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EXECUTIVE SUMMARY
= Waituna catchment consists of three major streams that drain into the Waituna

Lagoon and wetland system. This system is an internationally significant example

of a coastal lagoon and wetland of its type.

= The catchment has been subject to extensive pastoral development and land use

intensification continuing up to the present time.

= Water quality in the catchment, particularly in terms of nutrient, faecal pathogen
and ammonia concentrations, is poor. This appears to be directly related to pastoral

development.

" Ammonia concentrations in the streams are amongst the highest in Southland and

represent a significant risk to native and sports fisheries.

= Land use practices such as land disposal of effluent, riparian grazing and stock
access to waterways present a risk to the aquatic environment of the catchment and

ultimately to the Lagoon and wetlands.

= Recommended actions in the catchment include encouragement and
implementation of riparian fencing, reappraisal of land disposal practices, and

catchment-wide efforts to achieve best land management practice.

Ryder Consulting
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SECTION ONE

Introduction
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1.1

1.2

Background

This Catchment Management Plan was prepared at the request of the Waituna Landcare
Group (WLG). The WLG was formed in response to concerns that land management
practices within the catchment of Waituna Lagoon were negatively affecting the health of

the Lagoon.

Summary of Waituna Lagoon report

Waituna Lagoon is a large, oligotrophic “waituna-type” lagoon on the southern coast of
the South Island, near Invercargill. The Lagoon is a dynamic system, periodically open to
the sea for long periods, then closing through natural coastal sedimentation processes,
gravel being pushed in by the sea. The biology of the Lagoon is distinctive, with aquatic
vegetation dominated by Ruppia and a diverse wetland plant flora in the margins. The
Lagoon is thought to be the local centre of abundance for a number of native fish species,

and is home to over eighty species of birds.

The Department of Conservation contracted Ryder Consulting to produce a report
detailing the current state of Waituna Lagoon. That report (Thompson and Ryder 2002)
identified a number of issues which were of concern to the future of the Lagoon.
Evidence was found for possible high rates of sedimentation in the Lagoon, contributing
to expansion of rush beds and physical changes in the bed of the Lagoon. This was
attributed to high sediment supply from the inflows. The report also showed that levels of
ammonia and nutrients in the inflows were elevated well above the relevant water quality

guidelines. This may have contributed to nuisance algal blooms in the Lagoon at times.

Thompson and Ryder (2002) concluded that land use changes in the catchment of the
Waituna Lagoon have resulted in reductions in the water quality of the Lagoon inflows.
They expressed the concern that a continuation of those patterns could result in algal
blooms in the Lagoon that would permanently alter the Lagoon ecosystem. A number of

recommendations were made to try and avoid this possibility. These included:

- expansion of monitoring of water quality in the catchment to include additional
sites on other inflows and within the Lagoon itself.

- development of a research program in order to gain a greater understanding of
circulation of nutrients in the Lagoon.

- surveys of botanical and animal communities in the Lagoon and catchment.

Ryder Consulting
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The low water quality of the inflows to the Lagoon was identified as a primary threat to
the health of the Lagoon, and the need for management of land use in the catchment to

remedy this was emphasised.

1.3 Objectives
This document is intended to complement the Thompson and Ryder (2002) report by
summarising information on the Waituna Lagoon catchment, identifying issues and
recommending actions to address those issues. This is done by meeting the following

objectives:

- summarising existing information on water quality, sedimentation and aquatic
biota (predominantly macroinvertebrate and fish populations).

- Reviewing relevant information from similar catchment management studies.

- Identifying key issues in the management of the Waituna Lagoon catchment.

- Proposing land management practices which will address the key issues identified.

Ryder Consulting
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SECTION TWO

Review of existing information on the catchment
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2.1 Physical overview
The Waituna catchment is underlain by a Pleistocene gravel outwash plain. These alluvial
gravels overlay a sequence of mid-tertiary gravels, sands and mudstones (Department of
Lands and Survey 1984). Over the underlying geology there has been extensive peat
development, particularly to the west and north of the lagoon and stretching some 6km
inland. In places the peats reach depths of over two metres (Kelly 1968), and up to 4m in
places (WLCG, pers. comm.). The organic soils of the catchment are classified as two
types; the Invercargill soils (predominant in the catchment), and Otanomomo soils (small
areas to the east). In addition, the central part of the catchment and sections of the upper

catchment exhibit podzolised yellow-brown earths in the Tisbury soil grouping.

The catchment drains south from low rolling hill country to Waituna Lagoon (Figure 2.1).
Three main waterways are present; Waituna Creek to the west, and Moffatt Creek, and
Currans Creek to the east. Waituna Creek is the largest stream present (average discharge
approximately 1800 L/sec) and is a fourth order stream draining a catchment of 12555 ha.
Currans Creek is considerably smaller (average discharge 790 L/sec, catchment area 5700
ha), while Moffatt Creek is smaller still (average discharge 190 L/sec, catchment area
1700 ha). A number of smaller streams enter the Lagoon, particularly along the western

and northern shores.

Ryder Consulting
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Figure 2.1 Major sub-catchments in the Waituna catchment; Waituna Creek (pink shading),
Moffatt Creek (yellow) and Currans Creek (blue). The northern portion of the
Lagoon is in the bottom centre of the figure (dark blue).

2.2 Land use and land use change
Historically the Waituna catchment was dominated by wetland vegetation, with areas of
lowland podocarp forest, manuka (Leptospermum scoparium)/Dracophyllum scrubland

and tussock. The wetland plant associations are particularly notable, and include cushion-

Ryder Consulting
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bog communities, sedges and rushlands. In drier areas there are, and were, extensive areas
of flax (Phormium species) and toetoe (Cortaderia spp.), with wire rush (Empodisma
minus) and tangle fern (Gleichenia dicarpa). Sandier areas are dominated by tussocks and

mat-daisies.

Beginning in the late 19" Century, areas of the catchment were drained or cleared and
converted to pasture. This trend has continued to the present day. By 1993, the catchment
was dominated by pasture land (Table 2.1), although significant areas (primarily within
Department of Conservation reserves to the east and west of the catchment) (Robertson
1993) remain in wetlands. The Waituna Creek catchment is the most developed of the
catchments, with 85% of its area in pasture (Environment Southland database 2003,
unpublished data). The Moffatt Creek catchment is also largely developed (approximately
65% pasture), but Currans Creek (particularly the eastern part of its catchment) retains
significant areas of undeveloped wetlands, and has a significantly smaller proportion of

pasture (approximately 30%).

Table 2.1 Land use in the Waituna Lagoon catchment (in percentage of total catchment
area). Adapted from Robertson, 1993.

Land use % of catchment
. (1993)
Pasture 64.81
Tussock pasture 1.42
Indigenous forest 0.58
Wetland 33.19

In the early part of the 20™ Century, the primary land use activity in the Waituna
catchment was sheep farming. However in the latter part of the 20" Century there has
been ongoing intensification and diversification, with increasing amounts of dairy

farming and deer farming in the catchment.

23 Water quality
This section summarises water quality data for the catchment of Waituna Lagoon, up to
March 2003. The data is interpreted in the context of changes in water quality through
time, relationships with the status (open or closed) of the Lagoon, and in relation to

national water quality guidelines.

Ryder Consulting
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2.3.1 Existing water quality monitoring
Environment Southland has been collecting water quality data from the Waituna
catchment as a part of their State of the Environment monitoring since 1995. A number of
water quality parameters including physico-chemical characteristics (temperature, clarity,
pH, conductivity, nutrient chemistry) and faecal indicator bacteria have been monitored
(Table 2.2). Sampling was initially limited to Waituna Creek, but has subsequently been
extended to all of the major inflows to Waituna Lagoon, and to the Lagoon itself (Figure
2.2, Table 2.2). Further expansion of monitoring of the Lagoon and catchment is intended

(Michelle White, Environment Southland, pers. comm.).

Additional data has been collected by the Waituna Landcare Group at a number of
locations in the catchment (Figure 2.2). This has entailed monthly sampling of

temperature, pH, conductivity and clarity.

Ryder Consulting
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Table 2.2

Water quality sampling carried out by Environmental Southland in the Waituna catchment.

Waterbody Waituna Crk. . Wa_ituha Crk. Currans Crk. Trib. near __ Moffatt Crk. Waituna Lagoon
(Marshall’s Rd.) (Mokotua) (Lagoon Rd.) | Currans Crk. _ (Moffatt Rd.) (centre)
' ' . ' (at Lagoon Rd.) '
ES Site code 63 150 152 153 154 164
Commenced July 1995 Aug 2001 Aug 2001 Aug 2001 Aug 2001 Oct 2001
Frequency Monthly Monthly Monthly Monthly Monthly Monthly
Temperature (°C) v v v v v v
pH v v v v v v
Conductivity (uS/cm) v v v v v 7
Dissolved O, (mg/L) v v v v v v
Ammonia (mg/L) v v v v v v
Nitrate (mg/L) v v v v v v
Total nitrogen (mg/L) Jan 99 on v v v v v
DR phosphorus (mg/L) v v v v v v
Total phosphorus (mg/L) Jan 99 on v v v v v
Clarity (cm) v v v v v v
Faecal coliforms (CFU/100mL) Aug 99 on v v v v v
Escherichia coli (CFU/100mL) Aug 99 on v v v v v
Chlorophyll (ug/L) g & X X X v

Ryder Consulting
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ES 150/W5
Waituna Creek @

ES 63/W7

Waituna Creek @ Marshalls

Figure 2.2

ES 152/C2
Currens Creek @ Lagoon

ES 154/M2 i
Moffatt Creek at Moffat Rd. Lol O 1

%

ES 153
Currens Creek trib @

O | estes
Waituna

Locations in Waituna catchment currently sampled by, Environment Southland
(vellow circles) as part of State of the Environment monitoring, and Waituna
Landcare Group (red circles).

2.3.2 Water quality overview

Measurements of water quality assess a range of parameters that are important for
environmental and public health reasons. The parameters monitored in the Waituna

catchment represent a range of these variables. For many, national guidelines have been
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Table 2.3

established to indicate what values can be considered acceptable in terms of protection of

environmental quality and public health (Table 2.3).

Water physico-chemistry guidelines (ANZECC, 2000) with typical values for
Southland (Thompson and Edwards, 2002). The ANZECC values shown are the
default trigger values for slightly disturbed lowland streams. The faecal coliform
levels are for primary contact (e.g. swimming) and secondary contact (e.g. boating,

fishing).
F , Parameter Unit [ Southland range ] Water quality guideline
Temperature °C 4.5-11.6 <15
pH 457.6 4.7'
Clarity metres - 0.8°
Conductivity uS/ecm 20-9860 150°
Total ammoniacal nitrogen mg/L 1-3000 <2.43
unionised ammonia (NH3) gm’ 0.01-2.4 <0.021
Nitrate (+ nitrite) mg/L 0.01-2500 <0.44
Total phosphorus mg/L 0.01-0.33 <0.03
Faecal coliforms CFU/100mL 0-62 000 <150 (primary), <1000 (secondary)
Chlorophyll-a ug/L Not known 5
Notes:
5 Streams draining wetlands often have naturally low pH. The value shown is the average for the least modified site, the
Currens Creek tributary, which is taken as a reference condition.
2. National guideline for lowland river clarity
3 The saline influence at Waituna Lagoon means that water quality guidelines are not applicable. The value shown is for
the least modified site, the Currens Creek tributary, which is taken as a reference condition.
4. Based on values for south-western Australia. Values for NZ have not been determined.

Water temperature in aquatic systems has direct effects on the growth of aquatic plants

(macrophytes and periphyton), algae, bacteria and animals. In addition, temperature
interacts with other contaminants (such as ammonia) in determining their toxicity. Most
aquatic organisms have a preferred temperature range for their growth and metabolism, a
range beyond their preferred range that they can tolerate, and extreme high and low

ranges which they can not tolerate (thermal maxima and minima).

Most New Zealand native fish species are relatively tolerant of extremes of temperature
(Richardson et al. 1994), but the introduced brown trout (Salmo trutta) has a relatively
low thermal maximum (Collier et al. 1995). The trout fishery in the Waituna catchment is
highly valued, so the guideline value for water temperature has been set to provide

protection to brown trout (Table 2.3).

pH measures how ‘acid’ water is. Values range from 0 (very acidic) to 14 (very basic or
alkaline), with most natural waters being around 7.0 (neutral). The pH of streams flowing

from wetlands can be low, because decomposing plant material produces humic acids.
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Extremes of pH are not tolerated by most aquatic organisms because of direct toxicity,

and because low pH can increase the toxicity of other chemicals present in the water.

The Waituna catchment is predominantly underlain by organic soils with a very high
humic content. For that reason many of the waterways have naturally low pH, which
aquatic life will be adapted to cope with. National guidelines for pH have been set, but
are not appropriate to Waituna because of the naturally acid nature of the water. For that
reason, the guideline value shown in Table 2.3 is based on the average pH experienced in
a tributary of Currans Creek which is largely unaffected by land use change and can be

thought of as representing the historical (‘reference’) state of streams in the catchment.

Clarity measures how ‘clear’ water is by testing how far it is possible to see a standard
object (usually a black disc or a Secchi disc — a metal disc marked with black and white
quarters) through the water. Water clarity affects aquatic plant and algae growth by
limiting how much light reaches the stream bottom. Clarity also affects fish behaviour,
with visual feeding fish (e.g. trout, kokopu) being less successful in waterways with
lower clarity. National guidelines for lowland river clarity have been established (Table

2.3).

Low water clarity can indicate that sediment is entering waterways and remaining in
suspension. This may occur where the bed of the stream is disturbed (by channel
clearance, straightening or other in-stream works), or where banks are disturbed
(primarily by stock). In the Waituna catchment low clarity is likely to be an indicator of
sediment entering streams, but is confounded by the discolouration due to peat (humic

and tannic acid) staining.

Conductivity, expressed in micro Siemens per centimetre (WS/cm), measures how readily
water will conduct electricity. This value is higher where there are many charged particles
in the water (normally dissolved ions). The presence of a number of chemicals, including
nutrients and salt, in water can lead to high conductivity. High conductivity in a
freshwater environment often indicates the presence of excess amounts of nutrients in the

water.

Because the Waituna catchment can be influenced by the marine environment in its lower

reaches, conductivity at those sites may be higher than expected due to the effects of

Ryder Consulting



Waituna Landcare Group —
Waituna Catchment health assessment 19

salinity. For that reason the guideline value shown in Table 2.3 is based on the average

values from the reference site on Currans Creek.

Ammonia is a waste compound produced by animals during metabolism and released in
urine. Ammonia is actually two compounds — unionised ammonia (NH;3) and ionised
ammonia (NH,"). Unionised ammonia is the more toxic compound and is present in
higher concentrations at higher water pH and temperature. High levels of ammonia are of
concern because fish have a relatively low tolerance for the compound (Thompson and
Edwards 2002). High levels of ammonia in streams or in the outflow of the Lagoon
(when open) may act as a disincentive to fish to enter the catchment. Ammonia values in

this report refer to unionised ammonia (NHs).

Because water temperatures tend to be relatively low, and pH is also low, in the Waituna

catchment, the water quality standard set for ammonia (Table 2.3) is relatively high.

Nitrate is the main nitrogen-based nutrient important for the growth of aquatic plants and
algae. Together with phosphorus, a lack of nitrate is the most common factor limiting
algal and plant growth. Agricultural activities, such as application of nitrate fertiliser and
nitrates present in animal wastes, increase the amount of nitrate present in waterways.
Provided that light is available and conditions are sufficiently warm, this can encourage
nuisance growths of algae and plants that are unsightly, can clog drains, and can generate
toxic by-products (Environment Southland 2000). In extreme conditions, excessive plant
growth can result in overloading of waterways with organic material. As this material
decomposes, it extracts oxygen from the water, a process that can result in the death of

fish and invertebrates.

Water quality guidelines have been established for nitrate levels in lowland streams

(Table 2.3). These are appropriate for use in the Waituna catchment.

Phosphorus is the second major nutrient that is needed for aquatic plant and algae growth.
Two forms of phosphorus are commonly measured; dissolved reactive phosphorus
(DRP), which is the most readily available form to algae and plants, and total phosphorus,
which includes all forms of phosphorus present (including DRP). Phosphorus is present
in many soils, and is also applied on all farms as superphosphate fertiliser. Farming

activities tend to increase phosphorus concentrations in streams through a combination of
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bank disturbance, which allows soils to enter streams, fertiliser application and animal

wastes.

Water quality guidelines have been established for total phosphorus levels in lowland

streams (Table 2.3). These are appropriate for use in the Waituna catchment.

Faecal bacterial indicators are bacteria which, when present in waterways, indicate that

faecal matter has contaminated the water. The two indicators used in New Zealand are
faecal coliforms (which are no longer the preferred indicator) and Escherichia coli (for
which the most recent guidelines have been established). The presence of these groups at
high levels in waterways indicates that there is a risk to animal or public health from
ingestion or contact. High levels occur where animal wastes enter waterways from

animals defecating into waterways, via overland flow, or via tile drains.

Faecal coliform levels are measured by Environment Southland in the Waituna
catchment. Two guideline values are relevant for interpretation of these values (Table
2.3). Levels higher than 150 colony forming units (CFU) per 100mL of water are
considered to represent an unacceptable health risk for people engaging in primary
contact (e.g. swimming). Levels higher than 1000 CFU/100mL are considered to be

unacceptable for secondary contact (e.g. fishing, boating) and stock consumption.

Chlorophyll-a levels indicate the amount of algae present in a water body. In shallow
‘clear water’ lakes like Waituna Lagoon, most productivity occurs on the bed of the lake,
where aquatic plants grow (in the case of Waituna Lagoon, predominantly Ruppia). These
plants stabilise the bed of the lake, trapping sediment and nutrients. If nutrients in the
water column of the lake become high, algae can start to grow (or ‘bloom’) in the water
column. This makes the water turbid, meaning that light can no longer reach the plants on
the lake bottom. Those plants then die, destabilising the lakebed and allowing sediment
and nutrients to be re-suspended into the water column by wave action. This further
increases turbidity and nutrient levels, encouraging further water column algal growth.
Ultimately, this situation can result in loss of plants in the lake and a permanent switch to
the lake being turbid. High turbidity reduces the aesthetic appeal of water bodies and

negatively affects sports fisheries.

Environment Southland monitor chlorophyll-a concentrations in Waituna Lagoon. While

guidelines have not yet been established for New Zealand lakes, in south-western
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Australia levels in excess of 5 micrograms per litre are considered to indicate that a lake

is becoming degraded (Table 2.3).

Table 2.3 shows the water chemistry parameters used, together with the relevant national
guidelines using the ANZECC (2000) approach. This approach establishes guideline
values based on the criteria of protecting 80% of species from adverse environmental
effects, and has been extensively applied in New Zealand. If the values in Table 2.3 are
exceeded in the Waituna catchment there can be considered to be a significant risk of loss

of species from the system.

Where water quality guidelines are not appropriate for use in the Waituna catchment,
because of the specific nature of the waterways present, guidelines have been set based on
the average values obtained from the least impacted site in the catchment, the Currans

Creek tributary.

2.3.3 Methods
The results from the WLG monitoring were summarised and graphed to show trends
through time. Results for temperature, pH, conductivity and clarity were graphed and
compared to national water quality guidelines, where appropriate. A subset of water
chemistry results from the Environment Southland database were selected for analysis
(Table 2.3). These were chosen to focus on issues that are known to be important at

‘Waituna.

2.3.4 Results and interpretation
In the figures below, results are shown in the units given in Table 2.3. Guidelines are
shown on the graphs as dotted lines. For sites in the lower reaches of streams and for the
Lagoon, the status of the Lagoon is shown by green shading (open/tidal) or by the

absence of shading (closed to the sea).

Results from the Waituna Landcare Group monitoring of the catchment show clear
seasonal patterns in water temperature that are consistent across the different streams
(Figure 2.3). Temperatures vary from approximately 5°C in winter to 25°C in summer.
Highest temperatures were recorded from the upstream sites on Currans Creek, Moffatt
Creek and Waituna Creek. The temperatures recorded in mid summer would be

considered excessive for trout (Elliot and Elliot 1995) and stonefly invertebrate larvae
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Figure 2.3

(Quinn and Hickey 1990), but below the lethal temperatures for most native fish species
(Richardson et al. 1994).

The pH of the streams ranged from acidic (4.0) to neutral (7.0), but tended to be acidic on
average (Figure 2.3). This was true of all sites, regardless of degree of catchment
development. The most acidic site was Currans Creek. It is assumed that the low pH in

the streams is due to the wetland source of most of the waterways. Wetlands generate

humic and tannic acids, which can result in naturally acidic waters.
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Temperature (°C) and pH for WLG sites, December 2001-January 2003. Refer to
Figure 2.2 for site locations.

Conductivity in all of the streams was elevated over that which has been found in the

reference stream, which does not have extensive farming in its catchment (Figure 2.4).

There were no clear seasonal patterns in the WLG data, nor was there any evident

association with Lagoon open/closed status. Conductivity did not appear to increase
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Figure 2.4

moving downstream, suggesting that supply of nutrients is approximately balanced by

uptake by macrophytes and algae and dilution by undeveloped tributaries closer to the

Lagoon.
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Figure 2.5

Clarity in the streams was highly variable (Figure 2.5), but appeared to be declining
through time in Currans Creek. Clarity in Waituna Creek was extremely low in January

2003, which may have been due to channel clearance activities in the catchment at that

time.
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Environment Southland monitor the water chemistry in the Waituna catchment at five

locations on a monthly basis (Figure 2.2):

Waituna Creek At Mokotua (ES 150)
At Marshalls Road (ES 63)

Moffatt Creek At Moffatt Road (ES 154)

Currans Creek Mainstem at Waituna Lagoon Road (ES 152)
A tributary near the Lagoon (ES 153)

An additional site is monitored in the centre of the Lagoon (ES 164). It is intended to add
additional sites on the Lagoon in the future (Michelle White, Environment Southland,
pers. comm.). Waituna Creek has been monitored at the Marshalls Road site since 1995,
while the additional sites were added in mid 2001 (Currans Creek, Moffatt Creek,
Waituna Creek at Mokotua) and late 2001 (Waituna Lagoon) (Table 2.2).

Waituna Creek
Waituna Creek at Mokotua (Figure 2.6) has high conductivity, and is very high in nitrate,

usually exceeding the water quality guidelines. Ammonia exceeds the guideline only
sporadically (Figure 2.6), however levels of phosphorus (Figure 2.7) exceed the guideline
frequently and appear to have exceeded the guidelines most commonly in the early part of
both 2002 and 2003. Levels of faecal coliforms in the stream can exceed the guideline

(Figure 2.7), with high values possibly becoming more common in recent years.

Waituna Creek at Marshall Road is the site that has been sampled for the longest period.
The site is consistently high in phosphorus, nitrate and faecal coliforms, and is generally
also high in ammonia (Figures 2.8, 2.9). The data show no clear relationship with the
status of the Lagoon. There appears to be a trend towards a slight increase in conductivity
since the beginning of 1998, which may indicate degradation of water quality (Figure

2.8).
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Figure 2.6
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ES water quality data for Waituna Creek at Mokotua. Dashed lines indicate
ANZECC 2000 guideline values.
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0.20 - Total Phosphorus - Waituna Creek @ Mokotua (ES 150)
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Figure 2.7 ES water quality data for Waituna Creek at Mokotua. Dashed lines indicate
ANZECC 2000 guideline values.
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CONDUCTIVITY - Waituna Crk at Marshalls Rd. (ES 63)
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Figure 2.8 ES water quality data for Waituna Creek at Marshalls Rd. Green bars indicate
when Lagoon is open..
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Figure 2.9
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