
monitoring of Lake Waitawa is restricted to 12-month periods every five years
(initially in 2009/10 and then again in 2014/15).

In 2011 assessments of ecological condition, based on submerged macrophyte
community structure and composition, were introduced for Lakes
Kohangapiripiri, Kohangatera and Pounui (Figure 2.1). Assessments of
macrophytes in all three of these lakes, as well as an inaugural assessment in
Lake Waitawa, last occurred in early 2016.

N
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Figure 2.1: Locations of lakes routinely monitored in the Wellington Region

Monitoring objectives
The aims of GWRC’s LWQE monitoring programme are to:

1. Assist in the detection of spatial and temporal changes in the condition of
selected lakes;

2. Contribute to our understanding of freshwater biodiversity in the
Wellington Region;

3. Determine the suitability of lakes for designated uses;
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4. Provide information to assist in targeted investigations where remediation
or mitigation of poor water quality or ecosystem health is desired; and

5. Provide information required to determine the effectiveness of regional
plans and policies.

Monitoring sites, variables and protocol
Two types of lake monitoring are undertaken in the Wellington Region:

e Monthly analysis of water samples for a variety of physico-chemical
variables including dissolved oxygen, water temperature, pH, conductivity,
visual clarity (Secchi depth), turbidity, suspended solids, chlorophyll a,
dissolved and total nutrients as well as a monthly assessment of the
phytoplankton community (taxa presence, relative abundance and, where
potentially toxic cyanobacteria are present, cell counts and potentially
cyanotoxin analysis); and

e Periodic assessments of macrophyte community structure and composition
— as an indicator of ecological condition — in selected lakes (using the
LakeSPI (Submerged Plant Index) methodology). These assessments are
typically undertaken every five years and are next due in early 2021.

Monitoring in 2017/18

Routine monthly water quality sampling in Lakes Wairarapa and Onoke (and
associated sites') were carried out during 2017/18 and no LakeSPI surveys were
undertaken. Sampling sites on Lakes Onoke and Wairarapa are shown in Figure
2.2 and site coordinates can be found in Appendix 1. Note that as the monitoring
site in Lake Onoke is located where the Ruamahanga River enters the lake, it is
unlikely to be representative of water quality across the whole lake (see Perrie &
Milne 2012).

Additional work undertaken in 2017/18 included surveys of fish communities at
two sites in Lake Wairarapa and at a single site in each of Lake Kohangapiripiri,
Lake Pounui, Lake Waiorongomai, Pounui Lagoon and Turners Lagoon. Further
fish surveys are planned to be undertaken across additional lakes in the 2018/19
year. Once these surveys are completed, this work will be reported separately
during the 2018/19 year.

* Two monitoring sites were added to the Lake Onoke sampling programme in July 2014. These sites are located upstream of Lake Onoke and
were selected to provide further information on the relative effects of the discharges from Lake Wairarapa and the Ruamahanga River on the water
quality in Lake Onoke.
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Figure 2.2: Lake Wairarapa and Lake Onoke sites monitored during 2017/18. Green
circles = Lake Wairarapa sites, red circles = Lake Onoke main site and yellow
circles = sites sampled to help inform the relative effects of the discharges from
Lake Wairarapa and the Ruamahanga River on water quality in Lake Onoke

2.3 Data analysis and reporting

2.3.1 Water quality

Water quality data collected from Lakes Wairarapa and Onoke are summarised
and assessed using the trophic level index (TLI), and where data is available,
compared against relevant outcomes in GWRC’s Proposed Natural Resources
Plan (PNRP) (GWRC 2015) and the National Objective Framework (NOF) of
the National Policy Statement for Freshwater Management (NPS-FM, MfE
2014).

The TLI was developed by Burns et al. (2000) for assessing the water quality
status of New Zealand lakes. The TLI is calculated using four key variables of
lake water quality (chlorophyll a, Secchi depth, total phosphorus and total
nitrogen) and is based on the following four regression equations:

1. TLc=2.22 + 2.54 log(Chlorophyll a)

2. TLs=5.10+2.27log ;_—i

Secchidepth 40
3. TLp=0.218 + 2.92 log(Total phosphorus)
4. TLn=-3.61 + 3.01 log(Total nitrogen)
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TLI scores are calculated for each individual sampling occasion and then
averaged (mean) over the reporting period, although note that this TLI
calculation approach differs slightly to that outlined in Burns et al. (2000) and
that used in some earlier reporting (eg, Cockeram & Perrie 2013)% Lake water
quality is assigned an overall trophic level status according to this mean TLI
score (Table 2.1). TLI scores (and hence trophic level status) are calculated and
reported on for an annual and a three-year (rolling mean) period. For lakes with
multiple monitoring sites (Lake Wairarapa), TLI scores are calculated for each
individual site and then averaged to provide an overall TLI score for the lake.
To aid interpretation, Trophic Level scores and corresponding trophic values
for each of the four key variables are also presented. These Trophic Level
scores are calculated from the mean value of each variable over the reporting
period.

Table 2.1: Classification of lake trophic status using the TLI (Burns et al. 2000) and
nutrient enrichment descriptions described in Burns et al. (1999)

Trophic status L Chlorophyll Sdeccr]l Total phosphorus Total
trient enrichment) a (mg/ms) ept (mg/L) itrogen

(nu (m) (mglL)

Ultra-microtrophic 0.0-10 | 013-033 | 33-25 | 0.00084-0.0018 | 0.016-0.034

(practically pure)

Microtrophic 10-20 | 033-082 | 25-15 | 0.0018-0.0041 | 0.034-0.073

(very low)

S(')'V%;’tmph'c 20-30 | 082-20 | 15-7.0 | 00041-0.009 | 0.073-0.157

Mesotrophic 30-40 | 2050 | 7.0-28 | 0.0090-0.0200 | 0.157-0.337

(medium)

(Eh‘i‘;rﬁ)ph'c 40-50 |  50-12 | 2811 | 0.0200-0.0430 | 0.337-0.725

Supertrophic 5.0-6.0 12-31 11-04 | 0.0430-0.0960 | 0.725-1.558

(very high)

Hypertrophic >6.0 >31 <04 >0.0960 >1558

(extremely high)

Data is available from both Lakes Onoke and Wairarapa to assess against the
nutrient and phytoplankton (chlorophyll a) outcomes in the PNRP (Table 2.2).
Following the guidance recommended in Greenfield et al. (2015), the
assessment of the PNRP narrative outcomes are undertaken by comparing
summary statistics calculated over a 3 year period of monthly monitoring,
against the thresholds presented in Table 2.2. As stipulated in the PNRP, the
assessment for Lake Onoke only included data that had been collected when
the lake mouth was closed®.

2 See Cockeram and Perrie (2014) for a summary of the changes to previous TLI reporting.
3 Lake Onoke is considered an ICOL (Intermittently Closed and Open Lagoon) and only when the lake mouth is closed does it “function” as a lake
and the lake outcomes in the PNRP apply. When the lake mouth is open, Lake Onoke functions more like an estuary.
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Table 2.2: Selected attributes and narratives from GWRC’s PNRP as well as
suggested measures and thresholds for attributes taken from Greenfield et al.

(2015)

Attribute Narrative Measure Threshold

Nutrients Total nitrogen and Total nitrogen Median
phosphorus (mglL) <0.725
concentrations do not Total bhosoh Medi
cause an imbalance in otal pnosphorus edian
aquatic plant, (mglL) <0.043
invertebrate or fish
communities

Phytoplankton Phytoplankton Chlorophyll a Median
communities are (mg/m?) <5
balanced and there is AND
a low frequency of Maximum
nuisance blooms <60

Four lake attributes — chlorophyll a, total phosphorus, total nitrogen and
ammoniacal nitrogen — in the NOF of the NPS-FM (MFE 2014) are assessed
using data collected from Lakes Onoke and Wairarapa. Attribute states are
determined by comparing summary statistics based on one-year of monthly
monitoring against the thresholds provided in the NOF (Table 2.3). As
stipulated in the NPS-FM, Lake Onoke summary statistics are calculated
separately for the occasions when the lake mouth was open and closed. In
terms of the total nitrogen and ammoniacal nitrogen assessments lake sites
were classified as the following: Lake Onoke and Alsops Bay in Lake
Wairarapa were considered brackish and Site 2 and Middle site in Lake
Wairarapa were considered polymictic (i.e., too shallow to develop significant
periods of thermal stratification).

Table 2.3: Attribute states and guideline values taken from the National
Objectives Framework (MfE 2014)

Attribute Chlorophyll a (mg/m3)
State Annual median Annual maximum
A <2 <10
B >2and<5 >10and <25
C >5and <12 >25 and < 60
D >12 >60
Total phosphorus (mg/L)
Annual median
A <0.010
B >0.010 and < 0.020
C >0.020 and < 0.050
D >0.050
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Total nitrogen (mg/L)

Annual median:
Seasonally stratified & brackish lakes

Annual median:
Polymictic lakes

A <0.160 <0.300
B >0.160 and < 0.350 >0.300 and < 0.500
C >0.350 and < 0.750 >0.500 and < 0.800
D >0.750 >0.800
Ammoniacal nitrogen (mg/L)!

Annual median Annual maximum
A <0.03 <0.05
B >0.03and <0.24 >0.05 and < 0.40
C >0.24 and < 1.30 >0.40 and £ 2.20
D >1.30 >2.20

1 As required in the NPS-FM, prior to assessment, ammoniacal nitrogen concentrations were corrected for pH.

During data processing, any water quality variables reported as less than or
greater than detection limits were replaced by values one half of the detection
limit or the detection limit respectively (eg, a value of <2 became 1, a value of
>400 became 400). The exceptions are minimum and maximum values
presented in the tabulated summaries in Sections 3, 4 and Appendix 3 (eg, if a
value was reported as <2 the minimum value presented is <2).

Submerged aquatic plant community assessments

Submerged aquatic plant communities are assessed using the nationally
accepted LakeSPI (Submerged Plant Index) methodology developed by
Clayton and Edwards (2006; refer Appendix 2). Application of the LakeSPI
method results in three indices expressed as a percentage of expected pristine
state:

e A native condition index (i.e., the diversity and quality of the indigenous
flora);

e An invasive condition index (i.e., the degree of impact by invasive weed
species); and

e An overall LakeSPI index that synthesises components of both the native
condition and invasive condition indices to provide an overall indication of
lake ecological condition.

The LakeSPI index is used to place the lake vegetation into one of five
categories of lake condition (Table 2.4).
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Table 2.4: Classification of lake ecological condition using the LakeSPI index
(from Verburg et al. 2010)

. . LakeSPI index

Lake ecological condition L
(% of expected pristine state)

Non-vegetated 0
Poor >0-20
Moderate >20-50
High >50-75
Excellent >75
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3. Lake Wairarapa

Water samples were collected from Lake Wairarapa on 12 occasions during
2017/18. Due to intermittent access to the Alsops Bay site, this site was only
sampled on seven occasions®. A summary of water quality for each site is
presented in Table 3.1.

Trophic level classes based on mean values for each variable, overall TLI
scores at each site for the 2017/18 year and a three-year period (July 2015 to
June 2018) are presented in Table 3.2. Annual mean TLI scores for each site
ranged from 5.2 (supertrophic) to 5.4 (supertrophic) and mean TLI scores for
the three-year period were 5.0 (supertrophic) at Alsops Bay and 5.2
(supertrophic) at Site 2 and Middle site (Table 3.2). Overall, based on the
average (mean) of the three sites assessed over the three-year period, the lake
can be classed as supertrophic with a TLI score of 5.1.

Table 3.3 summarises the comparison of Lake Wairarapa data against the lake
PNRP outcomes for chlorophyll a, total phosphorus and total nitrogen. Site 2
and Middle site did not comply with the chlorophyll a (maximum) outcome
and all three sites did not comply with the total phosphorus outcome.
Outcomes for the chlorophyll a (median) and total nitrogen were complied
with at all three sites.

An assessment of Lake Wairarapa data against NPS-FM attribute thresholds is
summarised in Table 3.4. Over the one-year period (July 2017 to June 2018)
assessed, NPS-FM bottom lines (i.e., “D” state) were exceeded for total
phosphorus at all three sites. Total nitrogen, chlorophyll a and ammonia states
ranged from “A” to “C” across the three sites during this period (Table 3.4).

4The Alsops Bay site cannot be accessed when lake levels are low. This site was not sampled in October, November and December 2017, and in
February and April 2018.
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Table 3.1: Summary of water quality in Lake Wairarapa at each site, based on 12 sampling occasions (except at Alsops Bay, n=7) between
July 2017 and June 2018 (D.L. = detection limit)

Site 2 (n=12) Middle (n=12) Alsops Bay (n=7)

Variable

Mean Med Min Max %n<D.L. | Mean | Med Min Max | %n<D.L. | Mean | Med Min Max | %n<D.L.
Water temperature (°C) 14.8 14.2 8.2 222 - 15.0 15.1 8.0 22.1 - 131 13.0 8.4 19.7
Dissolved oxygen (% saturation) 1005 | 995 97.3 104.9 - 1014 | 995 9.4 | 1101 - 98.1 | 97.8 89.2 | 1048
Dissolved oxygen (mg/L) 10.2 10.3 9.0 11.5 - 103 | 104 8.8 11.5 - 104 | 108 8.4 115
pH 75 76 7.0 8.0 - 76 76 72 8.0 - 75 76 72 78
Conductivity (puS/cm) 587 331 134 1,323 - 673 509 158 1,415 - 996 407 184 | 3973
Secchi depth (m) 0.26 0.22 0.10 0.61 - 025 | 0.26 0.10 0.56 - 023 | 0.20 0.10 0.46
Turbidity (NTU) 53.7 31.0 75 230.0 0 66.8 | 355 11.3 | 240.0 0 802 | 39.0 175 | 230.0 0
Total suspended solids (mg/L) 50.4 36.5 10.0 220.0 0 554 | 325 16.0 179.0 0 64.3 | 30.0 16.0 154.0 0
Volatile suspended solids (mg/L)! 38 3.0 <2.0 75 30 48 33 <4.0 18.0 30 5.1 35 <20 18.0 43
Total nitrogen (mg/L) 0.607 | 0.460 | 0.290 | 1.420 0 0.627 | 0.490 | <0.110 | 1.670 8 0.773 | 0.630 | 0.380 | 1470 0
Total Kjeldahl nitrogen (mg/L) 0.401 | 0.405 | 0.230 | 0.810 0 0.432 | 0.370 | <0.100 | 0.990 8 0473 | 0.360 | 0.310 | 0.880 0
Nitrite-nitrate nitrogen (mg/L) 0.206 | 0.048 | <0.001 | 0.610 42 0.195 | 0.001 | <0.001 | 0.670 50 0.298 | 0.310 | <0.001 | 0.590 13
Ammoniacal nitrogen (mg/L) 0.009 | 0.003 | <0.005 | 0.055 75 0.011 | 0.003 | <0.005 | 0.081 67 0.024 | 0.003 | <0.005 | 0.084 57
Total phosphorus (mg/L) 0.078 | 0.061 | 0.023 | 0.240 0 0.082 | 0.052 | 0.022 | 0.230 0 0.093 | 0.062 | 0.018 | 0.196 0
Dissolved reactive phosphorus (mg/L) | 0.011 | 0.007 | <0.001 | 0.034 33 0.012 | 0.006 | <0.001 | 0.034 33 0.014 | 0.013 | <0.004 | 0.031 13
Chlorophyll a (mg/m3)! 9.1 9.3 <3.0 14.0 12 100 | 11.0 | <100 | 14.0 17 9.6 9.0 <3.0 21.0 38
Pheophytin a (mg/m3)! 39 1.5 <3.0 15.0 92 37 20 <3.0 15.0 100 29 20 <3.0 55 88
Absorbance at 340 nm (AU/cm) 0.055 | 0.049 | 0.014 | 0.107 0 0.067 | 0.044 | 0.014 | 0.230 0 0.078 | 0.060 | 0.026 | 0.178 0
Absorbance at 440 nm (AU/cm) 0.019 | 0.017 | 0.002 | 0.040 0 0.025 | 0.015 | 0.003 | 0.096 0 0.029 | 0.021 | 0.006 | 0.074 0
Absorbance at 780 nm (AU/cm) 0.003 | 0.003 | <0.002 | 0.008 50 0.005 | 0.003 [ <0.002 | 0.020 50 0.006 | 0.005 | <0.002 [ 0.015 43

1 The detection limits for chlorophyll a, pheophytin a and volatile suspended solids (see Appendix 2) could not always be achieved by the laboratory.
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Table 3.2: Trophic level values for each of the four TLI variables as well as an
overall mean TLI score for Lake Wairarapa, based on both July 2017 to June 2018
and the three-year period July 2015 to June 2018 (note variable n between sites).
Trophic level classes are provided in brackets

Site 2

Annual mean (n=12) Three-year mean (n=35)
Chlorophyll a 4.5 (eutrophic) 4.4 (eutrophic)
Secchi depth 6.5 (hypertrophic) 6.6 (hypertrophic)
Total phosphorus 5.5 (supertrophic) 5.3 (supertrophic)
Total nitrogen 4.6 (eutrophic) 4.7 (eutrophic)
Overall TLI score 5.2 (supertrophic) 5.2 (supertrophic)

Middle site

Annual mean (n=12) Three-year mean (n=35)
Chlorophyll a 4.7 (eutrophic) 4.4 (eutrophic)
Secchi depth 6.6 (hypertrophic) 6.6 (hypertrophic)
Total phosphorus 5.4 (supertrophic) 5.3 (supertrophic)
Total nitrogen 4.4 (eutrophic) 4.5 (eutrophic)
Overall TLI score 5.3 (supertrophic) 5.2 (supertrophic)

Alsops Bay

Annual mean (n=7) Three-year mean (n=23)
Chlorophyll a 4.4 (eutrophic) 4.2 (eutrophic)
Secchi depth 6.7 (hypertrophic) 6.3 (hypertrophic)
Total phosphorus 5.6 (supertrophic) 4.9 (eutrophic)
Total nitrogen 4.9 (eutrophic) 4.7 (eutrophic)
Overall TLI score 5.4 (supertrophic) 5.0 (supertrophic)

Table 3.3: Comparison of Lake Wairarapa data against PNRP outcomes for the
three-year period July 2015 to June 2018

PNRP outcome

Outcome met? (value)

Variable Site 2 Middle site Alsops Ba
threshold (n=35) (n=35) (nEZS) y

Chlorophyll a (mg/m3) Median <12 Yes (9.0) Yes (8.0) Yes (8.0)
Maximum <60 No (79.0) No (111.0) Yes (40.0)

Total Phosphorus (mg/L) Median <0.043 No (0.057) No (0.056) No (0.044)
Total nitrogen (mg/L) Median <0.725 Yes (0.570) Yes (0.520) Yes (0.580)

Table 3.4: Comparison of Lake Wairarapa data against NPS-FM attribute states!
for the one-year period July 2017 to June 2018 (median or maximum values are

provided in brackets)

NPS-FM state

Site 2 (n=12) Middle site (n=12) Alsops Bay (n=7)
Total phosphorus D D D
median (0.061 mg/L) (0.052 mg/L) (0.062 mglL)
Total nitrogen median B B c

(0.460 mg/L) (0.490 mg/L) (0.630 mglL)
Chlorophyll a median C C C

(9.3 mg/m3) (11.0 mg/im3) (9.0 mg/md)
Chlorophyll a B B B
maximum (14.0 mg/m3) (14.0 mg/m?) (21.0 mg/m3)
Ammonia median A A A

(0.002 mg/L) (0.002 mg/L) (0.002 mglL)
Ammonia maximum A A B

(0.029 mg/L) (0.043 mg/L) (0.058 mg/L)

1For this assessment, Site 2 and Middle site were considered “polymictic” and Alsops Bay “brackish”.
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4. Lake Onoke

Water samples were collected from one site on Lake Onoke on 12 occasions
during 2017/18 and the results are summarised in Table 4.1. Trophic level
classes based on mean values generated for the three-year period July 2015 to
June 2018 ranged from mesotrophic (chlorophyll a) to supertrophic (Secchi
depth) (Table 4.2). Overall, based on the three-year assessment, the lake can be
classed as eutrophic with a TLI score of 4.5 (Table 4.2). Water quality
summaries for the two sites sampled upstream of Lake Onoke are provided in
Appendix 3.

Table 4.1: Summary of water quality in Lake Onoke, based on 12 sampling
occasions between July 2017 and June 2018 (D.L. = detection limit)

Variable Mean | Median | Minimum | Maximum | %n<D.L.
Water temperature (°C) 14.6 13.5 9.1 225 -
Dissolved oxygen (% saturation) 100.1 97.9 82.3 1234

Dissolved oxygen (mg/L) 10.1 104 8.6 1.1 -
pH 7.6 74 7.0 9.1 -
Conductivity (uS/cm) 1,437 595 101 5,505 -
Secchi depth (m)! 0.47 0.56 0.10 0.80 -
Turbidity (NTU) 48.7 18.4 28 300.0 0
Total suspended solids (mg/L) 54.9 22.0 6.0 320.0 0
Volatile suspended solids(mg/L) 45 25 <2.0 22.0 42
Total nitrogen (mg/L) 0.719 0.590 0.210 1.750 0
Total Kjeldahl nitrogen (mg/L) 0.405 0.300 0.160 1.280 0
Nitrite-nitrate nitrogen (mg/L) 0.322 0.355 <0.001 0.690 8
Ammoniacal nitrogen (mg/L) 0.019 0.014 <0.005 0.067 25
Total phosphorus (mg/L) 0.068 0.037 0.008 0.310 0
Dissolved reactive phosphorus (mg/L) | 0.017 0.013 0.002 0.058 0
Chlorophyll a (mg/m3) 4.9 1.5 <3.0 25.0 83
Absorbance at 340 nm (AU/cm) 0.052 0.033 0.011 0.195 0
Absorbance at 440 nm (AU/cm) 0.016 0.009 <0.002 0.068 8
Absorbance at 780 nm (AU/cm) 0.003 0.001 <0.002 0.013 67

' Summary statistics based on seven observations over the sampling period.
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Table 4.2: Trophic level values for each of the four TLI variables as well as an
overall TLI score for Lake Onoke based on both July 2017 to June 2018 (n=12)
and the three-year period July 2015 to June 2018 (n=36). Trophic level classes are
provided in brackets

TLI score
Variable Annual mean Three-year mean
(July 2017 to June 2018, n=12) | (July 2015 to June 2018, n=36)
Chlorophyll a 3.3 (mesotrophic) 3.2 (mesotrophic)
Secchi depth 6.0 (hypertrophic) 5.9 (supertrophic)
Total phosphorus 4.9 (eutrophic) 4.7 (eutrophic)
Total nitrogen 4.7 (eutrophic) 4.6 (eutrophic)
Overall TLI score 4.6 (eutrophic) 4.5 (eutrophic)

Over the three-year period (July 2015 — June 2018) Lake Onoke was blocked
on seven occasions. A summary of the relevant data from these seven
occasions is provided in Table 4.3. Data from the seven blockage occasion was
assessed against the PNRP lake outcomes. The PNRP outcome was met across
all three variables — chlorophyll a, total phosphorus and total nitrogen (Table
4.3) — although note that seven data points from this three-year period is a
relatively small sample size for this assessment.

Table 4.3: Comparison of Lake Onoke data against PNRP outcomes for the seven
occasions that the Lake Onoke mouth was closed during the three-year period
July 2015 to June 2018 (total n=7)

Variable Median Minimum Maximum PNRP outcome Outcome met?
threshold

Chlorophyll a Median <12

(mg/m3) 1.5 <30 450 and Maximum <60 Yes

Total phosphorus | 46 0.008 0032 Median <0.043 Yes

(mg/L)

Total nitrogen 030 021 0.94 Median <0.725 Yes

(mg/L)

Summary statistics for data collected during the July 2017 — June 2018 period
for when the mouth of Lake Onoke was open (n=10) and closed (n=2) are
presented in Table 4.4. The assessment against NOF for periods when the lake
mouth was open places the lake in the “A” and “B” states for chlorophyll a
median and maximum, respectively, the “A” state for ammoniacal nitrogen and
in the “C” state for both total phosphorus and total nitrogen. The two data
points available for when the lake mouth was closed were considered
insufficient to undertake an assessment against NOF.
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Table 4.4: Comparison of Lake Onoke data against NPS-FM attribute states for
periods when the lake mouth is open (n=10) and closed (n=2) during the one-year
period July 2017 to June 2018 (total n=12)

NPS-FM state

Variable Median | Minimum | Maximum
(lake type = brackish)

Lake Onoke mouth open (n=10)

Chlorophyll a (mg/m3) 1.50 <3.0 15.0 Median = A; Maximum = B
Total phosphorus (mg/L) 0.043 0.027 0.310 C

Total nitrogen (mg/L) 0.695 0.280 1.750 C
Ammoniacal nitrogen (mg/L) 0.008 0.001 0.036 A

Lake Onoke mouth closed (n=2)

Chlorophyll a (mg/m?3) 13.3 <3.0 25.0 Insufficient data
Total phosphorus (mg/L) 0.009 0.008 0.009 Insufficient data
Total nitrogen (mg/L) 0.255 0.210 0.300 Insufficient data
Ammoniacal nitrogen (mg/L) 0.004 0.003 0.004 Insufficient data
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Appendix 1: Monitoring sites

Table Al.1 provides site information for Lake Wairarapa and Lake Onoke routine
sampling sites.

Table A1.1: Monitoring site information for routine water quality sampling sites

Barrage Gates?

suite

NZTM site Lake characteristics
Lake Site no./name Monitoring variablest coordinates
Easting | Easting
Monthly sampling:
2 (stump) typical water quality | 4791644 | 5439152
suite plus phytoplankton
(relative abundance) Max depth: ~2.5 m;
Monthly sampling: Lake area: 7,850 ha; Catchment area:
Wairarapa Middle typical water quality 1785607 | 5433715 | 57,245 ha; Landcover: indigenous
suite forest and scrub 43.9%, pasture 54%,
) urban 0.4% and other 1.7%.
Monthly sampling:
Alsops Bay typical water quality 1781568 | 5427654
suite plus phytoplankton
Monthly sampling:
1 typical water quality | 4776859 | 541784
suite plus phytoplankton Max depth: ~5.5 m;
(relative abundance) o
Onoke - Lake area: 622 ha; Catchment area:
Ruamahanga Monthly sampling: 341,744 ha; Landcover: indigenous
River at Boat typical water quality 1783984 | 5423866 | forest and scrub 27.5%, pasture 64%,
Ramp? suite horticulture 1%, exotic forest 3.7%,
Lake Wairarapa Monthly sampling: urban 0.7% and other 3.1%
downstream of typical water quality 1783638 | 5423977

" The ‘typical’ water quality suite varies slightly between sites/lakes but for all sites that are sampled regularly (monthly), water samples are, at
minimum, analysed for core lake water quality variables (eg, dissolved and total nutrients, chlorophyll a and water clarity (Secchi depth).
2These sites are located upstream of Lake Onoke and were selected to provide information on the relative effects of the discharges from Lake

Wairarapa and the Ruamahanga River on water quality in Lake Onoke.
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Appendix 2: Monitoring variables and methods

Physico-chemical water quality (monthly spot measurements)

Lake Wairarapa monitoring sites are accessed by boat and the Lake Onoke monitoring
sites (including the two upstream monitoring sites) are accessed by wading from the lake
or river edge. Water samples are collected in accordance with the sub-surface grab
method for sampling isothermal lakes described in Smith et al. (1989) and in the case of
Lake Onoke, a ‘grab pole’ is used to collect water samples in an effort to minimise the
potential effects of re-suspension of lake-bed sediments (caused by wading) on the
samples. Note that the sub-surface grab method differs from protocols outlined in Burns
et al. (2000) for the sampling of isothermal lakes.

Field measurements (conductivity, dissolved oxygen and temperature) are taken using a
YSI DSS field meter which is calibrated on the day of sampling. Secchi disc
measurement methodology is consistent with the procedure outlined in Burns et al.
(2000) except that an underwater viewer is not used. Note that all field measurements
collected from Lake Onoke (and upstream sites) are made from a ‘wading position’,
although care is taken to minimise any disturbance of lakebed sediments.

Water samples requiring laboratory analysis are stored on ice upon collection and
couriered overnight to RJ Hill Laboratories in Hamilton. The variables monitored and
current analytical methods are summarised in Table A2.1. All lake water samples
collected for dissolved nutrient analysis are filtered in the laboratory.

Table A2.1: Laboratory analytical methods for lake water samples

Variable Method Detection limit
pH pH meter. APHA 4500-H+ B 22nd ed. 2012 0.1 pH units
Turbidity Analysis using a Hach 2100N, Turbidity meter. APHA 2130 B 22nd Ed. 2012 0.05 NTU
Filtration using Whatman 934 AH, Advantec GC-50 or 1-2 equivalent filters
Total suspended solids | (nominal pore size 1.2 - 1.5um), gravimetric determination. APHA 2540 D 22nd 2mg/L
Ed. 2012
Volatile suspended Filtration (GF/C, 1.2 pm). Ashing 550°C, 30 min. Gravimetric. APHA 2540 E 22nd
solids' Ed. 2012 2mglL
Nitrate-N Calculation: (Nitrate-N + Nitrite-N) - Nitrite-N 0.001 mg/L
Nitrite-N ?#;%r;izze)dzgﬁz cé;(/je 58I102r|metry, Flow injection analyser. APHA 4500-NOs - | 0001 mglL
Nitrate-N + Nitrite-N Total oxidised nitrogen. Au_tomated cadmium reduction, Flow injection analyser. 0.001 mglL
(NNN) APHA 4500-NOs - | (modified) 22nd Ed. 2012
Ammoniacal nitrogen 'FA’\rFltle_lr:Ac\)IA/‘hS)gz)czclz\lhl_llc;r;;ezgcr)]lccj)rI|Erg<.at2r2)/.1 ;Iow injection analyers. (NHs-N = NHa+-N + NH3-N) 0,005 mglL
T s | O ey | 0moL
Total nitrogen Calculation: TKN + Nitrate-N +Nitrite-N 0.05 mg/L
Dissolved reactive Filtered sample. Molybdenum blue colorimetry. Flow injection analyser. APHA 0.001 mglL
phosphorus 4500-P G 22nd Ed. 2012
TOBIPIOSHIONS | 4505 % E (modied fom manual andlyss) Znd 6. 2002 | 0004mgl
Chlorophyll a (mg/m?) 1 | Acetone extraction. Spectroscopy. APHA 10200 H (modified) 22nd Ed. 2012 0.003 mg/L
Pheophytin a (mg/m?) ! | Acetone extraction. Spectroscopy. APHA 10200 H (modified) 22nd Ed. 2012 0.003 mg/L
Absorbance at 340 nm | Filtered sample. Spectrophotometry, 1cm cell. APHA 5910 B 22nd Ed. 2012 0.002 AU/cm
Absorbance at 440 nm | Filtered sample. Spectrophotometry, 1cm cell. APHA 5910 B 22nd Ed. 2012 0.002 AU/cm
Absorbance at 780 nm | Filtered sample. Spectrophotometry, 1cm cell. APHA 5910 B 22nd Ed. 2012 0.002 AU/cm

"Note the detection limit for these variables is not always achieved (e, is often higher than indicated here).
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Submerged aquatic plants

Surveys of submerged aquatic plants follow the nationally accepted LakeSPI
(Submerged Plant Index) methodology developed by Clayton and Edwards (2006). This
involves scuba divers assessing 11 metrics over a 2 m wide transect from the shore to
the deepest vegetation limit at several sites which are representative of the lake. Metrics
include measures of diversity, the presence of key plant communities, the depth of
vegetation growth, and the extent that invasive weeds are represented.
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Appendix 3: Water quality data from sites located upstream of
Lake Onoke

Tables A3.1 and A3.2 summarise monthly water quality data collected from two sites
located upstream of Lake Onoke during 2017/18. These sites, Lake Wairarapa
downstream of Barrage Gates and Ruamahanga River at Boat Ramp, were selected to
provide information on the relative effects of the discharges from Lake Wairarapa and
the Ruamahanga River (respectively) on water quality in Lake Onoke.

Table A3.1: Summary of water quality for Lake Wairarapa downstream of Barrage Gates,
based on 12 sampling occasions between July 2017 and June 2018 (D.L. = detection limit)

Variable Mean Median Minimum | Maximum | %n<D.L.
Water temperature (°C) 14.8 12.9 9.6 235

Dissolved oxygen (% saturation) 97.5 94.5 88.9 118.9

Dissolved oxygen (mg/L) 9.9 10.2 74 111

pH 75 74 6.9 8.6

Conductivity (uS/cm) 1,742 267 97 11,671

Turbidity (NTU) 49.2 255 3.3 171.0

Total suspended solids (mg/L) 53.0 215 11.0 162.0

Volatile suspended solids (mg/L) 4.6 35 <2.0 13.0 33
Total nitrogen (mg/L) 0.686 0.600 0.210 1.510

Total Kjeldahl nitrogen (mg/L) 0.419 0.395 <0.2 1.010
Nitrite-nitrate nitrogen (mg/L) 0.266 0.285 <0.001 0.640 25
Ammoniacal nitrogen (mg/L) 0.019 0.010 <0.005 0.069 33
Total phosphorus (mg/L) 0.073 0.043 0.008 0.240 0
Dissolved reactive phosphorus (mg/L) 0.015 0.008 <0.001 0.074 17
Chlorophyll a (mg/m3)! 7.9 3.8 <3.0 34.0 58

" The typical detection limit for chlorophyll a could not be achieved by the laboratory on all sampling occasions.
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Table A3.2: Summary of water quality for Ruamahanga River at Boat Ramp, based on 12

sampling occasions between July 2017 and June 2018 (D.L. = detection limit)

Variable Mean Median Minimum | Maximum | %n<D.L.
Water temperature (°C) 14.5 12.7 9.1 23.6

Dissolved oxygen (% saturation) 98.5 94.6 90.1 116.7 -
Dissolved oxygen (mg/L) 10.1 10.4 8.3 11.3 -
pH 7.5 74 7.2 8.2 -
Conductivity (uS/cm) 316.1 145.8 69.7 1,308 -
Turbidity (NTU) 30.3 14.0 15 182.0

Total suspended solids (mg/L) 34.6 13.0 <3.0 198.0

Volatile suspended solids (mg/L)! 34 1.0 <20 15.0 67
Total nitrogen (mg/L) 0.711 0.535 0.300 1.580

Total Kjeldahl nitrogen (mg/L) 0.357 0.260 <0.2 1.060

Nitrite-nitrate nitrogen (mg/L) 0.369 0.325 <0.001 0.850

Ammoniacal nitrogen (mg/L) 0.026 0.020 <0.005 0.064 17
Total phosphorus (mg/L) 0.068 0.037 0.006 0.300 0
Dissolved reactive phosphorus (mg/L) 0.021 0.017 <0.001 0.070 17
Chlorophyll a (mg/m?3)! 2.7 1.5 <3.0 7.5 75

1 The typical detection limit for volatile suspended solids and chlorophyll a could not be achieved by the laboratory all sampling occasions.
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