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Executive summary

NIWA was engaged by Otago Regional Council (ORC) to provide an assessment of selected water
quality and ecological data for the Manuherikia River catchment in Central Otago. This study
confirms that the information analysed provides an effective benchmark against which future
ecological condition assessments of catchments can be compared.

The ORC had several specific requirements:

= A comparison of five physico-chemical and microbiological water quality variables from
two time periods (~ 2009-2013 and 2016-2019).

=  Anassessment of trends over time in five water quality variables listed in the Regional
Plan Water for Otago (RPW); nitrite plus nitrate-N (NNN), ammoniacal nitrogen,
dissolved reactive phosphorus (DRP), turbidity and the faecal indicator bacterium
Escherichia coli (E. coli).

= A comparison of measured water quality values against both limits in Schedule 15 of
the ORC’s RPW and numeric attribute states in the National Objectives Framework
(NOF) of the NPS-FM 2014 (amended 2017).

=  Anassessment of ecological condition based on the results of periphyton (streambed
algae), physical habitat and macroinvertebrate community surveys carried out over
2016/17, together with fish population composition drawn from existing records and
annual surveys of two catchment streams between 2015 and 2018 inclusive.

An additional task included estimation of loads for DRP and NNN at sites where both sufficient water
quality data and flow estimates were available.

Water quality trends

In some catchments, there is evidence of improving trends in several variables. However, our
analysis revealed increasing trends in concentrations of some water quality variables at other sites,
indicative of declining water quality over time:

= |Increasing trends in ammoniacal-N concentrations were observed, but these should be
viewed with extreme caution because of the large number of results that were below
or near the analytical detection limit, the gap in concentration data at many sites
between 2012 and 2016, and changes in the laboratory detection limit from July 2014.
To avoid inappropriate use of observed trends, we have removed them from the body
of the report.

= Increasing concentrations of NNN and E. coli were evident in the Dunstan Creek
catchment, but DRP concentrations appear to be decreasing.

=  Decreasing DRP concentrations and decreasing turbidity was evident in the
Manuherikia River at both the Ophir and Galloway monitoring sites.

=  NNN concentrations at the Galloway site appear to be decreasing, but E. coli
concentrations show an increasing trend.

=  NNN and E. coli concentrations at the Ophir site are also on the increase.

Review of water quality and ecological data for the Manuherikia River catchment 7



Concentrations of NNN are increasing in the Thomsons Creek catchment., as are E. coli
concentrations and turbidity (at a lower rate). An improving trend in DRP
concentration is evident in this catchment (DRP concentrations are declining).

Comparison of water quality data between the two time periods using an ANOVA parametric test
revealed several statistically significant differences:

Median E. coli concentrations at Dunstan Cr at Beattie Rd site increased from 23.5 E.
coli/100 mL (pre 2013) to 40.5 E. coli/100 mL (post 2015).

Median DRP concentrations at Dunstan Cr at Beattie Rd site decreased from 0.01 mg/L
(pre 2013) to 0.004 mg/L (post 2015).

Median DRP concentrations at Manuherikia R at Loop Rd site decreased from 0.005
mg/L (pre 2013) to 0.003 mg/L (post 2015).

Median NNN concentrations at Manuherikia R at Loop Rd site decreased from 0.005
mg/L (pre 2013) to 0.002 mg/L (post 2015).

Median NNN concentrations at Chatto Cr u/s Manuherikia R” site decreased from 0.15
mg/L (pre 2013) to 0.08 mg/L (post 2015).

Comparison against ORC RPW limits

Schedule 15 of the RPW sets out numeric limits for five water quality variables that apply to the
results of water samples collected at river flows of median or less. The limits require 80% of these
sample results to be less than the specified limits.

Water quality data for the period February 2009 to February 2019 were divided into a series of six
‘rolling’ five-year periods, and one period of four years and two months duration. After removal of
data collected when river flows were above median flows, we found:

Ammoniacal-N concentrations were generally low (mostly below analytical detection),
and all sites complied with the limit of 0.1 mg/L.

The Chatto Creek catchment exceeded the NNN limit of 0.075 mg/L in six of the seven
five-year periods, and the Manuherikia River at Larkhill site exceeded the limit in each
five-year period. Although they met the limit, a large proportion of NNN

concentrations at both the Pool Burn and Thomsons Creek sites exceeded 0.075 mg/L.

Most mainstem sites on the Manuherikia River and tributary streams — including
Chatto Creek, Ida Burn, Lauder Creek, Pool Burn and Thomsons Creek — exceeded the
DRP limit (0.01 mg/L) across multiple five-year periods.

Thomsons Creek at SH 85 was the only site to exceed the E. coli limit of 260 cfu/100
mL. Although they met the limit, the Ida Burn at Auripo Road, Pool Burn at Auripo
Road and the Manuherikia at Ophir sites all recorded some E. coli counts above 260
cfu/100 mL.

Thomsons Creek at SH 85 was the only site to exceed the turbidity limit of 5 NTU, with
this occurring in one five-year period. However, several turbidity values over 5 NTU
were observed at this site, as well as the Ida Burn at Auripo Road, in other periods.

Review of water quality and ecological data for the Manuherikia River catchment



Comparison against the NOF attribute states of the NPS-FM 2014

The current NOF includes attribute state criteria for three of the five water quality variables of
interest: ammoniacal-N, NNN and E. coli. The first two attributes are based on concentrations that
relate to toxic effects on aquatic biota rather than adverse effects associated with eutrophication
(e.g., excessive periphyton growth). The E. coli attribute relates to human health risk from primary
contact recreation.

In accordance with the NPS-FM, we assessed each attribute on an annual basis (providing an
assessment for 10 calendar years, 2009 to 2018), using the specified statistics. We found:

=  Monitoring sites were generally graded in the A attribute state for the ammoniacal-N
threshold, indicating that at most sites there will be no toxic effects on sensitive
aquatic life. Where sites were graded in the B state, occasional adverse impacts on the
5% most sensitive species may be expected.

=  With the exception of the Manuherikia at Larkhill site (graded B), all monitoring sites
were consistently graded in the A attribute state for NNN, indicating that there are
unlikely to be toxic effects on sensitive aquatic life.

=  Robust assessment of E. coli attribute state was only possible at selected sites where
sufficient data (60 measurements over a five-year period) were available [Manuherikia
River at Galloway (six five-year periods), Manuherikia at Ophir (one), Dustan Creek at
Beattie Road (one), and Thomsons Creek at SH85 (two periods)]. Data for these sites
indicate attribute state varied from grade E or ‘red’ to A ‘blue’.

— These results indicate that an average infection risk to swimmers of up to 1%
(grade A), to more than 7% (grade E) exists.

— Consistently greatest illness risk occurs in Thomsons Creek (grade E), followed by
Dunstan Creek and the Manuherikia at Galloway and Ophir sites (grade D).

Ecological condition

Limited sediment deposition was evident at the six sites surveyed on the mainstem of the
Manuherikia River over 2016/17. Substrate across surveyed sites was varied and favourable for
invertebrates. Algal cover was greatest in the upper Manuherikia River, presumably as a
consequence of regulated, relatively stable flows downstream of Falls Dam, and low turbidity.
Soluble inorganic nutrient concentrations appear to reflect periphyton growth, decreasing in
response to uptake during the summer months. Periphyton species and abundance is consistent
with nutrient and substrate conditions, with greatest periphyton cover observed in the mid-to upper
reaches of the Manuherikia River. Flows in the river during the ecological monitoring campaigns
were generally above what might be considered 'low flow’ conditions, reflecting the high flows that
extended into summer 2016/17, and several rainfall events that also occurred.

Macroinvertebrate community surveys indicate the main stem of the Manuherikia River was in fair to
good condition over 2016/17, with macroinvertebrate community index (MCl) values ranging from
90 to 120. The semi-quantitative MCI (SQMCI) scores were greater than 4 (fair), with most samples
(10 of 18) indicating good to excellent condition. The exception appears to be the Loop Road site,
where lower MCl and semi-quantitative MCI (SQMCI) scores were consistent with greater periphyton
growth.

Review of water quality and ecological data for the Manuherikia River catchment 9



Based on four annual fish surveys, the Dunstan Creek site indicated a productive habitat for the
species observed, with a self-sustaining population of galaxiids. It is possible that this catchment
forms a refuge for galaxiids, because conditions discourage trout during periods of low flow and
elevated water temperature. The Thomsons Creek surveys indicate a greater influence of trout.

Soluble inorganic nutrient loads

Nutrient loads were calculated for NNN and DRP using a regression modelling technique. Nutrient
loads are seasonal, with largest loads estimated in the winter, roughly equivalent loads in spring and
autumn, and smallest loads in summer. Median annual NNN and DRP load estimates were largest for
the Manuherikia River at Ophir site — 66.6 kg/d and 9.6 kg/d, respectively. For tributaries where it
was possible to estimate loads, Dunstan Creek was the largest source of NNN (11.2 kg/d), while
Thomsons Creek was the largest source of DRP (1.5 kg/d). These load estimates are likely to be
useful when considering land use and changes in land use over time, and likely impact of nutrients on
water quality and ecological condition.

10 Review of water quality and ecological data for the Manuherikia River catchment



1 Introduction

To support implementation of the National Policy Statement for Freshwater Management 2014 (NPS-
FM), Otago Regional Council (ORC) engaged NIWA to assess water quality and ecological condition of
the Manuherikia River catchment in Central Otago. Routine (typically monthly) monitoring of
physical-chemical and microbiological water quality, and annual assessments of periphyton and
macroinvertebrate community composition, have been carried out at a small selection of sites for
many years. Around 2011 and over 2016/17, additional monitoring was carried out across a wider
range of sites and encompassing a wider suite of measurements — including, in 2016/17, assessments
of stream habitat quality, deposited sediment and fish diversity.

The primary purpose of this assessment is to provide a benchmark against which future water quality
and ecological condition may be compared. The period of interest to ORC dates from early 2009.

Specially, the ORC required:

= A comparison of physico-chemical and microbiological water quality data from two
time periods (part of 2009-2013 and 2016-2019).

=  Anassessment of trends over time in five water quality variables listed in the Regional
Plan Water for Otago (RPW); nitrite plus nitrate nitrogen (NNN), ammoniacal nitrogen,
dissolved reactive phosphorus (DRP), turbidity and the faecal indicator bacterium
Escherichia coli (E. coli).

= A comparison of measured water quality values against both limits in Schedule 15 of
the ORC’s Regional Plan Water for Otago (RPW, (ORC 2004, as updated) and numeric
attribute states in the National Objectives Framework (NOF) of the NPS-FM 2014
(amended 2017, (New Zealand Government 2017)).

=  Anassessment of ecological condition that considered the results of recent surveys of
periphyton (streambed algae), physical habitat quality, macroinvertebrate community
health, and fish population composition.

=  Estimation of loads for DRP and NNN at sites where both sufficient water quality data
and flow estimates were available.

1.1 Report outline

The report reviews physico-chemical and biological data, and has been structured as follows:
= Section 2 describes the materials and methods used.
= Section 3 summarises the results of the various assessments, with

— Section 3.2 to 3.5 focussing on physico-chemical water quality, trends in
concentration over time, comparison between two periods of time, compliance
with ORC RPW limits and comparison with NPS-FM attribute states (where
appropriate), respectively.

— Section 3.7 provides estimates of loads of NNN and DRP for sites where sufficient
data are available.

Review of water quality and ecological data for the Manuherikia River catchment 11



Section 4 considers ecological condition, subdivided as follows:
— Section 4 considers habitat quality
— Section 4.1.4 focuses on sediment, and

— Sections 4.3, 4.4 and 4.5 address periphyton cover, macroinvertebrate abundance
and fishery data, respectively.

Section 5 is a discussion that integrates the results of the earlier separate assessments
as far as possible.

12
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2 Methods

The data were provided by ORC and comprise a combination of ongoing routine State of the
Environment, semi-regular and episodic sampling campaigns. This section provides broad
descriptions of the collection methods used and the periods of time represented by the data, along
with an overview of our methods of analysis.

2.1 Physico-chemical water quality data

Grab sample water quality data were provided for sites across the Manuherikia River catchment —
these are summarised in Table 2-1, and the locations of these sites are indicated in Figure 2-1. The
sites are also shown in schematic form in Figure 2-2, along with flow monitoring sites. Water quality
sites were divided into two groups — those identified by ORC as primary sites for this assessment, and
an additional group of sites included in the overall assessment for completeness. Primary sites are
identified in Table 2-1 with bold text. The “Flow reference site” column indicates the sites identified
in the ORC’s RPW for determining whether flows across the Manuherikia River catchment are
deemed to be below or above median flow conditions. Use of these values is described further in
Section 3.1.

Review of water quality and ecological data for the Manuherikia River catchment 13



Table 2-1: Summary of number of data available for each site and water quality variable combination.
Note that for some variables a gap exists between approximately 2010-2015 (this is evident from time-series
plots summarised in Appendix E). Primary sites identified by ORC are shown in bold.

Period of Number of measurements Flow
record

Site name ref.

T e v
Chatto Cr at Manuherikia 09/09 09/17 38 38 12 38 13 A
Dunstan Cr at BeattieRd  07/09 02/19 108 107 107 107 88 B
Hills Cr at SH85 08/18 02/19 7 7 7 7 7 B
Ida Burn at Auripo Rd 07/09  05/13 32 32 31 32 13 B
Ida Burn at Blackstone Hill  09/09  09/10 26 26 26 1 B
Ida Burn at SH85 07/09 05/13 32 32 31 32 13 B
Lauder Cr at Cattle Yards 10/16  08/17 10 10 10 10 10 B
Lauder Cr at Rail Trail 09/09 09/17 38 38 12 38 13 B
nzr:\:’::;'skg 20m ufs 01/18  05/18 5 5 5 5 5 A
ﬁ,f:.’:f:sk'; 80m u/s 11/17  12/17 1 1 2 1 1 A
Manuherikia at B

Blackstone Hill 07/09 02/19 89 89 88 89 69

Manuherikia at Galloway 01/08 02/19 124 124 205 124 107 A
Manuherikia at Larkhill 07/11 03/16 32 32 2 29 B
Manuherikia at Loop Rd 09/09 05/18 46 46 20 46 21 B
Manuherikia at Omakau 09/09 05/18 46 46 20 46 21 B
Manubherikia at Ophir 01/08 02/19 118 118 117 118 101 B
Manubherikia d/s Fork 10/16 02/19 19 19 19 19 19 B
xa"“herikia u/sChatto 49109  05/18 46 46 20 46 21 B
Manuherikia u/s Ida Burn ~ 09/09  09/10 26 26 26 1 B
Pool Burn at Auripo Rd 07/09  05/13 33 33 32 33 13 B
Poolburn at Cob Cottage 10/16 02/19 19 19 19 19 19 B
Thomsons Cr at Race 10/16 02/19 31 31 36 31 31 A
Thomsons Cr at SH85 09/09 02/19 102 102 106 102 78 A
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Figure 2-1:  Location of water quality and biological monitoring sites, Manuherikia River catchment. Green circles
indicate flow monitoring only, magenta circles indicate water quality monitoring only, and orange circles indicate both
flow, ecological and water quality monitoring.
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Figure 2-2:  Schematic of flow and water quality monitoring sites, Manuherikia River catchment. Green
rectangles indicate flow monitoring only, mauve rectangles indicate water quality monitoring only, and orange
rectangles indicate both flow, ecological monitoring and water quality monitoring. Reference sites are labelled
with green oval shapes, and associated water quality sites are labelled with letters in circles.
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Data for five water quality variables of interest to ORC — ammoniacal nitrogen, nitrite plus nitrate
nitrogen (NNN), dissolved reactive phosphorus (DRP), E. coli and turbidity — were provided in
Microsoft Excel spreadsheets, and were used as received. The data were manipulated in Excel (to
combine flow data with the associated grab sample water quality record, using the VLOOKUP
function to match dates in each record), and to combine these data into a single database. Data
analysis was undertaken in several different software packages:

=  LOADEST was used for load estimation.
=  Trends were estimated using the TimeTrend software (v6.30).

=  Systat v13.2 was used for all other analyses and to prepare most of the figures and
compliance-exceedance tables. A description of a boxplot derived from Systat is
included in Appendix A.

2.1.1 Trend analysis

Where possible trend was assessed using the Seasonal Mann-Kendall procedure in the TimeTrends
software.! For sites where flow data were available, flow was used as a covariate. Trends were also
de-seasonalised. The data record for several sites was broken, which limits application of trend
analysis methods.

2.1.2 Assessment against Regional Plan Water limits

Water quality data were assessed against ‘Receiving Water Group 2’ water quality limits specified in
Schedule 15 of the RPW (Table 2-2).? These limits are met at a site when the results of 80% or more
of water samples collected at or below median flow over a five-year period are lower than the
numeric limit. Table 16B of Schedule 15 of the RPW identifies that the median flow status of all
catchment sites is determined from two reference sites on the Manuherikia River mainstem — the
Manuherikia River at Campground and the Manuherikia River at Ophir.

! TimeTrends software, available from http://www.jowettconsulting.co.nz/home/software
2 https://www.orc.govt.nz/plans-policies-reports/regional-plans-and-polices/water
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Table 2-2:  Water quality limits and target dates for their achievement, as defined in the ORC’s Regional
Plan Water (RPW). * cfu indicates “colony forming units”. 8 NTU = Nephelometric Turbidity Units, a measure of
the “cloudiness” of water arising from light-scattering particles. DRP is shaded to indicate the different target
date.

Water quality variable RPW limit (units) Target date
Ammoniacal-N 0.1 (mg/L) 31 March 2012
Dissolved reactive phosphate (DRP) 0.01 (mg/L) 31 March 2025
E. coli 260 (cfu/100 mL)A 31 March 2012
NNN 0.075 (mg/L) 31 March 2012
Turbidity 5.0 (NTU)B 31 March 2012

2.1.3 Assessment against NPS-FM NOF attribute states

Ammoniacal-N, NNN and E. coli data were assessed against their respective numeric attributes states
specified in the National Objective Framework (NOF) of the NPS-FM. These attribute states are
summarised in Table 2-3, Table 2-4 and Table 2-5 for ammoniacal-N, NNN and E. coli, respectively.
The attribute thresholds for ammoniacal-N and NNN relate to ecosystem health and the potential for
toxic effects on a range of test organisms, whereas the classification in terms of E. coli concentrations
provides a direct estimate of human health risk (risk of infection). The NPS-FM notes that for NNN
more stringent thresholds will be required when managing a catchment in terms of trophic state.

Table 2-3:  Ammoniacal-N attribute state thresholds defined in the National Objective Framework of the
NPS-FM. The colour codes align with the assessment results presented in Section 3 (New Zealand Government
2017).

Numeric attribute state thresholds
Attribute state  (M8/L as ammoniacal-N) [based on pH 8.0 and 20°C]  Colour code

Annual median Annual maximum
A <0.03 <0.05 -
B >0.03 and <0.24 >0.05 and <0.04 Green
C >0.24 and £1.30 >0.40 and 2.2 Orange
D >1.30 >2.20 Red

Table 2-4: NNN attribute state thresholds defined in the National Objective Framework of the NPS-
FM.The colour codes align with the assessment results presented in Section 3 (New Zealand Government
2017).

Numeric attribute state thresholds
(mg/L as NNN)

Attribute state Colour code
Annual median Annual 95th
percentile
B >1.0and 2.4 >1.5and <3.5 Green
C >2.40 and <6.9 >3.5and <9.8 Orange
D >6.9 >9.8 Red
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Table 2-5:  Microbiological attribute state thresholds defined in the National Objective Framework of the
NPS-FM in terms of E. coli concentrations. The colour codes align with the assessment results presented in
Section 3 (New Zealand Government 2017).

Numeric attribute state thresholds (n/100 mL as E. coli)
[requires 60 samples/five-year period]

Attribute Exceedances (%) Concentration (cfu/100 Colour Infection
state mL) code risk (%)
No samples >540 No samples >260 Median 95th
cfu/100 mL cfu/100 mL percentile
A <5% <20% <130 <540 _
B 5-10% 20-30% <130 <1000 Green 2
C 10-20% 20-34% <130 <1200 Yellow 3
D 20-30% >34% >130 >1200 Orange >3
E >30% >50% >260 >1200 Red >7

2.1.4 Water quality loads

Initially it was anticipated that trends in water quality loads would be considered in parallel with land
use change. However, land use data representative of the two periods were not available so the
emphasis of the assessment was shifted to include estimation of loads of two key water quality
variables — NNN and DRP.3

DRP and NNN flux was estimated using the LOADEST software (Runkel et al. 2004). In brief, the
software is described as:

“LOAD ESTimator (LOADEST) is a FORTRAN program for estimating constituent loads in streams and rivers.
Given a time series of streamflow, additional data variables, and constituent concentration, LOADEST
assists the user in developing a regression model for the estimation of constituent load (calibration).
Explanatory variables within the regression model include various functions of streamflow, decimal time,
and additional user-specified data variables. The formulated regression model then is used to estimate
loads over a user-specified time interval (estimation). Mean load estimates, standard errors, and 95
percent confidence intervals are developed on a monthly and(or) seasonal basis. The calibration and
estimation procedures within LOADEST are based on three statistical estimation methods. LOADEST
output includes diagnostic tests and warnings to assist the user in determining the appropriate estimation
method and in interpreting the estimated loads.”

Results from the load estimation were provided as a daily flux or mass load estimate, as well as
seasonal and monthly average values (for each month of the estimation period). Flow data were not
available for all sites, so the number of sites at which loads could be estimated was limited.

3 Estimation of ammoniacal-N loads at most sites was limited by the large number of results at or below the laboratory analytical limit of
detection. This constraint was exacerbated by the change in detection limit over time. In any case, the majority of inorganic N in surface
waters is usually present as NNN.
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2.2 Ecological condition

Ecological condition was assessed using data collected for the purposes indicated in Table 2-6, the
sites, and survey dates are defined in the table as well.

Table 2-6:  Sites and ecological condition characteristics surveyed in the Manuherikia River catchment.

Ecological characteristic and survey dates

) sediment Periphyton Fish
Survey site Habitat cover Macroinvertebrate species
. cover/ .
condition and community data and
embeddedness o
composition abundance
Manuherikia River Yes Yes Yes Yes )
downstream of Fork
Manuherikia River at Yes Yes Yes Yes )
Loop Road
Manuherikia River at
Blackstone Hill Yes ves Yes ves i
Manuherikia River at Yes Yes Yes Yes )
Omakau
M .
an.uherlkla River at Yes Yes Yes Yes )
Ophir
Manuherikia Ri t
anuherikia River a Yes Yes Yes Yes i
Galloway
Dunstan Creek at Beattie
- - - - Yes
Rd
Thomsons Creek at SH85 - - - - Yes
Survey dates 20-21/2/17 17/12/16; 17/12/16; 17/12/16; 12/2/15;
20-21/2/17; 20-21/2/17; 20-21/2/17; 14/01/16;
30-31/03/17 30-31/03/17 26/04/17 08/02/17;
26/04/17 26/04/17 25/01/18

2.2.1 Habitat quality

One-off stream habitat assessments were undertaken at each site indicated in Table 2-6 according to
the National Rapid Habitat Assessment Protocol Development for Streams and Rivers (Clapcott
2015). This assessment covered ten parameters: deposited sediment, invertebrate habitat diversity,
invertebrate habitat abundance, fish cover diversity, fish cover abundance, hydraulic heterogeneity,
bank erosion, bank vegetation, riparian width, and riparian shade.

2.2.2 Sediment cover

Sediment cover assessments were undertaken at the sites and on the dates indicated in Table 2-6
according to Sediment Assessment Method 2 (SAM2): “In-stream visual estimate of percentage
sediment cover”, outlined by Clapcott et al. (2011). This provides for a semi-quantitative assessment
of the surface area of the streambed covered by sediment, with at least 20 readings made within a
single habitat using an underwater viewer.
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2.2.3 Periphyton

Periphyton cover assessments were undertaken at the sites and on the dates indicated in Table 2-6
using a modified version of the Rapid Assessment Method 2 (RAM-2): “Line transect — point method”
outlined in (Biggs and Kilroy 2002). The width of the wadeable streambed at four locations was
divided into five equally spaced points (which were surveyed as transects). At the first point across
the transect an underwater viewer was used to view the substrate and the percentage of the bed
within the field of view covered by each periphyton cover category was estimated. The estimation
was continued across the stream width and repeated moving upstream. The periphyton cover was
then categorised in line with Biggs and Kilroy (2002) and assessed against the guidelines for mat and
filamentous algal cover provided in the New Zealand Periphyton Guidelines (Biggs 2000).

In addition to periphyton cover, periphyton biomass — as concentrations of chlorophyll a — were
assessed. Insufficient data exists for comparison against the relevant numeric attributes states

specified in the National Objective Framework (NOF) of the NPS-FM (New Zealand Government
2017) — data are required for a period of at least three years.

Biggs and Kilroy (2002) include a periphyton index designed to provide a general assessment of
periphyton cover and the community composition that enables a general assessment of stream
enrichment. The index recognises 12 main types of periphyton based on colour and thickness. In
general, periphyton communities dominated by thin mat algae are typical of clean streams with
higher stream water flow and low concentrations of nutrients, while thicker mats of algae and long
filamentous algae are typical of increasingly enriched conditions, low flows, increasing water
temperatures and/or diffuse or point-source nutrient inputs. Scores of up to 1.9 are classified as
‘very poor’, those of 2—3.9 as ‘poor to moderate’, those of 4-5.9 as ‘moderate’, those of 6-7.9 as
‘good’, and those of 810 as ‘very good’ (Biggs and Kilroy 2002).

2.2.4 Macroinvertebrates

One macroinvertebrate sample was collected from each of six sites on the Manuherikia River on
three sampling occasions (indicated in Table 2-6). Samples were collected with a kick net according to
collection protocol ‘C1: hard-bottomed semi-quantitative’, as described in the Ministry for the
Environment’s protocols for sampling macroinvertebrates in wadeable streams (Stark et al. 2001).
Protocol ‘P1: Coded abundance’ was used to enumerate macroinvertebrate taxa.

Macroinvertebrate community composition was assessed through calculation of a series of
commonly reported indices:

=  Total taxa richness — describes the total number of different types of
macroinvertebrates present at a site. In general, high total taxa richness scores
indicate higher quality and more diverse habitat.

= EPTrichness and % — the presence and abundance of Ephemeroptera (mayflies),
Plecoptera (stoneflies) and Trichoptera (caddisflies), collectively known by the
acronym EPT. EPT taxa are widely used bio-indicators of freshwater ecosystem health
due to their ‘heightened sensitivity’ to habitat degradation or pollution.
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=  Macroinvertebrate Community Index (MCI) — an indicator of the tolerance of
macroinvertebrate communities to organic pollution, although it may also respond to
an interacting complex of other environmental variables, and it provides a
complementary measure of stream health. Sites with scores less than 80 are classified
as poor, those scoring 80-100 as fair, those scoring 100-120 as good, and those scoring
higher than 120 as excellent (Stark and Maxted 2007).

=  Semi-Quantitative Macroinvertebrate Community Index (SQMCI) — a variant of the MClI
that incorporates a rapid assessment of taxa abundance in its measure of stream
health, where each taxon is coded as Rare, Common, Abundant, Very Abundant, or
Very Abundant. Stream health at sites with scores less than 4.00 is classified as poor,
those scoring 4.00-4.99 as fair, scores of 5.00-5.99 as good, and scores greater than
5.99 indicate excellent stream health (Stark and Maxted 2007).

The indices were calculated according to the methods and requirements of Collier and Kelly (2005).

2.2.5 Fish

Two forms of fish data were available; existing records in the New Zealand Freshwater Fish Database
(Crow 2018) and annual fish surveys carried out between 2015 and 2018 inclusive (indicated in Table
2-6).

Fish surveys were carried out on two tributaries of the Manuherikia River — Dunstan Creek and
Thomson Creek — by electric fishing using the standardised methods outlined by Waikato Regional
Council (David and Hamar 2010). At each site, a 150 m reach was surveyed by single pass electric
fishing. The number of each species captured, along with fish lengths, was recorded for every 15 m
sub-reach. This survey approach is designed to maximise the likelihood of capturing the full diversity
of species present by encompassing the full range of habitats within a stream reach. Results are
presented as relative abundance standardised by survey area (number of fish divided by total area
sampled).* Interpretation of the relative abundance estimates is restricted to temporal comparisons
at the same site, assuming the same reach is sampled, with the same level of effort and sampling
efficiency on each sampling occasion.

4Single pass electric fishing is a semi-quantitative method so abundance data are not equivalent to fish density and should not be used for
comparison between sites.
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3 Results — physico-chemical water quality variables

3.1 Hydrological conditions

Available discharge data are summarised graphically in Appendix B, where summary statistics are
provided. The latter should be used with caution because of the large duration of missing record for
six of the available sites. Summary statistics for the two reference sites are provided below to allow
comparison between recent flow characteristics and those since January 2016. A graphical

comparison of monthly median flows and the flows at the time of biological surveys is provided in

Figure 3-1.

Table 3-1:  Discharge characteristics for the two reference sites identified in the Manuherikia River
catchment. The relationship between flow conditions and biological monitoring conditions is described in
more detail in Section 4.3.

Discharge characteristics by site and period

Statistic Campground site Ophir site
All Pre-2013 Post-2016 All Pre-2013 Post-2016
N of Cases 3787 1521 1173 4093 1827 1171
Minimum 406 522 548 1131 1131 1564
Maximum 465457 465457 321192 285884 260641 285884
Median 11783 12105 12388 10097 9944 10918
Mean 16325 17349 15917 13983 14059 14857
Std Dev. 26240 27079 24167 19252 17338 22291
Cleveland ptiles
1% 621 693 697 1448 1417 1744
5% 892 1036 854 1930 2152 2000
10% 1130 1341 1017 2276 2605 2194
20% 1881 2733 1628 2954 3249 2587
25% 2645 4134 2260 3388 3881 3122
30% 3913 5538 3051 4185 4977 3832
40% 7853 9254 8006 7103 7805 8081
50% 11783 12105 12388 10097 9944 10918
60% 14653 14563 14984 12037 11946 12877
70% 17719 17856 17889 15121 14972 16208
75% 19863 19775 20370 17247 17386 17726
80% 22259 22604 22514 19533 19757 19773
90% 32390 34928 31179 27643 28717 28559
95% 45106 48662 41984 38204 40112 38338
99% 126129 127608 105408 96305 82829 114151
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Figure 3-1: Comparison of discharge conditions during biological surveys (red dot), long term median flow
(2009-2019, blue), median flow post-2016 (green). The broken horizontal line is the median flow defined for
each site in the ORC Water Plan (Schedule 15, Table 16B). note the logarithmic scale.

3.2  Physico-chemical water quality

The data for each key site identified and water quality variable identified in Table 2-1 over the period
2009-2019 inclusive is summarised in box and whisker format in Figure 3-3 (additional sites are
included in box and whisker plots in Appendix B). In each figure, the sites are arranged in descending
order (from upper catchment to lower catchment) along the Manuherikia River main stem. The
stippled vertical lines indicate the relevant ORC Regional Plan Water (RPW) limit. These limits have
been added for reference purposes only; as outlined in Section 2.1.2, the limits apply only to data
collected at median or lower river flows. Compliance with these limits is assessed in Section 3.6.1.

The ammoniacal-N data requires special attention. Examination of the time series records for most
sites indicates a step-change from July 2014 arising from an improvement in the laboratory detection
limit. The significance of this change is evident from data for the Manuherikia River at Galloway site,
which has the longest and largest available record for both ammoniacal-N and NNN (Figure 3-2).
Prior to July 2014, all but three ammoniacal-N results were reported as being below detection limit,
whereas after July 2014 a more substantial proportion were reported as values above the detection
limit. This effect is not evident in the NNN record for the same site and period, reflecting the fact
that NNN is consistently present in measurable concentrations in most natural surface waters. This
has significance in terms of trend detection, or when comparing data between two periods, and
caution is required when considering the results of trend detection.
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Figure 3-2: Influence of change in laboratory analytical procedures on reported results for ammoniacal
nitrogen (left) and NNN. Data are for the Manuherikia River at Galloway site, which has the longest record for
these variables. Note effect of change in laboratory method/detection limit in July 2014.

From Figure 3-3 it can be seen that:

=  The bulk of ammoniacal-N data (Figure 3-3 A) were at or near the analytical limit of
detection, with little indication of spatial trend.

=  NNN concentrations (Figure 3-3 B) increased in a downstream direction at all sites
where multiple sample sites exist (a spatial trend typical of most catchments). The
highest median concentrations were recorded at sites on two tributaries to the
Manuherikia River; Thomsons Creek at SH 85 and Chatto Creek at confluence).

=  DRP concentrations (Figure 3-3 C) were low in all upper catchment sites (Manuherikia
mainstem and tributary streams). Median concentrations were above 0.01 mg/L in
mid-catchment reaches of the Manuherikia River, and in lower catchment tributaries.

= Arelatively clear distinction between upper tributary-, mid- and lower catchment
turbidity values (Figure 3-3 D). Median mid-catchment turbidity values were similar,
with the Manuherikia River upstream of Thomsons Creek recording the most values
over 5 NTU.

= E. coli concentrations generally increased in a downstream direction (Figure 3-3 E) in a
similar manner to nutrient concentrations. The Thomsons Creek at SH 85 and Chatto
Creek at confluence sites recorded the highest median concentrations, with the former
recording a median over 260 E. coli/100 mL (the commonly applied ‘amber/alert’
threshold for contact recreation).
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Figure 3-3: Box and whisker plots for five water quality variables measured at sites in the Manuherikia
River catchment over the period January 2008—February 2019 inclusive. (Note that data available for specific
variables at some sites may be for a shorter period — refer to Table 2-1). The red dot is the average value for
the data set. Note x-axis scales have a logio scale. For A-E, the black broken line represents the ORC’s RPW
limit, provided for reference purposes only.
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3.3 Difference in water quality between 2012 and 2017

Here we compare measured water quality values between two periods of interest to the ORC — data
for the period post-2016 versus data derived from an assessment carried out around 2011. The
available data spanned periods that extended outside of these two calendar years. Accordingly, data
were classified into a “pre-2013 period”, and a “post-2016 period”. These defined periods were also
consistent with available flow data for several sites. The number of data in each period is reported
together with the statistical test results in Appendix H. The extent of data for each variable and the
gap between periods is evident in the time series figures for each site and variable in Appendix E.

Data were logio transformed and a concentration data between the two periods were assessed using
a two-side ANOVA. The likelihood that the arithmetic means were not indistinguishable at the 95%
significance level were estimated. The results are summarised in Appendix H. Statistically significant
differences are summarised in Table 3-2. For several sites and water quality variables, insufficient
data existed for comparison. Available data for the two periods are summarised in Figure 3-4 for
visual comparison. The results are broadly consistent with those for the temporal trend tests.

Table 3-2: ANOVA comparison of independent samples indicating statistically significant differences
between sample subsets for two times periods. Data were lo1o transformed prior to analysis. Results for all
variables where adequate data exist are summarised in Appendix H. Green indicates decrease in concentration
between the two periods, and magenta indicates an increase in concentration.

Site Variable Median conc. (mg/L) Probability at 95%

. significance level
(unit) Pre-2013 Post-2016 &

Dunstan Creek at E. coli 235 40.5 0.002

Beattie Rd (n/100 mL)

Dunstan Creek at DRP 0.01 0.004 <0.001

Beattie Rd (mg/L)

ManuR at NNN 0.005 0.002 <0.001

Blackstone (mg/L)

Manuherikia R at DRP 0.005 0.003 <0.001

Loop Rd (mg/L)

Manuherikia R at NNN 0.005 0.002 <0.001

Loop Rd (mg/L)

Chatto Cr at Manu R NNN 0.15 0.88 0.004

(mg/L)
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Figure 3-4: Comparison of data by site between pre-January 2016 and post-December 2015 period. The

blue and red dots are the average value for each period, respectively. The symbology used in the box and
whisker plot is explained in Appendix A. The horizontal black dashed lines indicate the ORC RPW limits (for
reference purposes only). Note the y-axis scales vary, and have a logio scale.
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3.4 Temporal trends

Seasonal and flow-adjusted trend assessments provided similar outcomes. The results for all sites
are provided in Appendix G. Test results that indicated several, statistically significant increasing or
decreasing trend are listed in Table 3-3.

Table 3-3:  Summary of Kruskall-Wallis tests indicating trend. Positive and negative percent annual change
(PAC) values indicate increasing or decreasing trend respectively. Values in parentheses are probability. Values
in non-bold font were estimated using seasonal median values, and values in bold are for all values in each
season. Definitions of likelihood of trend direction and confidence are as used in the TimeTrends software.

Percent annual change

. . Decreasing . . Increasing
Site Var. Decreasing Decreasing Increasing Increasing
trend trend
trend trend very . trend trend very .
R . virtually R . virtually
possible likely . possible likely .
certain certain
-4.43 (1.00)
DRP -6.37 (1.00)
Dunstan Creek at . 6.04 (0.95)
. E. coli
Beattie Road 4.2 (0.95)
5.42 (0.98)
NNN 6.75 (0.99)
E. coli 1.72 (0.64) 5.09 (0.98)
-2.88 (0.99)
DRP
-3.6 (1.0)
Manuherikia at
Galloway -2.68 (0.82)
NNN- 501 (0.79)
Unlikely
Tub 112 (0.8)
. Unlikely
E. col
cot 3.06 (0.9)
-4.14 (0.99)
DRP
Manuherikia at -2.67(0.99)
Ophir NN 1.05 (0.70)
1.06 (0.79)
-1.04 (0.73)
Tub 1 89(0.76)
. 4.59 (0.68)
E. coli 5.06 (0.87)
-1.84 (0.71)
DRP
Thomsons Creek -1.32(0.71)
at SH85 NN 13.39 (1.00)
13.66 (1.00)
6.56 (0.77)
Turb 6.59 (0.65)
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3.5

Compliance with numeric water quality limits

3.5.1 ORC limits

The ORC RPW requires 80% of samples collected at a site, when flows are at or below median flow,
over a rolling 5-year period, to meet or be better than the limits specified in Schedule 15. Given the
discontinuous nature of the data for several sites, we assessed compliance with the five ORC numeric
thresholds as follows:

Vi.

The assessment period was categorised into six ‘rolling’ five-year periods (2009-2013;
2010-2014; 2011-2015; 2012-2016; 2013-2017; 2014-2018). A seventh period (2015-
2019) represented data for a shorter period (approximately four years and two months).

Each site was associated with one of the reference sites defined in Schedule 15 of the
ORC Water Plan — as indicated in Table 2-1.

Where the flow at the reference site was less than the median flow, each sample result
was compared with the numeric limit, and classified as “Pass” or “Fail”.

For each water quality sample date, the flow at the relevant reference site was
compared with the reference median flow, and classified as above or below median.

Where the flow was below median and the concentration of a given water quality
variable exceeded its specified limit, the result was classified “non-compliant”. For each
five-year period the total number of results (all flow conditions), the number of sample
results when Q<Qso, and the number of “Comply”/”Non-comply” results were
calculated.

The number of sample results classified as “Non-comply” in each period was expressed
as the proportion of results obtained when Q< Qso, expressed as a percentage.

The compliance assessment results are summarised in Table 3-4 through Table 3-8, with shading
used to indicate sites that failed to meet the relevant numeric limit over a rolling five-year period.

NNN

In each five-year period, the water quality limit of 0.075 mg/L was exceeded at the
Manuherikia at Larkhill site, and in six years of seven at the Chatto Cr u/s Manuherikia
confluence site.

Sub-catchments where NNN is potentially an emerging problem (indicated by several
years comprising a large proportion of individual results above the numerical limit
value) include the Thomsons Creek and Poolburn.

Ammoniacal-N

As noted earlier, the bulk of results were at or below the analytical detection limit.

The Poolburn was the only sub-catchment to regularly record ammoniacal-N
concentrations above 0.01 mg/L.

Data are not tabulate for ammoniacal-N.
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Dissolved reactive phosphorus

E. coli

Turbidity

The DRP limit was exceeded during at least two five-year periods at 11 sites across the
catchment.

DRP concentrations in the Manuherikia mainstem exceeded the limit in most five-year
period at sites downstream of Omakau.

The bulk of the exceedances of the water quality limit occurred in the lower reaches of
tributary streams, or along the main stem of the Manuherikia River downstream of the
Ida Burn confluence.

The 260 cfu/100 mL limit was exceeded at the Thomsons Creek at SH 85 site in each
five-year period.

All other sites met the limit, although approximately one third of results in the
Manuherikia River at Ophir site exceeded 260 cfu/100 mL in most five-year periods.

The limit of 5 NTU was exceeded at the Thomsons Creek site in the 2009-2013 period.

A relatively large number of turbidity measurements were above 5 NTU in Thomsons
Creek in other five-year periods, as well as the Ida Burn and the Manuherikia River at
Blackstone Hill site.

Table 3-4:  Summary of compliance with the ORC RWP NNN limit. Where concentrations in more than 80%
of water samples collected in a five-year period (when flows are less than median at an associated flow
monitoring site) exceed 0.075 mg/L, the cell is shaded magenta. P1 to P7 indicate ‘rolling’ five-year periods
where P1is 2009-2013 and P7 is 2015 to 2019. Sites where data were not available are excluded.

) Non-compliant sample results per five-year period (percent)

site P1 P2 P3 P4 P5 P6 P7
Chatto Cr u/s Manuherikia 94 100 100 100 100 100
Dunstan Cr at Beattie Rd 5 5 5
Lauder Cr at Rail trail 7 10
Manuherikia at Galloway 4 4
Manuherikia at Larkhill 100 100 100 100 100 100 100
Manuherikia at Ophir 9 10 11 8 8 5
Pool Burn at Auripo Rd 12 16 67 67 67
Poolburn at Cob Cottage 17
Thomsons Cr at SH85 32 50 63 50 47 41 40
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Table 3-5:  Summary of compliance with the ORC RPW ammoniacal-N limit. Where concentrations in more
than 80% of water samples collected in a five-year period (when flows are less than median at an associated
flow monitoring site) exceed 0.1 mg/L, the cell is shaded pink. P1 to P7 indicate ‘rolling’ five-year periods where
P1is 2009-2013 and P7 is 2015 to 2019. Sites where data were not available are excluded.

Proportion non-compliant per five-year period (percent)
Site
P1 P2 P3 P4 P5 P6 P7
Pool Burn at Auripo Rd 6 8 34 34 34

Table 3-6:  Summary of compliance with the ORC RWP DRP limit. Where concentrations in more than 80%
of water samples collected in a five-year period (when flows are less than median at an associated flow
monitoring site) exceed 0.01 mg/L, the cell is shaded pink. P1 to P7 indicate ‘rolling’ five-year periods where P1
is 2009-2013 and P7 is 2015 to 2019. Sites where data were not available are excluded.

] Proportion non-compliant per five-year period (percent)

Ste P1 P2 P3 P4 P5 P6 P7
Chatto Cr u/s Manuherikia 100 100 100 100 100 100
Ida Burn at Auripo Rd 100 100 100 100 100
Ida Burn at Blackstone H 100 100
Lauder Cr at Rail trail 74 90 100 100 100 100
Manuherikia at Galloway 80 86 80 83 84 75 66
Manuherikia at Larkhill 63 50 55 70 60 50 100
Manuherikia at Omakau 94 90 100 67 58 58
Manuherikia at Ophir 96 96 95 96 100 96 96
Manuherikia u/s Chatto C 88 91 100 84 63 63
Manuherikia u/s Ida Burn 14 10
Pool Burn at Auripo Rd 100 100 100 100 100
Poolburn at Cob Cottage 100 100 100 100
Thomsons Cr at SH85 100 100 100 100 100 97 97
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Table 3-7:

Summary of compliance with the ORC RPW E. coli limit. Where concentrations in more than
80% of water samples collected in a five-year period (when flows are less than median at an associated flow
monitoring site) exceed260 cfu/100 mL, the cell is shaded pink. P1 to P7 indicate ‘rolling’ five-year periods
where P1 is 2009-2013 and P7 is 2015 to 2019. Sites where data were not available are excluded.

Proportion non-compliant per five-year period (percent)

Site

P1 P2 P3 P4 P5 P6 P7
Chatto Cr u/s Manuherikia 50 50 50
Dunstan Cr at Beattie Rd 4 5 5
Hills Cr at SH85 50
Ida Burn at Auripo Rd 45 54 34 34 34
Manuherikia at Blackstone Hill 6 7 9 6 9 5 15
Manuherikia at Galloway 12 18 17 16 19 19 14
Manuherikia at Ophir 35 50 37 28 36 30 24
Manuherikia u/s Chatto C 17 13 13
Pool Burn at Auripo Rd 23 24 34 34 34
Poolburn at Cob Cottage 17
Thomsons Cr at SH85 85 85 88 82 84 82 80

Table 3-8:

Proportion non-compliant per five-year period (percent)

Site

P1 P2 P3 P4 P5 P6 P7
Dunstan Cr at Beattie Rd 4 5 5
Ida Burn at Auripo Rd 29 40 67 67 67
Lauder Cr at Rail trail 25 25 25
Manuherikia at Blackstone Hill 25 23 18 20 24
Manuherikia at Galloway 6 5
Manuherikia at Ophir 17 15 11 8 8
Thomsons Cr at SH85 100 78 50 37 27 22 18

Summary of compliance with the ORC RPW turbidity limit. Where values in more than 80% of
water samples collected in a five-year period (when flows are less than median at an associated flow
monitoring site) exceed 5 NTU, the cell is shaded pink. P1 to P7 indicate ‘rolling’ five-year periods where P1 is
2009-2013 and P7 is 2015 to 2019. Sites where data were not available are excluded.

Review of water quality and ecological data for the Manuherikia River catchment

35



3.5.2 NPS-FM NOF attribute assessment

The numeric attribute states for ammoniacal-N are based on thresholds defined using annual median
and maximum concentration statistics. We omitted these data from this evaluation because the
overwhelming majority of data were at or below the analytical limits of detection (which were lower
than the NPS-FM thresholds), and for several sites and years too few data exist for calculation of
meaningful statistics. The numbers of results per site is indicated in Table 3-9.

Table 3-9: Number of ammoniacal-N concentration results available for each site annually over 2008 to
2019.

Annual number of results for ammoniacal-N

Stte 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 Total
Chatto Cr u/s Manuherikia . 8 18 . . . . . 3 9 . . 38
Dunstan Cr at Beattie Rd . 9 18 4 6 9 12 12 12 12 12 2 108
Hills Cr at SH85 . . . . . . . . . . 5 2 7
Ida Burn at Auripo Rd . 9 17 . 3 3 . . . . . . 32
Ida Burn at Blackstone H . 8 18 . . . . . . . . . 26
Ida Burn at SH85 . 9 17 . 3 3 . . . . . . 32
Lauder Cr at Cattle Yard . . . . . . . . 3 7 . . 10
Lauder Cr at Rail trail . 8 18 . . . . . 3 9 . . 38
Manuherikia at Blackstone Hill . 9 18 . 3 3 6 12 12 12 12 2 89
Manuherikia at Falls Dam . 8 18 . . . . . . . . . 26
Manuherikia at Galloway 23 23 28 23 22 25 12 12 12 12 12 2 206
Manuherikia at Larkhill . . . 6 16 2 5 2 1 . . . 32
Manuherikia at Loop Rd . 8 18 . . . . . 3 12 5 . 46
Manuherikia at Omakau . 8 18 . . . . . 3 12 5 . 46
Manuherikia at Ophir 6 11 18 6 6 9 12 12 12 12 12 2 118
Manuherikia d/s Forks . . . . . . . . 3 9 5 2 19
Manuherikia u/s Chatto C . 8 18 . . . . . 3 12 5 . 46
Manuherikia u/s Ida Burn . 8 18 . . . . . . . . . 26
Pool Burn at Auripo Rd . 9 18 . 3 3 . . . . . . 33
Poolburn at Cob Cottage . . . . . . . . 3 9 5 2 19
Thomsons Cr at Race . . . . . . . . 3 15 16 2 36
Thomsons Cr at SH85 . 8 17 . . 7 12 12 12 14 21 4 107
Total 29 151 295 39 62 64 59 62 88 156 115 20 1140

NNN attribute states are based on thresholds defined using median and 95" percentile concentration
statistics. Assessment of Manuherikia River catchment site data against these thresholds are
summarised in Table 3-10, with the number of results for each site included as Table 3-11.
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Table 3-10: Classification of sites according to NPS-FM NNN statistical thresholds, based on 95t percentile
(Pt) and median concentrations recorded in each calendar year. Cells shaded blue = attribute state A and
green = attribute state B (see Table 2-4).
Conc. Annual NNN statistic concentration value (mg/L)
statistic 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Chatto Cr u/s 95t Pt
Manuherikia Median

Site

Dunstan Cr at 95t Pt

Beattie Rd Median
Hills Cr at 95t Pt
SH85 Median
Ida Burn at 95™ Pt
Auripo Rd Median
Ida Burn at 95™ Pt
Blackstone H Median
Ida Burn at 95t Pt
SH85 Median
Lauder Cr at 95t Pt
Cattle Yard Median
Lauder Cr at 95t Pt
Rail trail Median
Manubherikia 95t Pt
at Blackstone

Hill Median
Manuherikia 95t Pt
at Falls Dam Median
Manuherikia 95t Pt
at Galloway Median
Manuherikia 95t Pt
at Larkhill Median
Manuherikia 95t Pt
at Loop Rd Median
Manuherikia 95t Pt
at Omakau Median
Manuherikia 95™ Pt
at Ophir Median
Manuherikia 95™ Pt
d/s Forks Median
Manuherikia 95™ Pt
u/s Chatto Cr Median
Manuherikia 95* Pt
u/s Ida Burn Median
Pool Burn at 95t Pt
Auripo Rd Median
Poolburn at 95t Pt

Cob Cottage Median

Thomsons Cr 95t Pt

at Race Median
Thomsons Cr 95t Pt
at SH85 Median

~
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Table 3-11: Number of NNN concentration results available for each site annually, 2008 to 2019.

Annual number of results for NNN

sttes 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 Total
Chatto Cr u/s Manuherikia . 8 18 . . . . . 3 9 . . 38
Dunstan Cr at Beattie Rd . 9 18 4 6 9 12 12 12 12 12 2 108
Hills Cr at SH85 . . . . . . . . . . 5 2 7
Ida Burn at Auripo Rd . 9 17 . 3 3 . . . . . . 32
Ida Burn at Blackstone H . 8 18 . . . . . . . . . 26
Ida Burn at SH85 . 9 17 . 3 3 . . . . . . 32
Lauder Cr at Cattle Yard . . . . . . . . 3 7 . . 10
Lauder Cr at Rail trail . 8 18 . . . . . 3 9 . . 38
Manuherikia at Blackstone Hill . 9 18 . 3 3 6 12 12 12 12 2 89
Manuherikia at Falls Dam . 8 18 . . . . . . . . . 26
Manuherikia at Galloway 23 23 28 23 22 25 12 12 12 12 12 2 206
Manuherikia at Larkhill . . . 6 16 2 5 2 1 . . . 32
Manuherikia at Loop Rd . 8 18 . . . . . 3 12 5 . 46
Manuherikia at Omakau . 8 18 . . . . . 3 12 5 . 46
Manuherikia at Ophir 6 11 18 6 6 9 12 12 12 12 12 2 118
Manuherikia d/s Forks . . . . . . . . 3 9 5 2 19
Manuherikia u/s Chatto C . 8 18 . . . . . 3 12 5 . 46
Manuherikia u/s Ida Burn . 8 18 . . . . . . . . . 26
Pool Burn at Auripo Rd . 9 18 . 3 3 . . . . . . 33
Poolburn at Cob Cottage . . . . . . . . 3 9 5 2 19
Thomsons Cr at Race . . . . . . . . 3 15 16 2 36
Thomsons Cr at SH85 . 8 17 . . 7 12 12 12 14 21 4 107
Total 29 151 295 39 62 64 59 62 88 156 115 20 1140

Ammoniacal-N:
Data are available for 22 sites, but not continuously over the 12-year period of assessment. These
data indicate:

=  All but eight sites were categorised as NOF band A waters, indicating that there will be
no toxic effects on sensitive aquatic life.

=  The eight sites were classified in band B as a consequence of exceeding the annual
maximum threshold concentration of 0.05 mg/L.

=  The “Thomsons Cr at SH85"” site was the only site to be classified in B state multiple
times (three times).

=  The largest annual maximum concentration recorded at any site in the 11 years of
record was at the “Pool Burn at Auripo Rd” site in 2013 (0.35 mg/L, the most recent
record for this site).
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=  These classification results should be considered cautiously:
— inseveral cases fewer than ten results are available in an annual period

— many results are reported as less than the analytical limit of detection, and the
detection limit changed in July 2014 (discussed in Section 3.2 and Section 3.3).

NNN:
= All sites but one were graded in the NOF A band, indicating that there are unlikely to
be toxic effects on sensitive aquatic life.
=  The Manuherikia at Larkhill site was graded in band B, although limited data were
available for this site.
E. coli:

Robust assessment of E. coli data against the four NOF E. coli attribute states was only possible at a
handful of sites where sufficient data (60 measurements over five years) were available. Data for the
popular swimming sites on the Manuherikia River at Ophir and Galloway indicate the overall
attribute classification varied from grade D (‘orange) to C (‘yellow’), indicating that the predicted
average infection risk to swimmers varies from at least 3% to 7% (Table 3-12).

Table 3-12:  Overall grading of selected Manuherikia River catchment sites following assessment of E. coli
data against the four E. coli attribute states in the NPS-FM. Colour gradings are as defined in Table 2-5.
Underlined gradings indicate fewer than 60 (but more than 50) results were available for the five-year period.
The actual number of results in each period is given in Table F-1.

Period and grade

e 2009/13 2010/14 2011/15 2012/16 2013/17 2014/18 2015/19
Dunstan Cr at Beattie Rd Green Orange
Manuherikia at Blackstone Hill Green
Manuherikia at Galloway Yellow Yellow Yellow Yellow Yellow Yellow Orange
Manuherikia at Ophir Yellow Orange Orange Yellow Orange Orange
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Dunstan Cr at Beattie Rd

Manuherikia at Blackstone Hill

Period

Manuherikia at Galloway EEEEEEeececeeeeereercecy — B 2009/13

2010/14
Manuherikia at Ophir ““ — = B 2011/15
2012/16
-4 B 2013/17

Thomsons Cr at SH85
i [ 2014/18
L1 2015/19

Site

| | | |
3 4 5

2
Grade

Figure 3-5:  Overall grading of selected Manuherikia River catchment sites over successive five-year periods
based on an assessment against the four E. coli attribute states in the NPS-FM. Grade of 5=Blue, 4=Green,
3=Yellow, 2=0range, and 1=Red (described in Table 2-5).

3.6 Estimates of nutrient loads

Nutrient loads were calculated for NNN and DRP — these are summarised as annual values in
Appendix | (Table I-1 and Table I-2), with summary statistics in Table I-3 to Table I-11. The latter
provide estimates derived from grab samples as well, along with estimates of uncertainty. Here we
summarise loads and estimates graphically. The generally low ammoniacal-N concentrations (with
much of the data at most sites being at or near the analytical detection limit) limited our ability to
identify a reliable flow-concentration relationship, which underpins the load estimation technique.
Other load estimation techniques would also be limited by the relatively weak flow-concentration
relationship.

A time-series of NNN and DRP loads are provided in a series of plots in Figure 3-6, where model
predictions are provided together with instantaneous loads (the product of grab sample
concentrations and daily average flows on the day of sampling, expressed in a suitable unit such as

“kg/year”).

Points to note:
=  NNN and DRP loads are distinctly seasonal at all sites.
=  The load estimates should be used with care:

— Load estimation is limited by availability of concentration calibration data, and at
some sites, flow measurements.

— The models are relatively simple and do not capture the minima and maxima
perfectly.

— Despite these limitations, the results help identify river reaches where nutrient
inputs occur, and to a limited extent the tributary sources.
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= |t was not possible to predict DRP loads with reasonable certainty at the Poolburn at
Cobb Cottage site, and the DRP load estimates for the Chatto Creek u/s confluence are
also limited, mainly because of the extent of calibration data.

=  Atseveral sites, flow data were not available for at least part of the period 2011-2016.
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Figure 3-6: Time series of daily average DRP and NNN flux estimates for sites in the Manuherikia River
catchment. The blue dots represent the instantaneous flux derived from the grab sample concentration value
and the daily average flow estimated for the date of sample collection. The red line is daily average flux
estimate. Note y-axis scales vary, and have a logio scale. The line joining the two periods for which load
estimates exist is an artefact of the graphical software.
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Figure 3-6 (Continued)
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Figure 3-6 (Continued). The line joining the two periods for which load estimates exist is an artefact of the
graphical software.

The seasonal magnitude of NNN and DRP loads is summarised in Figure 3-7. At most sites, NNN loads
are largest in winter, followed by approximately equal magnitude loads in autumn and spring.
Smallest loads occur in summer, which likely equates with higher periphyton growth (discussed later
in Section 4.3). Seasonal variation appears less pronounced for DRP, with the exception of the
Chatto Creek site.

It would be informative to relate estimated nutrient loads at those sites where such estimates are
available to land use information. This may provide insights regarding the effect that land use
change over time has had on water quality and stream condition.
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Figure 3-7:  Seasonal DRP and NNN flux estimates for sites in the Manuherikia River catchment, based on
data collected over 2009 to 2019. Note y-axes have a logi scale.
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4 Ecological data

It is important to consider the hydrological conditions that existed during the assessment periods.
These were summarised in Section 3.1.

4.1 Habitat quality

Habitat assessment scores for each of six Manuherikia River sites surveyed (refer Table 2-6) in
December 2017 are summarised in Table 4-1. The results for ten survey components are presented in
tables and figures from the most upstream site (Downstream of Fork) to the most downstream site
(Galloway).

4.1.1 Vegetation and riparian margins

Bank vegetation assessment scores ranged between three and six. Generally mature shrub and
sparse tree cover was greater than cover of young exotic or long rank grass. Only at Ophir were
regenerating native or flaxes/sedges/tussock more prevalent than dense exotic vegetation. The
width of riparian vegetation was consistently high, ranging between scores of nine and ten. Riparian
width at Downstream of Fork, Loop Road, Blackstone Hill and Ophir was 230 m in each case, while at
Omakau and Galloway it was 15 m. Riparian shade was very low at all sites, ranging between scores
of one and three. At Omakau and Galloway there was no stream shading, while at Downstream of
Fork, Loop Road and Ophir 10% of the stream bed was shaded and at Blackstone Hill 15% was
shaded.

4.1.2 Invertebrate and fish: habitat diversity and cover diversity

Invertebrate habitat diversity through different substrate types (such as boulders, cobbles, gravel,
sand, wood, leaves, root mats, macrophytes and periphyton) ranged between seven and ten across
each of the sites. Blackstone Hill and Ophir scored the highest (10), followed by Omakau and
Downstream of Fork (9), Loop Road (8), and Galloway (7).

Invertebrate habitat abundance (percentage of substrate favourable for sensitive Ephemeroptera,
Plecoptera and Trichoptera (EPT) colonisation) ranged between seven and ten. Downstream of Fork,
Ophir, Omakau and Galloway each received the highest score (10), followed by Loop Road (8) and
Blackstone Hill (7).

Fish cover diversity provided through spatial complexity of different substrate types (such as woody
debris, root mats, undercut banks, overhanging/encroaching vegetation, macrophytes, boulders and
cobbles) ranged between three and seven. Loop Road received the highest score (7), followed by
Ophir (6), Blackstone Hill, Omakau and Galloway (5), and Downstream of Fork (3).

Fish cover abundance (the percentage of fish cover available) was moderate to high across the sites,
ranging between five and nine. Downstream of Fork and Loop Road had the highest scores (9),
followed by Blackstone Hill and Omakau (7), Ophir (6) and Galloway (5).
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4.1.3 Hydraulic heterogeneity and bank erosion

Hydraulic heterogeneity (number of hydraulic components such as pool, riffle, fast run, slow run,
rapid cascade, waterfalls) scores ranged from five to ten. Blackstone Hill (10), Omakau, Ophir and
Galloway (9) each received high scores, while Downstream of Fork and Loop Road (5) received
moderate scores. Bank erosion (percentage of the stream bank recently/actively eroding due to
scouring at the waterline, slumping of the bank or stock pugging) was low across all sites, with
Galloway (10), Downstream of Fork, Blackstone Hill and Omakau (9.5), Loop Road and Ophir (9) each
exhibiting <5% erosion.

Table 4-1:  Habitat condition scores (0-10) at six sites on the Manuherikia River surveyed on 20-21/12/17.
Higher scores reflect more favourable conditions.
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of Fork
Loop Road 10 8 8 7 9 5 9 5 10 2 73
Blackstone
Hill 9 10 7 5 7 10 9.5 5 10 3 75.5
Omakau 8 9 10 5 7 9 9.5 3 9 1 70.5
Ophir 9 10 10 6 6 9 9 6 10 2 77
Galloway 9 7 10 5 5 9 10 4 9 1 69

4.1.4 Substrate composition

The percentage of stream bed covered by deposited fine sediment was low at all sites, with
Downstream of Fork and Loop Road (10), Blackstone Hill, Ophir and Galloway (9), and Omakau (8)
each recording <10% cover.

4.2 Sediment

Results from instream visual estimates of the proportion of stream embedded with fine sediment are
summarised in Table 4-2. Stream embeddedness was generally low at all sites. Across all sampling
events the highest average embeddedness was observed at Blackstone Hill (~7%), while the lowest
was observed at Downstream of Fork (<1%). The highest percentage of embedded streambed of any
sampling event was also observed at Blackstone Hill during December 2016 sampling (10%). Overall,
little variability was observed between sampling events at any of the sites.
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Table 4-2:  Proportion (mean + Standard Error) of stream embeddedness at six Manuherikia River sites
surveyed on four separate occasions over 2016/17.

Extent of stream embeddedness at each site (%)

pate Dozvfn:::iam Loop Road BIacL(isItIone Omakau Ophir Galloway
17/12/2016 0.7+0.1 24+0.5 10006 6.1+11 16%01 56%0.2
21/02/2017 0.6 £+0.1 04+0.1 32+04 51+06 55+05 42104
31/03/2017 0.5+0.1 26+0.5 7.6 £0.7 6.5+0.7 6.7+08 4.1x0.6
26/04/2017 0.6+0.1 0.7+0.1 6.8 0.3 28+0.2 46+04 3.2x04
Average 0.6 +0.4 15+1.7 6.9+3.4 51+33 4.6%*29 4319

4.3 Periphyton

4.3.1 Cover and community composition

Periphyton communities in the Manuherikia River were surveyed at six sites on four occasions
between December 2016 and April 2017. River flows during these surveys are summarised
graphically in Figure 4-1 and listed in Table 4-3 along with the long term monthly median river flow.

Figure 4-1 indicates that all four surveys were carried out when flows were at (or mostly less) than
median. However, based on monthly median flows for 2008-2019, only one of the four surveys —
February 2017 — coincided with flows typical for the time of year (Table 4-3). The December 2016
surveys at all sites occurred while flows were in recession following several months of flow greater
than median. The February 2017 survey followed an event on 23 January 2017 (28 days previously),
when flows peaked at 38,000 L/s and 55,000 L/s at the Ophir and Campground sites, respectively.
Flows of this magnitude were greater than and approximately equal to the 95" percentile flows for
these sites, respectively. The March 2017 and April 2017 surveys also followed flood events, although
these events were much smaller.
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Figure 4-1: Time series of flows (discharge) since January 2016 for two flow reference sites in the
Manuherikia River catchment; Campground (top) and Ophir (bottom). The red dots indicate flows at the
times of each periphyton survey, and the broken horizontal lines are the defined median flow values for the
two reference sites (11,600 and 8,010 L/s, respectively). Note y-axes have a logio scale.

Table 4-3:  Comparison of flow at time of survey with long term monthly median flow values for the
period 2008 t02019. Flows at time of sampling exceeding long-term median values are in red.

Flow in Manuherikia R at Campground Flow in Manuherikia R at Ophir
(L/s) (L/s)

Sample date

At time of Monthly median At time of Monthly median

sampling (2008-2019) sampling (2008-2019)
16/12/2016 5,998 1,965 8,011 3,485
19/02/2017 1,399 1,485 2,322 2,534
29/03/2017 3,522 1,964 3,584 2,938
25/04/2017 5,802 4,486 5,137 3,814
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Flow data were also available for the upper Manuherikia catchment (Figure 4-2), but the effect of the
Falls Dam should be accounted for when considering the impact on periphyton and stream condition
in the lower catchment. Unfortunately flow data were not available for the Manuherikia at Falls Dam
site for the survey period.
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Figure 4-2: Time series of flows since January 2016 for the Manuherikia River at Forks site. The red dots
indicate flows at the times of biological surveys, and the broken horizontal line is the defined median
flow value for the Ophir reference sites (8,010 L/s). Note y-axis has a logio scale.

Total periphyton cover at each site is presented in Figure 4-3, and the composition of the periphyton
communities and Periphyton Index Scores (PIS) according to the methods of (Biggs and Kilroy 2002),
are presented in Table 4-4. In general, periphyton communities dominated by thin mat algae are
typical of clean streams with higher stream water flow and low concentrations of nutrients, while
thicker mats of algae and long filamentous algae are typical of increasingly enriched conditions, low
flows, increasing water temperatures and/or diffuse or point-source nutrient inputs. Scores of up to
1.9 are classified as ‘very poor’, those of 2—3.9 as ‘poor to moderate’, those of 4-5.9 as ‘moderate’,
those of 6-7.9 as ‘good’, and those of 810 as ‘very good’ (Biggs and Kilroy 2002).

At the most upstream site, Downstream of Fork, median periphyton cover was 42% and thin light
brown films dominated on each sampling occasion except April 2017 when thick green / light brown
mat became the dominant type. The change in community reflected a slight change in the
periphyton index ranking from ‘very good’ (9-9.9) to ‘good’ (6.6) in April 2017, based on categories in
Biggs and Kilroy (2002).

Loop Road had the highest median periphyton cover (83%) of the six sites although, the results were
also the most variable between sampling occasions. Thin light brown mats were dominant at this site
in December 2016, however, thick green / light brown mat algae then became highly abundant,
dominating the community during February, March and April 2017. The changes in the community
reflect a decline in water quality from ‘very good’ (9.1) in December 2016 to ‘moderate’ (4.5-5.1), to
‘poor to moderate’ (3.7) in the following months.
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At Blackstone Hill, median periphyton cover was equal lowest (42%), with the community dominated
by thin light brown films in December 2016, long green filaments in February 2017, short green
filaments in March 2017, and long brown / reddish filaments in April 2017. This reflected a change in

water quality from ‘very good’ (10) in December 2016 to ‘moderate’ (4.7), to ‘good’ (6—6.5) in the
following months.

Further downstream at Omakau, Ophir and Galloway the median periphyton cover ranged between
61-80% and was heavily dominated by thin light brown films on each sampling occasion, with other
periphyton types being rare or absent. As such the periphyton index scores reflected ‘very good’

water quality at each of Omakau (average 9.7), Ophir (average 9.9) and Galloway (average 9.8) on
each sampling occasion.

Benthic cyanobacteria (identified as thin, medium or thick, black/dark brown mats in Table 4-4),
were observed at Downstream of Fork, Ophir and Galloway in low abundance (<10% cover).
Cyanobacteria were absent from both the Omakau and Loop Road sites.

100

804

60

Periphyton Cover (%)

40+

D/S Fork Loop Road Blackstone Hill Omakau Ophir Galloway
Site

Figure 4-3: Summary of periphyton cover recorded at six sites on the Manuherikia River across four
surveys between December 2016 and April 2017.
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Table 4-4:

Composition of the periphyton communities and Periphyton Index Scores at six sites on the Manuherekia River sampled on four occasions between

December 2016-April 2017. The dominant periphyton type on each sampling occasion is in bold. G=Green, LBr = light brown, B/DBr = black/dark brown, Br/R =
brown/reddish. Periphyton scores range from 0 to 10, with higher scores indicative of higher water quality.

Thin mat/film Medium mat Thick mat Short filaments (1 Long filaments Periphyton
Site Date (<0.5 mm thick) (0.5-3 mm thick) (>3 mm thick) -2cm) (>2 cm long) Score
G LBr  B/DBr LBr B/DBr  G/LBr  B/DBr G Br/R G Br/R (0-10)
Downstream of 17/12/2016 - 25.5 - 0.8 - 0.5 - 0.5 - - - 9.9
Fork 20/02/2017 - 17.8 - 12.8 - - - 1 - 0.1 - 9
30/03/2017 - 37.3 - 3 9.7 0.5 - 14 - - - 9.5
26/04/2017 - 11.3 - 7.3 10 22.5 3.9 1.6 - 0.5 - 6.6
Loop Road 17/12/2016 9.8 39.5 - 1.5 - 0.5 - 1.2 - 0.1 - 9.1
20/02/2017 - 8 - 16.3 - 39 - 1 - 10.5 - 5.1
30/03/2017 - - - 18.5 - 69.8 - 0.1 - 2.6 - 4.5
26/04/2017 - - - 1.8 - 89 - - - 12.4 - 3.7
Blackstone Hill 17/12/2016 - 48 - - - - - - - - - 10
20/02/2017 - 9 - 1 - - - 7.3 - 18.1 - 4.7
30/03/2017 - 10.3 - 3.1 - 13 - 14.6 - 7.5 - 6.5
26/04/2017 - 6 - 3 0.8 1.5 0.8 1.2 3.7 3 26.8 6
Omakau 17/12/2016 - 56.8 - - - - - - - - - 9
20/02/2017 - 51 - - - - - - - - - 10
30/03/2017 - 65 - - - - - - - - - 10
26/04/2017 2.3 68.3 - - - - - - - - - 9.9
Ophir 17/12/2016 - 71.3 - 8.5 0.3 - - 0.7 - - - 9.6
20/02/2017 - 69 - - 0.3 - - - - - - 10
30/03/2017 - 78 - - - - - - - - - 10
26/04/2017 - 71 - - - - - 0.5 - - - 10
Galloway 17/12/2016 - 56 - 9 - - - 3.5 - - - 9.4
20/02/2017 - 82 - - - - - - - - - 10
30/03/2017 - 86 - - - - - 0.4 - 0.8 - 9.9
26/04/2017 - 75.8 15 - - - - 0.3 - - - 10
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4.3.2 Compliance with periphyton guidelines

The extent of long (>2 cm) filamentous periphyton cover at each of the six Manuherikia River sites
are compared with the Schedule 15 and provisional national periphyton cover guideline for
aesthetics/recreation and trout habitat and angling in Figure 4-4. Cover was very low at four of the
five sites (Downstream of Fork, Galloway, Loop Road, Omakau and Ophir) and did not come close to
exceeding the filamentous periphyton cover guideline of 30%. At Blackstone Hill long, filamentous
periphyton cover was notably higher than at the other sites, and in April 2017 it exceeded the
guideline (34%).
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Figure 4-4:  Extent of long filamentous periphyton cover at the six Manuherikia River sites surveyed on four
occasions between December 2016 and April 2017. The red line represents the ORC RPW Schedule 15
guideline and the national periphyton cover guideline for long, filamentous algae (30% cover) (Biggs 2000).

The extent of thick mat periphyton cover at each of the sites is compared with the national
periphyton cover guideline for aesthetics/recreation in Figure 4-5. Cover was very low at four of the
five sites (Blackstone Hill, Downstream of Fork, Galloway, Omakau and Ophir) and did not come close
to exceeding the mat cover guideline of 60%. At Loop Road, the cover of thick mat periphyton varied
widely, was generally higher than at the other sites, and in March and April 2017 exceeded the
guideline value (70% and 89%, respectively).
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Figure 4-5:  Extent of thick mat periphyton cover at the six study sites. The red line represents the national
periphyton cover guideline for thick mat periphyton (60% cover) (Biggs 2000).

4.4 Macroinvertebrates

The results of macroinvertebrate surveys undertaken on three occasions over the 2016/17 summer
at six Manuherikia River mainstem sites are summarised in Table 4-5 and the plots in Figure 4-6.

At the Downstream of Fork site, the number of taxa (median 25 taxa) was the second highest of the
six sites and comprised predominantly Ephemeroptera (mayflies), Plecoptera (stoneflies) and
Trichoptera (caddisflies) (EPT) taxa (median 16 taxa, 62% of all taxa). The Macroinvertebrate
Community Index (MCI) score was the highest of all the sites, and given the large proportion of EPT
taxa, was classed as ‘excellent’ during each sampling event (median score 120). The Semi-
Quantitative Macroinvertebrate Community Index (SQMCI) score was also the highest of all the sites
and was classed as ‘excellent’ on each sampling occasion (median score 6.7), with this classification
driven by the high abundance of EPT taxa. Larvae of the common mayfly Deleatidium sp. were the
most abundant macroinvertebrate taxa during December 2016 and April 2017 sampling, classed as
‘very, very abundant’, although Deleatidium sp., riffle beetles (Elmidae), and the caddisfly larvae
Olinga sp., were equally abundant during February 2017 sampling, being classed as ‘very abundant’.

At Loop Road, the number of taxa (median 27 taxa) was the highest of the study sites, although EPT

taxa did not make up a large proportion of the community (median 11 taxa, 40% of all taxa). The high
taxa richness was largely derived from Crustacea, Diptera and Mullusca. Consequently, the MCl score
was the equal lowest of the study sites, and was classed as ‘fair’ during each sampling event (median
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score 95). The SQMCI score was also the lowest of all the sites and was classed as ‘poor’ on each
sampling occasion (median score 3.5), with this classification driven by the high abundance of
relatively pollution-insensitive taxa. The mud snail, Potamopyrgus antipodarum, was the most
abundant species in December 2016, being ‘very abundant’. However, in February 2017 Elmidae, the
crustacean Cladocera, the Chironomid midge larvae Tanytarsini, Deleatidium sp., P. antipodarum,
worms (Oligochaeta), and the caddisfly larvae Oxyethira albiceps were the most common taxa, each
being ‘very abundant’. In April 2017 P. antipodarum and Oligochaeta were again the most abundant
taxa and were ‘very, very abundant’. Chironomid midge larvae, Potamopyrgus antipodarum and
Oligochaeta are often associated with disturbed stream reaches, particularly where there is high
periphyton biomass. They can become very abundant when periphyton is prolific, such as in enriched
waterways or stream reaches that have experienced a prolonged period of stable flows. As a result,
most of these taxa give rise to low MCI tolerance scores.

At Blackstone Hill, the number of taxa (median 18 taxa) was the equal lowest of the six sites, with
half of the community richness comprising EPT taxa (median 9 taxa, 50% of all taxa). The MCl scores
ranged between ‘fair’ (94) and ‘good’ (102) with the median score placing the site at the high end of
the ‘fair’ category (97). The SQMCI score ranged between ‘fair’ (4.2) and ‘excellent’ (7.2) with the
median score (6.5) being within the ‘excellent’ category. The higher scores were in part due to
Deleatidium sp. that were ‘very, very abundant’ (it was the most abundant taxon during February
and April 2017 sampling). The lower scores in December 2016 reflected a mixed community where
Elmidae, the Chironomid midge larvae Orthocladiinae, the blackfly larvae Austrosimulium sp.,
Deleatidium sp., Oligochaeta and the caddisfly larvae Pycnocentrodes sp. were the most common
species, present in ‘abundant’ numbers.

A median of 22 taxa were found at Omakau, with half of those being EPT taxa (median 10 taxa, 50%
of all taxa). The MCl scores fell in the ‘good’ category on each sampling occasion (median score 107)
as did the SQMClI scores (median score 5.5). Pycnocentrodes sp. was the most common taxa in
December 2016, being ‘very, very abundant’. In February 2017, Deleatidium sp. and Pycnocentrodes
sp. were equally common and classed as ‘very, very abundant’ while in April 2017 Deleatidium sp.
and P. antipodarum were the most common taxa (‘very, very abundant’).

At Ophir, the number of taxa (median 18 taxa) was the equal lowest of the study sites and EPT taxa
represented less than half of that richness (median 18 taxa, 44% of all taxa). The MCl scores ranged
between ‘fair’ (96) and ‘good’ (109) with the median score placing the site at the high end of the ‘fair’
category (99). In contrast, SQMCI scores ranged between ‘good’ (5.2) and ‘excellent’ (7), with the
median score being firmly within the ‘excellent’ category (6.8). The lower December score was in
part influenced by ‘very, very abundant’ numbers of Pycnocentrodes sp., , and because the sensitive
Deleatidium sp. was the most common taxon recorded during February and April 2017 (classed as
‘very, very abundant’).

At Galloway, a median of 21 taxa were found, with less than half of those being EPT taxa (median 9
taxa, 43% of all taxa). The MCl score fell within the “fair’ category during each sampling event
(median score 95). In contrast, SQMCI scores ranged between ‘fair’ (4.9) and ‘excellent’ (7), with the
median score falling within the ‘excellent’ category (6.6). Large numbers of Deleatidium sp. were
largely responsible for the high scores. In December 2016, Deleatidium sp., P. antipodarum and
Pycnocentrodes sp. were the most common taxa, although they were only classed as ‘abundant’.
However, in February and April 2017, Deleatidium sp. was the most common taxon, classed as ‘very,
very abundant’.
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Table 4-5:
2016 and April 2017.

are coded as: mm/yy.

Macroinvertebrate community composition at six sites on the Manuherikia River catchment based on the results of three surveys between December

Relative abundance scores are coded as: Rare = R, Common = C, Abundant = A, Very Abundant =VA, Very Abundant = VVA. Sampling event dates

MCI

Relative abundance score by site and sampling event

Taxon/species score D/s of Fork Loop Road Blackstone Hill Omakau Ophir Galloway
12/16 2/17 4/17 12/16 2/17 4/17 12/16 2/17 4/17 12/16 2/17 4/17 12/16 2/17 4/17 12/16 2/17 4/17
ACARINA 5 R C R R
CNIDARIA R
Hydra sp. 3 R C
COLEOPTERA
Berosus sp. 5 R
Dytiscidae 5 R
Elmidae 6 A VA VA A VA VA A A A C R C C C A R C A
CRUSTACEA
Cladocera 5 R VA C C
Ostrocoda 3 R R
Paracalliope fluviatilis 5 R R C C R R C R C R
Paraleptamphopus sp. 5 R
DIPTERA
Aphrophila sp. 5 C R C
Austrosimulium sp. 3 VA C R A A R C A VA C A C C C R A
Ceratopogonidae 3 C C C R
Empididae 3 R R R R C A
Eriopterini 9 R R C R R R R R R
Maoridiamesa sp. 3 R R R R C R
Muscidae 3 R C R
Orthocladiinae 2 A R A A A VA A A C C C C C C R C R R
Polypedilum sp. 3 R
Tanypodinae 5 R C R R R
Tanytarsini 3 R R A VA VA R C R A C C R R R
EPHEMEROPTERA
Atalophlebioides
. 9 R
cromwelli
Austroclima sp. 9 R C A R C C C A R
Coloburiscus humeralis 9 C R R
Deleatidium sp. 8 VVA VA VVA A VA VA A VVA VVA VA VVA VVA VA VVA VVA A VVA VVA
Nesameletus sp. 9 R R R R
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Table 4-5 (continued): Macroinvertebrate community composition at six sites on the Manuherikia River catchment based on the results of three surveys between
December 2016 and April 2017.

Relative abundance score by site and sampling event

Taxon/species Mmci D/s of Fork Loop Road Blackstone Hill Omakau Ophir Galloway

score
12/16 2/17 4/17 12/16 2/17 4/17 12/16 2/17 4/17 12/16 2/17 4/17 12/16 2/17 4/17 12/16 2/17 4/17

HIRUDINEA 3 R
MEGALOPTERA

Archichauliodes diversus 7 C C C R R R R R C R R R R R
MOLLUSCA

Gyraulus sp. 3 R R
Physa / Physella sp. 3 R R R R R C
Potamopyrgus 4 VA VA WA R R C A WA A A VA A A VA
antipodarum

Sphaeriidae 3 R R

NEMATODA 3 C A R R

NEMERTEA 3 R R R R A C R C C
OLIGOCHAETA 1 C C VA A VA VVA A VA A A A VA A A A C A A
PLATYHELMINTHES 3 C C C R C
PLECOPTERA

Stenoperla sp. 10 C C C

Zelandobius sp. 5 R A R VA C A R R R R
Zelandoperla sp. 10 C R

TRICHOPTERA

Aoteapsyche sp. 4 A A A R C A R A A C A A C A A C A A
Beraeoptera roria 8 R R C R R

Confluens sp. 5 R R

Costachorema sp. 7 R R R R R R R R R C R
Hudsonema amabile 6 R C R C R R C R
Hydrobiosis sp. 5 R R A C A A C C A C C C C C C R C C
Neurochorema sp. 6 R R A R R

Olinga sp. 9 VA VA VA R R R A R C R R R
Oxyethira albiceps 2 R R A VA A R R R R

Philorheithrus agilis 8 R

P/ectrocnerr.ua 3 R R R R

maclachlani

Psilochorema sp. 8 R R A C C A R R C C C C C C
Pycnocentria sp. 7 C R C C A A VA VA A A VA C
Pycnocentrodes sp. 5 A R A R C A A C A VVA VVA VA VVA VA VA A VA VA
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Table 4-5 (continued): Macroinvertebrate community composition at six sites on the Manuherikia River catchment based on the results of three surveys between
December 2016 and April 2017.

Relative abundance score by site and sampling event

Taxon/species MCI score D/s of Fork Loop Road Blackstone Hill Omakau Ophir Galloway
12/16 2/17 4/17 12/16 2/17 4/17 12/16 2/17 4/17 12/16 2/17 4/17 12/16 2/17 4/17 12/16 2/17 4/17
Number of taxa 22 25 29 22 27 30 18 18 25 23 19 22 18 18 22 10 21 23
Number of EPT taxa 13 16 18 8 11 12 8 9 13 9 10 11 8 7 11 5 9 9
% EPT taxa 59 64 62 36 41 40 44 50 52 39 53 50 44 39 50 50 43 39
MCl score 122 119 120 89 96 95 97 94 102 100 107 108 96 99 109 92 97 95
SQMCI score 6.2 7.3 6.7 3.9 3.1 3.5 4.2 6.5 7.2 5.2 6.1 5.5 5.2 7.0 6.8 4.9 7.0 6.6
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Figure 4-6: Comparison of (A) number of taxa, (B) number of EPT taxa, (C) percentage of EPT taxa, (D) MCI
scores, (E) SQMCI scores between six sites on the Manuherikia River, based on three surveys between
December 2016 and April 2017. Horizontal lines in plots ‘D’ and ‘E’ indicate boundaries for quality classes.
Anything below the orange line is 'poor’, between the orange and yellow lines is 'fair', between the yellow and
green lines is 'good' and above the green line is 'excellent' (Stark and Maxted 2007).

4.5 Fish

4.5.1 New Zealand Freshwater Fish Database (NZFFD) records

Fish recorded in the Manuherikia catchment, and those that are known to occur in Dunstan and
Thomson creeks are presented in Table 4-6 along with their respective conservation status. Nine
native fish species occur in the Manuherikia catchment, including diadromous (1 species) and non-
diadromous (3 species) galaxiids, bullies (2 species), lamprey (1 species) and eels (2 species). Six of
these species are conservation listed. Koaro (Galaxias brevipinnis) and longfin eel (Anguilla
dieffenbachia) are listed as ‘declining’, lamprey (Geotria australis) are listed as ‘nationally
vulnerable’, and the three non-diadromous galaxiids are either ‘nationally endangered’ (round head
galaxias (Galaxias anomalus) and alpine galaxias “Manuherikia” (Galaxias aff. paucispondylus)) or
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‘nationally critical’ (Clutha flathead galaxias (Galaxias sp. D)) (Dunn et al. 2018). Three species of
introduced sport fish are also present, including brown trout (Salmo trutta), rainbow trout
(Oncorhynchus mykiss) and brook char (Salvelinus fontinalis). Of the conservation listed species, a
population of roundhead galaxias occurs in Dunstan Creek, while longfin eel occur in both Thomson
and Dunstan creeks.

Table 4-6:  Fishes that have been recorded in the Manuherikia catchment (NZFFD) and their conservation
status. Conservation status according to Dunn et al. (2018). Fishes marked with an asterisk are typically
diadromous. Fishes recorded in the Dunstan and Thomson creek tributaries are also noted. Note that the
alpine galaxias “Manuherikia” is a genetically determined candidate species that is currently classified as
taxonomically indeterminate (it is not yet a described species). It has previously been identified as an alpine
galaxias.

Occurrence
. Conservation
Species value Dunstan  Thomson
Creek Creek
Native koaro* (Galaxias brevipinnis) Declining
roundhead galaxias Nationally endangered Yes
(Galaxias anomalus)
alpine galaxias “Manuherikia” Nationally endangered
(Galaxias aff. paucispondylus)
Clutha flathead galaxias Nationally critical
(Galaxias sp. D)
lamprey* (Geotria australis) Nationally vulnerable
common bully* Not threatened
(Gobiomorphus cotidianus)
upland bully (Gobiomorphus breviceps) Not threatened Yes Yes
shortfin eel* (Anguilla australis) Not threatened Yes Yes
longfin eel* (Anguilla dieffenbachii) Declining Yes Yes
Introduced brook char (Salvelinus fontinalis) Yes
brown trout (Salmo trutta) Yes Yes
rainbow trout (Oncorhynchus mykiss) Yes Yes

4.5.2 Fish surveys

The results of annual electric fishing surveys carried out in Dunstan Creek and Thomson Creek
between 2015 and 2018 inclusive are summarised in Table 4-7 and Table 4-8, respectively, in terms
of fish catch per unit effort (presented as the number of fish per 100 m2). Catch number and size
ranges for the two survey sites are summarised in Table 4-9.

In Dunstan Creek, upland bully was by far the most abundant species in each survey (3.98-23.32
fish/100 m?). Individuals ranged in length from 11-90 mm, indicating the presence of both juveniles
and adults. Rainbow trout (0.80-3.04 fish/100 m?) and brown trout (0.35—2.68 fish/100 m?) were
also present in each year and were the next most abundant, although they were only present in
modest numbers. Numbers of brown trout (mean length 72-97.5 mm) and rainbow trout (mean
length 72-97.5 mm) were dominated by juvenile fish, and no trout greater than 200 mm in length
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was caught. Roundhead galaxiids were caught in low abundance (0.08-0.09 fish/100 m?2) in 2016 and
2017, and were likely the unidentified galaxiids observed, but not caught in 2015 (0.63 fish/100 m?).
Furthermore, two longfin eel were caught in 2015 (0.18 fish/100m?) and a single shortfin eel was
caught in 2017 (0.09 fish/100 m?).

In Thomson Creek, brown trout were the most abundant species in three of the four survey years
(2.59-10.38 fish/100 m?). Upland bullies were most abundant during the 2018 survey (17.69 fish/100
m?) and were the second most abundant in all other surveys (1.89-4.38 fish/100 m?2). Longfin eel
were present in three of the four surveys in very low abundance (0.22—0.46 fish/100 m?). A single
juvenile rainbow trout was caught during the 2017 survey (0.24 fish/100 m?).
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Table 4-7:  Fish densities observed in Dunstan Creek during annual electric fish surveys between 2015 and 2018 inclusive.

Species 2015 2016 2017 2018
Roundhead galaxiid - 0.08 0.09 -
Unidentified galaxiid 0.63 - - -
Upland bully 23.32 3.98 12.95 14.17
Longfin eel 0.18 - - -
Shortfin eel - - 0.09 -
Brown trout 2.68 0.88 0.35 0.81
Rainbow trout 3.04 0.80 1.29 0.97
TOTAL 29.85 5.73 14.67 15.94

Table 4-8:  Fish densities observed in Thomson Creek during annual electric fish surveys between 2015 and 2018 inclusive.

Species 2015 2016 2017 2018
Longfin eel 0.46 0.23 — 0.22
Unidentified eel - - - 0.22
Upland bully 3.65 4.38 1.89 17.69
Brown trout 7.76 10.38 5.91 2.59
Rainbow trout - - 0.24 -
TOTAL 11.87 15.00 8.04 20.71

Review of water quality and ecological data for the Manuherikia River catchment

61



Table 4-9:

Catch number (N) and size ranges (mm) for fish captured in Dunston Creek and Thomson Creek during annual electric-fishing surveys between 2015
and 2018 inclusive. Min = minimum, max = maximum and med = median length.

Species, catch number (N) and size range (mm)

Site  Year Upland bully Longfin eel Shortfin eel Roundhead galaxiid Brown trout Rainbow trout
N min max med N min max med N min max med N min max med N min max med N min max med
x 2018 130 27 85 63 - - - - - - - - 1 53 53 53 10 52 110 975 11 55 86 70.5
% 2017 111 38 90 57 - - - - 1 500 500 500 1 74 74 74 4 78 80 80 15 60 80 68
‘; 2016 50 41 83 605 - - - - - - - - 1 73 73 73 11 41 200 75 10 34 61 44.5
a 2015 125 11 83 71 2 1020 1125 1073 - - - - - - - - 27 78 112 88 34 37 88 71
é 2018 81 28 73 32 1 700 700 700 - - - - - - - - 12 61 90 72 - - - -
‘2 2017 8 44 64 53 - - - - - - - - - - - - 25 37 250 87 1 70 70 70
g 2016 19 23 84 54 1 400 400 400 - - - - - - - - 45 55 250 79 - - - -
I'g 2015 16 46 81 595 2 700 1100 900 - - - - - - - - 34 57 121 100 - - - -
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5 Discussion

5.1 Nutrient and other physico chemical variables

Ammoniacal-N concentrations are generally very low (often below analytical detection), which is a
favourable water quality state. Temporal trend analysis was not undertaken owing to the large
number of non-detect values and, in particular, a change in the way detection limit was managed in
July 2014. DRP concentrations increase in downstream direction along the Manuherikia mainstem.
Concentrations are generally elevated in the Chatto Creek and Poolburn, with these tributaries
contributing approximately 10% of the DRP load to the lower Manuherikia River (with the proportion
of load seasonally variable).

Tributaries of the Manuherikia River generally contribute less than 10% of the NNN load present in
the mainstem of the Manuherikia River. Of the tributaries, Dunstan Creek is the largest contributor,
followed by Thomsons Creek. Surveys over 2016/17 indicate that periphyton cover is greatest in the
upper third of the catchment, presumably as a consequence of good water clarity, longer accrual
periods as a consequence of regulation of flow by the Falls Dam, adequate nutrient availability and
suitable substrate.

5.2 Human health risk

Analysis of E. coli concentrations indicates that all sites comply with the ORC’s Regional Plan Water
(RPW) limit; fewer than 80% of water sample results collected during flows lower than median
exceeded 260 cfu/100 mL. The greatest proportion of results exceeding 260 cfu/100 mL during flows
less than median occurred in the Thomsons Creek and Chatto Creek subcatchments.

Application of the NPS-FM 2014 E. coli attribute states indicates that undertaking contact recreation
along the mainstem of the Manuherikia River, as well as in the Thomsons Creek and Dunstan Creek,
is likely to present a measurable risk of infection to recreational water users.

= Inthe 2014-2018 five-year period (the most recent period during which more than 60
data exist for most sites), one site was graded ‘blue’, one ‘green’, one ‘yellow’, one
‘orange’ and one ‘red’.

= Inthe following five-year period, it appears that three of five sites are likely to be
graded ‘orange, one ‘green’ and one ‘red’ (provisional grading only because fewer than
60 data are available for all sites.).

Review of the individual components that drive overall site grades indicates that exceedance of the
proportion of values exceeding 540 cfu/100 mL and 95" percentile concentration-base attribute
states are the most likely reason for poor grading. ‘Orange’ and ‘red’ grading indicates a >3% and
greater than 7% risk of infection, respectively.

5.3 Habitat quality

The quantity and quality of habitat are important factors that can affect many instream values,
among which the composition of the streambed is particularly important because it provides the
substrate for periphyton attachment and the habitat for macroinvertebrates and fish.

Riparian vegetation at most sites surveyed on the main stem of Manuherikia River over 2016/17 was
characterised by mature shrubs and sparse tree cover with some young exotic vegetation, although
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regenerating native plant cover and established exotic vegetation was present at Ophir. The riparian
strip was intact at each site, ranging from 15 m in width to greater than 30 m. However, riparian
shading was quite low. This is likely due in part to the sparse cover of tall trees and also because the
river is typically quite wide.

The substrate at each site was varied, with different substrate types providing a high abundance of
ideal habitat for invertebrates (i.e., a mixture of boulders, cobbles, gravels). Of the two sites that
received less than the maximum score for invertebrate habitat abundance, one site — Loop Road —
was dominated by thick mat algae (in excess of the 60% cover guideline on three occasions). The
other site — Blackstone Hill — supported moderate growth of long filamentous algae on two
occasions, although cover never exceeded the national guideline. There is indication of increasing
NNN concentration downstream of the Manuherikia at Forks site, particularly at Blackstone Hill (over
the 2014-2018 period). In contrast, NNN concentrations at the two upstream sites showed
deceasing trend over this period. Median summer nutrient concentrations are lower than the annual
median concentrations in the upper catchment sites (Figure J-1 and Figure J-2).

The diversity of fish cover (i.e., woody debris, root mats, undercut banks, overhanging/encroaching
vegetation, macrophytes) was moderate to low at most sites, with Loop Road receiving the highest
score.

There was little fine sediment deposition at any site, with the mean cover not exceeding 10%
(Blackstone Hill). Further, as the annual median values in Appendix J indicate, turbidity is lowest in
the headwaters of the Manuherikia mainstem, and increases in a downstream direction, particularly
downstream of Omakau. Sediment cover is likely to follow a similar trend. Burdon et al. (2013)
identified a sediment threshold response at 20% sediment cover (estimated by instream visual
assessment) in a regression with % EPT relative abundance. While little research has been done into
the relationship between New Zealand fish communities and percent fine sediment cover, a limit of
20% has been proposed for the maintenance of trout spawning habitats based on international
literature. Thus, sediment deposition likely has little influence on invertebrate or fish community
health at the main stem sites.

5.4 Periphyton

The periphyton community forms the slimy coating on the surface of stones and other substrates in
freshwaters. This community can include green (Chlorophyta), yellow-green (Xanthophyta), golden
brown (Chrysophyta) and red (Rhodophyta) algae, blue-greens (Cyanobacteria), diatoms
(Bacillariophyta), bacteria and fungi. Periphyton is an integral part of stream food webs; it captures
energy from the sun and converts it, via photosynthesis, to energy sources available to
macroinvertebrates, which feed on it. These, in turn, are fed on by other invertebrates and fish.
Periphyton can also form nuisance blooms that can detrimentally affect other instream values, such
as aesthetics, biodiversity, recreation (swimming and angling), water takes (irrigation, stock/drinking
water and industrial) and water quality. The most extreme case of periphyton affecting instream
values is toxin-producing benthic cyanobacteria. Some cyanobacteria may produce toxins that pose a
health risk to humans and animals.

Periphyton monitoring at the six main stem Manuherikia River sites on four occasions over 2016/17
indicated that assorted diatoms and cyanobacteria dominated the periphyton community at most
sites, indicative of relatively unenriched (i.e., oligotrophic) habitats (Biggs 2000). However,
Blackstone Hill went from being dominated by diatoms and cyanobacteria at the start of summer
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(December 2016) to being dominated by filamentous periphyton typical of moderately enriched (i.e.,
mesotrophic) to enriched (i.e., eutrophic) habitats. Similarly, Loop Road was dominated by diatoms
and cyanobacteria at the start of summer before becoming dominated by thick mat algae, typical of
moderately enriched habitats, in subsequent months. This may reflect a build-up of periphyton that
utilise the nutrients as flows recede over the dry summer period. Although the data are sparse,
median monthly nutrient concentrations in the upper Manuherikia River decrease over the summer,
most probably reflecting uptake by periphyton. This is most noticeable for DRP. NNN concentrations
are particularly low at the Loop Road site, providing further evidence of algal uptake.

The combined total cover of long filamentous and thick mat species at Blackstone Hill and Loop Road
was variable. The guideline for cover of long filamentous algae (30%) was only exceeded once in late
summer (April 2017) at Blackstone Hill, while the guideline for cover of thick mat algae (60%) was
exceeded twice towards the end of summer (March and April 2017) at Loop Road. Overall, the results
indicate that although nutrient concentrations are generally quite low in the upper Manuherikia
River, they are adequate to support periphyton growth if other conditions are favourable. Nutrient
concentrations increase downstream of the Blackstone Hill site but periphyton growths are probably
inhibited by factors such as substrate and possibly light penetration (e.g., Figure J-7 indicates an
increase in turbidity over the period of periphyton sampling).

5.5 Macroinvertebrates

Macroinvertebrates are a diverse group of animals and include insects, crustaceans, worms, molluscs
and mites. They are an important part of stream-food webs, linking primary producers (periphyton
and terrestrial leaf litter) to higher trophic levels (fish and birds). Because of the length of the aquatic
part of their life-cycles, which generally range from a few months up to two years,
macroinvertebrates provide a good indication of the medium- to long-term water quality of a
waterway. For this reason, they are used as a biomonitoring tool around the world. In New Zealand,
the MCI (Stark 1985) and its derivatives, such as the SQMCI (Stark 1998), are commonly used as a
measure of organic enrichment and sedimentation in gravel-bed streams.

The MCIl and SQMCI scores generated from the four macroinvertebrate community surveys
conducted at the six main-stem Manuherikia River sites indicated that stream health was ‘excellent’
at Downstream of Fork, above Falls Dam sites. However, immediately downstream of the dam at
Loop Road, stream health was classed as ‘fair’ (MCl) to ‘poor’ (SQMCI) given the communities were
dominated in terms of richness and abundance by taxa tolerant of poor water quality. Most
prominent amongst these were the mud snail Potamopyrgus antipodarum, the crustacean Cladocera,
the Chironomid midge larvae Tanytarsini, worms (Oligochaeta), and the purse-cased caddisfly larvae
Oxyethira albiceps. These findings support those of the periphyton surveys that showed high
riverbed coverage of filamentous algae at the site, indicative of enriched conditions that would be
unsuitable for taxa sensitive to organic pollution. These findings are also consistent with the
decrease in nutrient concentration at the Loop Road site in response to periphyton growth.

Further downstream the two macroinvertebrate community indices indicated that water quality was
‘good’ at Omakau, but gave notably different assessments of water quality at the Blackstone Hill,
Ophir and Galloway. The communities at these sites were dominated, in terms of abundance, by EPT
taxa such as mayfly larvae Deleatidium sp. and stony-cased caddisfly larvae Pycnocentrodes sp. and
as a result SQMCI scores indicated that water quality — and stream health — was generally ‘excellent’.
However, the number of pollution sensitive taxa mostly made up a low proportion of the overall
communities. For example, the median % EPT taxa at these sites was less than 50% (Figure 4-6).
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Consequently, MCl scores indicated that water quality was ‘fair’, although the scores were in the
upper end of this category. Overall, the notably lower diversity of taxa sensitive to poor water
quality at these sites compared to that observed above Falls Dam (at Downstream of Fork) suggests
that water quality may be having a low to moderate impact on macroinvertebrate communities at
the downstream sites. As Figure J-7 indicates, turbidity appears locally elevated in the reach
including the Blackstone Hill site, which may reflect sediment input, the effect of sloughed-off
periphyton from the upstream site, or other factors, such as increased water temperature.

5.6 Fish

Six fish species were recorded at the Dunstan Creek survey site over the course of four annual
sampling events between 2015 and 2018 inclusive: the introduced brown and rainbow trout and the
native upland bully, roundhead galaxias, longfin eel and shortfin eel. The high density of upland bully
caught, both juveniles and adults, suggests that the site offers highly productive habitat for this
species. Only juvenile brown and rainbow trout were observed and were in similarly low abundance.
Adult trout are not effectively captured by backpack electrofishing due to their size and speed, so
they still may have been present at the site. From the survey data, Dunstan Creek appears to
represent a trout fishery, so adult trout are certainly present in the catchment. Adult roundhead
galaxiids were present in very low abundance, although likely juveniles of the species were observed
in larger numbers in backwaters by field personnel. Juvenile roundhead galaxiids are too small to be
effectively fished by backpack electrofishing and numbers would likely be underestimated using that
survey method alone. The presence of both adults and juveniles suggests that the population is self-
sustaining, rather than juveniles having been washed down from upstream reaches. Longfin and
short fin eels were detected, but they appear to be rare at the site.

Four fix species were captured at the Thomson Creek survey site over the four surveys: brown and
rainbow trout as well as upland bully and longfin eel. Brown trout were the most abundant species
and were present in moderate densities. Again, although adult trout were not observed, they are not
easily detected using backpack electrofishing and are likely present, at least on occasion. Adult and
juvenile upland bullies were also present in moderate densities indicating they are a resident
population. Longfin eel were present in most years, but in very low abundance. No species of
conservation significance were observed during the four surveys and New Zealand Freshwater Fish
Database (NZFFD) records indicate that none have been recorded in the past.

Non-migratory galaxiids are highly vulnerable to trout predation as their larvae form pelagic schools
in still backwaters where they are easily detected and consumed. As such, stream reaches where
brown trout and non-migratory galaxiids co-exist are uncommon (Townsend and Crowl| 1991;
Leprieur et al. 2006; Woodford and Mcintosh 2010). In the Manuherikia catchment, the roundhead
galaxiid is thought to have been displaced from the main-stem by trout and now persists in residual
pockets in several tributaries within the catchment. There are only 35 known sub-populations. In a
study of the Manuherikia catchment, Leprieur et al. (2006) found that increased water abstraction
was a major factor excluding brown trout from stream reaches as the lower flows (or cessation of
flow) created unfavourable conditions (i.e., high water temperatures, low dissolved oxygen) for the
cool-water adapted species. Consequently, roundhead galaxiids were found to persist where trout
numbers were reduced or absent. The low numbers of trout and the presence of adult and juvenile
roundhead galaxiids at the Dunstan Creek survey site suggest it provides a critical refuge for the
roundhead galaxiid.
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Four further fish species of conservation concern occur in the Manuherikia catchment, and although
most were not detected in surveys undertaken between 2015-2018, NZFFD records provide evidence
of their distributions. The Clutha flathead galaxias and alpine galaxias (Manuherikia) have
fragmented distribution in the catchment, as does the roundhead galaxiid, which is likely driven by
trout predation. These species are confined to several isolated tributaries in the upper Manor Burn—
Poolburn area. The alpine galaxias “Manuherikia” on the other hand is largely confined to the
Manuherikia River mainstream above Falls Dam. While previously identified as the alpine galaxias,
genetic analysis of the Manuherikia River population suggests that it may represent a separate, new
species. However, until morphological analysis of the candidate species is complete, its classification
remains as ‘taxonomically indeterminate’ (Dunn et al. 2018).

Lamprey appear to be uncommon in the Manuherikia catchment and have only been detected in the
lower mainstem river reaches near the confluence with the Clutha River/Mata-au. Lamprey are
generally found close to the coast at low altitudes and the Manuherikia River appears to be close to
the upstream extent of their distribution. On the other hand, the longfin eel is found throughout the
catchment.

5.7 Synthesis

In general, based on the data made available to prepare this report, water quality and ecosystem
health in the Manuherikia River mainstem are fair to good, evidenced by MCl values ranging from 90
to 120. The SQMCI scores were greater than 4 (fair), with most macroinvertebrate samples collected
in 2016/17 (10 of 18) indicating good to excellent condition. The exception appears to be the Loop
Road site, where lower MCl and SQMCI scores in 2016/17 were consistent with greater periphyton
growth. The Falls Dam regulates flows in the upper Manuherikia River, and to some extent reduces
the discharge of sediment to the lower catchment — this is evident from the relatively low turbidity
values at the Loop Road site.

Both trout and various native fish species inhabit that Manuherikia River catchment, where Dunstan
Creek may provide a critical refuge for the roundhead galaxiid.

Lastly, we note that flows in the Manuherikia River during the 2016/17 ecological survey period were
generally above what might be considered ‘low flow’ conditions, reflecting the high flows that
extended into summer 2016/17, as well as several rainfall events. These ‘atypical’ flow conditions
mean caution is required when evaluating the periphyton data (which may be more extensive in a
period of lower flows), which in turn will also impact macroinvertebrate communities.
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Explanation of box and whisker plots

Open circles indicate values beyond outer fence

Whiskers indicate range of observed values within inner fence

Median (mid-point of data) — horizontal line within box

Interquartile range — mid 50% of data

Asterisks indicate values between inner fence and outer fence

Appendix A
Box and whisker plot derived from Systat v 13.2
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The median of the data is plotted, while the lower and upper hinges correspond to the 25th and 75th
percentiles. The upper whisker extends from the hinge to the largest value no further than 1.5 *
inter-quartile range (distance between the first and third quartiles). The lower whisker extends from
the hinge to the smallest value at most 1.5 * inter-quartile range of the hinge. Data beyond the end

of the whiskers (outliers) are plotted individually.
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Appendix B Summary of available flow data
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Campground Ophir Falls Dam Forks
N of Cases 3787 4095 2337 1640
Minimum 406 1131 666 573
Maximum 465457 285884 92227 37711
Median 11783 10084 4220 2494
Arithmetic Mean 16325 13976 5722 3085
Standard Deviation 26240 19250 6189 2724
Cleveland percentile
1% 621 1440 1063 717
5% 892 1927 1725 856
10% 1130 2275 2222 1058
20% 1881 2951 2647 1369
25% 2645 3380 2824 1552
30% 3913 4176 3087 1710
40% 7853 7092 3682 2064
50% 11783 10084 4220 2494
60% 14653 12034 4532 2893
70% 17719 15117 5536 3408
75% 19863 17238 6524 3697
80% 22259 19519 7366 4094
90% 32390 27631 9944 5514
95% 45106 38198 13581 7240
99% 126129 96265 33280 12854
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Chatto Creek at Manuheri Dunstan Creek at Beattie
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Discharge (L/s)

Statistic
Dunstan Creek at Beattie Ida Burn at Auripo Road Poolburn at Cob Cottage
N of Cases 3784 2101 1971
Minimum 38 2 1
Maximum 73015 58576 43893
Median 2512 438 586
Arithmetic Mean 3271 1273 1488
Standard Deviation 3733 3394 3027
Method = CLEVELAND
1% 185 4 1
5% 313 7 3
10% 460 11 11
20% 769 32 40
25% 1036 48 54
30% 1344 74 75
40% 1997 215 191
50% 2512 438 586
60% 3019 685 923
70% 3705 970 1467
75% 4155 1183 1852
80% 4660 1473 2218
90% 6422 2736 3414
95% 8902 4957 5521
99% 17421 15727 14138
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Discharge (L/s)

Statistic
Thomsons Creek at SH85 Chatto Creek Lauder
N of Cases 1613 1417 1462
Minimum 1 69 1
Maximum 20129 19726 14430
Median 748 734 980
Arithmetic Mean 989 1016 1324
Standard Deviation 1189 1235 1507
Method = CLEVELAND
1% 10 88 3
5% 79 188 66
10% 129 216 117
20% 214 286 176
25% 263 340 211
30% 325 417 270
40% 483 612 689
50% 748 734 980
60% 982 881 1263
70% 1174 1148 1589
75% 1301 1303 1785
80% 1427 1457 2004
90% 1997 1978 3133
95% 2706 2577 3929
99% 5630 5285 6527
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Appendix C  Graphical comparison of concentrations of physico-
chemical and water quality variables and E. coli

These box and whisker plots summarise all data provided for the Manuherikia River catchment. Site
are generally arranged in downstream order from top to bottom. Numeric threshold limits are
indicated; these are discussed in Section 3.3 in more detail.
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Figure C-1: Ammoniacal-N concentrations. The broken black line indicates the ORC Water Plan limit of 0.1
mg/L. The red dot indicates the average value for the data period.
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Figure C-2: NNN concentrations. The broken black line indicates the ORC Water Plan limit of 0.075 mg/L.
The red dot indicates the average value for the data period.
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Appendix D Summary statistics, water quality variables
Manu R d/s Fork

IAmmoniacal-N|NNN conc.|DRP conc.| E. coli conc.

Statistic I (mg/L) | (mg/L) |(MPN/100 mL) Turbidity (NTU)

N of Cases 19 19 19 19 19

Minimum 0.005 0.001 0.004 1.000 0.110
Maximum 0.005 0.007 0.009 78.000 15.800
Median 0.005 0.002 0.006 5.000 0.500
Mean 0.005 0.002 0.006 12.447 1.449
Standard Error of Mean 0.000 0.000 0.000 4.342 0.827
95.0% LCL of Mean 0.005 0.002 0.005 3.326 -0.289
95.0% UCL of Mean 0.005 0.003 0.006 21.569 3.187
Standard Deviation 0.000 0.002 0.002 18.925 3.605
Coefficient of Variation 0.000 0.620 0.275 1.520 2.488

Cleveland percentiles

1% 0.005 0.001 0.004 1.000 0.110
5% 0.005 0.001 0.004 1.000 0.128
10% 0.005 0.001 0.004 1.240 0.170
20% 0.005 0.001 0.004 1.600 0.200
25% 0.005 0.001 0.004 1.700 0.200
30% 0.005 0.002 0.004 2.000 0.200
40% 0.005 0.002 0.005 3.190 0.432
50% 0.005 0.002 0.006 5.000 0.500
60% 0.005 0.002 0.006 9.420 0.550
70% 0.005 0.003 0.006 10.800 0.586
75% 0.005 0.003 0.006 11.000 0.635
80% 0.005 0.004 0.007 17.300 0.741
90% 0.005 0.005 0.008 35.000 3.060
95% 0.005 0.006 0.009 61.350 10.715
99% 0.005 0.007 0.009 78.000 15.800
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Manu R at Loop Road

IAmmoniacal- .
Statistic (m:/L) N':'r:gc;’L')‘c' D';:;;’SC' (“’;'Pﬁ’/"lg‘(’)";” Turbidity (NTU)

N of Cases 46 46 46 20 21
Minimum 0.005 0.001 0.001 1.000 0.290
Maximum 0.010 0.126 0.011 100.000 20.000
Median 0.010 0.005 0.005 17.000 1.270
Mean 0.008 0.013 0.005 27.695 2.708
Standard Error of Mean 0.000 0.004 0.000 7.283 0.952
95.0% LCL of Mean 0.007 0.005 0.004 12.451 0.722
95.0% UCL of Mean 0.009 0.021 0.005 42.939 4.694
Standard Deviation 0.002 0.026 0.002 32.572 4.363
Coefficient of Variation 0.314 1.977 0.445 1.176 1.611
Cleveland percentiles

1% 0.005 0.001 0.001 1.000 0.290
5% 0.005 0.001 0.001 1.300 0.483
10% 0.005 0.001 0.001 1.600 0.736
20% 0.005 0.002 0.003 2.450 0.900
25% 0.005 0.002 0.004 3.300 0.907
30% 0.005 0.002 0.004 4.150 0.966
40% 0.005 0.005 0.005 5.750 1.092
50% 0.010 0.005 0.005 17.000 1.270
60% 0.010 0.005 0.005 22.000 1.304
70% 0.010 0.005 0.005 30.500 1.504
75% 0.010 0.005 0.005 40.000 1.990
80% 0.010 0.011 0.006 57.000 2.800
90% 0.010 0.043 0.007 86.000 6.300
95% 0.010 0.070 0.009 100.000 13.455
99% 0.010 0.126 0.011 100.000 20.000
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Manu R at Blackstone

IAmmoniacal- .

Statistic (m:/L) N':'r:gc;’L')‘c' D';:;;’SC' (“’;'Pﬁ’/"lg‘(’)";” Turbidity (NTU)
N of Cases 89 89 89 88 69
Minimum 0.005 0.001 0.001 1.600 0.900
Maximum 0.073 0.311 0.020 2400.000 161.000
Median 0.008 0.005 0.005 38.000 2.200
Mean 0.009 0.024 0.005 118.242 11.425
Standard Error of Mean 0.001 0.006 0.000 32.983 3.856
95.0% LCL of Mean 0.007 0.013 0.005 52.686 3.731
95.0% UCL of Mean 0.010 0.035 0.006 183.798 19.120
Standard Deviation 0.008 0.053 0.003 309.404 32.030
Coefficient of Variation 0.897 2.180 0.494 2.617 2.803
Cleveland percentiles
1% 0.005 0.001 0.002 1.600 0.900
5% 0.005 0.001 0.003 1.970 0.996
10% 0.005 0.002 0.003 4.000 1.100
20% 0.005 0.002 0.004 8.210 1.315
25% 0.005 0.003 0.004 9.900 1.415
30% 0.005 0.003 0.004 12.900 1.606
40% 0.005 0.005 0.004 20.700 2.000
50% 0.008 0.005 0.005 38.000 2.200
60% 0.010 0.005 0.005 54.300 3.260
70% 0.010 0.007 0.006 90.000 4.980
75% 0.010 0.012 0.006 96.500 5.825
80% 0.010 0.017 0.007 129.000 7.210
90% 0.011 0.087 0.008 207.000 14.920
95% 0.015 0.160 0.011 326.000 45.500
99% 0.056 0.272 0.017 2020.000 160.810
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Dunstan Cr at Beattie Rd

IAmmoniacal-N|NNN conc.|DRP conc.| E. coli conc.

Statistic I (mg/) | (mg/L) |(MPN/100 mL) Turbidity (NTU)

N of Cases 108 107 107 107 88

Minimum 0.005 0.006 0.001 1.000 0.360
Maximum 0.030 0.600 0.010 2500.000 38.000
Median 0.010 0.045 0.004 30.000 0.800
Mean 0.008 0.068 0.005 96.488 2.502
Standard Error of Mean 0.000 0.007 0.000 30.837 0.603
95.0% LCL of Mean 0.008 0.053 0.005 35.350 1.304
95.0% UCL of Mean 0.009 0.082 0.005 157.626 3.699
Standard Deviation 0.003 0.076 0.002 318.985 5.653
Coefficient of Variation 0.408 1.125 0.357 3.306 2.260

Cleveland percentiles

1% 0.005 0.008 0.001 1.000 0.390
5% 0.005 0.015 0.003 2.000 0.458
10% 0.005 0.016 0.003 4.180 0.540
20% 0.005 0.021 0.004 8.200 0.600
25% 0.005 0.022 0.004 10.000 0.650
30% 0.005 0.026 0.004 12.600 0.669
40% 0.008 0.034 0.004 22.000 0.727
50% 0.010 0.045 0.004 30.000 0.800
60% 0.010 0.055 0.005 37.700 0.930
70% 0.010 0.073 0.005 48.800 1.101
75% 0.010 0.085 0.006 52.750 1.200
80% 0.010 0.103 0.006 68.200 1.400
90% 0.010 0.139 0.008 135.600 4.033
95% 0.010 0.181 0.008 219.100 15.040
99% 0.023 0.446 0.009 2101.000 31.540
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Poolburn at Cob

Statistic  MmmOniacalNNNN conclDRP conci € cofconc. Ir gy (o)
N of Cases 19 19 19 19 19
Minimum 0.005 0.002 0.003 9.800 0.750
Maximum 0.022 0.620 0.067 1733.000 26.000
Median 0.006 0.021 0.033 80.000 1.990
Mean 0.009 0.070 0.029 271.989 5.063
Standard Error of Mean 0.001 0.033 0.004 100.243 1.545
95.0% LCL of Mean 0.007 0.001 0.019 61.387 1.817
95.0% UCL of Mean 0.011 0.139 0.038 482.592 8.308
Standard Deviation 0.005 0.142 0.019 436.950 6.734
Coefficient of Variation 0.540 2.034 0.679 1.606 1.330
Cleveland percentiles
1% 0.005 0.002 0.003 9.800 0.750
5% 0.005 0.002 0.003 12.140 0.773
10% 0.005 0.002 0.005 19.000 0.960
20% 0.005 0.005 0.009 36.500 1.430
25% 0.005 0.006 0.011 42.500 1.515
30% 0.005 0.007 0.013 50.800 1.588
40% 0.006 0.016 0.015 68.200 1.819
50% 0.006 0.021 0.033 80.000 1.990
60% 0.009 0.032 0.037 108.100 2.590
70% 0.011 0.058 0.041 201.200 2.680
75% 0.012 0.064 0.042 219.000 5.850
80% 0.012 0.077 0.045 527.700 8.370
90% 0.016 0.168 0.054 802.800 15.260
95% 0.019 0.435 0.062 1349.150 22.355
99% 0.022 0.620 0.067 1733.000 26.000

Review of water quality and ecological data for the Manuherikia River catchment

83



Lauder Cr at yards

IAmmoniacal-N|[NNN conc.|DRP conc.| E. coli conc.

Statistic I (mg/L) | (mg/L) |(MPN/100 mL) Turbidity (NTU)

N of Cases 10 10 10 10 10

Minimum 0.005 0.002 0.003 1.600 0.300
Maximum 0.045 0.014 0.008 17.000 1.200
Median 0.005 0.002 0.005 5.700 0.725
Mean 0.010 0.003 0.005 7.070 0.725
Standard Error of Mean 0.004 0.001 0.000 1.817 0.093
95.0% LCL of Mean 0.001 0.001 0.004 2.959 0.514
95.0% UCL of Mean 0.019 0.006 0.006 11.181 0.936
Standard Deviation 0.013 0.004 0.001 5.747 0.295
Coefficient of Variation 1.271 1.156 0.244 0.813 0.406

Cleveland percentiles

1% 0.005 0.002 0.003 1.600 0.300
5% 0.005 0.002 0.003 1.600 0.300
10% 0.005 0.002 0.004 1.600 0.350
20% 0.005 0.002 0.005 1.600 0.425
25% 0.005 0.002 0.005 1.600 0.450
30% 0.005 0.002 0.005 2.450 0.525
40% 0.005 0.002 0.005 4.100 0.625
50% 0.005 0.002 0.005 5.700 0.725
60% 0.005 0.002 0.005 7.350 0.825
70% 0.005 0.002 0.005 9.100 0.925
75% 0.006 0.002 0.005 10.000 1.000
80% 0.010 0.003 0.006 13.000 1.000
90% 0.029 0.009 0.007 16.500 1.100
95% 0.045 0.014 0.008 17.000 1.200
99% 0.045 0.014 0.008 17.000 1.200
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Lauder Cr at Rail Trail

IAmmoniacal-N|NNN conc.|DRP conc.| E. coli conc.

Statistic I (mg/) | (mg/L) |(MPN/100 mL) Turbidity (NTU)

N of Cases 38 38 38 12 13

Minimum 0.005 0.002 0.003 1.000 2.800
Maximum 0.020 0.325 0.045 630.000 24.000
Median 0.010 0.007 0.010 140.000 5.000
Mean 0.010 0.033 0.015 158.750 6.624
Standard Error of Mean 0.000 0.010 0.002 47.403 1.599
95.0% LCL of Mean 0.009 0.014 0.011 54.416 3.139
95.0% UCL of Mean 0.011 0.052 0.019 263.084 10.108
Standard Deviation 0.003 0.059 0.013 164.209 5.766
Coefficient of Variation 0.285 1.780 0.835 1.034 0.871

Cleveland percentiles

1% 0.005 0.002 0.003 1.000 2.800
5% 0.005 0.002 0.004 3.000 2.800
10% 0.006 0.004 0.005 15.000 2.800
20% 0.009 0.005 0.006 31.800 3.159
25% 0.009 0.005 0.006 56.500 3.478
30% 0.010 0.005 0.007 83.000 3.720
40% 0.010 0.005 0.008 116.000 4.180
50% 0.010 0.007 0.010 140.000 5.000
60% 0.010 0.010 0.013 157.000 5.520
70% 0.010 0.021 0.017 169.000 5.980
75% 0.010 0.050 0.018 190.000 6.425
80% 0.010 0.057 0.022 210.000 7.270
90% 0.010 0.099 0.041 336.000 14.320
95% 0.015 0.109 0.044 588.000 22.185
99% 0.020 0.325 0.045 630.000 24.000
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Manu R at Omakau

IAmmoniacal-N|NNN conc.|DRP conc.| E. coli conc.

Statistic I (mg/L) | (mg/L) |(MPN/100 mI_)Turbidity (NTU)

N of Cases 46 46 46 20 21
Minimum 0.005 0.001 0.002 4.900 0.800
Maximum 0.020 0.450 0.032 5400.000 160.000
Median 0.010 0.021 0.012 98.000 2.300
Mean 0.009 0.074 0.012 568.445 17.610
Standard Error of Mean 0.001 0.016 0.001 330.082 8.355
95.0% LCL of Mean 0.008 0.040 0.010 -122.425 0.182
95.0% UCL of Mean 0.010 0.107 0.014 1259.315 35.038
Standard Deviation 0.004 0.112 0.007 1476.173 38.287
Coefficient of Variation 0.392 1.519 0.569 2.597 2.174

Cleveland percentiles

1% 0.005 0.001 0.002 4.900 0.800
5% 0.005 0.007 0.004 7.450 0.965
10% 0.005 0.009 0.005 15.500 1.160
20% 0.005 0.013 0.006 37.000 1.496
25% 0.005 0.013 0.007 50.500 1.670
30% 0.008 0.014 0.008 69.500 1.788
40% 0.010 0.016 0.010 87.000 1.926
50% 0.010 0.021 0.012 98.000 2.300
60% 0.010 0.025 0.013 120.000 3.230
70% 0.010 0.039 0.015 130.000 5.400
75% 0.010 0.059 0.016 135.000 6.900
80% 0.010 0.124 0.016 160.000 14.100
90% 0.010 0.262 0.022 2265.000 66.600
95% 0.018 0.327 0.029 4850.000 113.250
99% 0.020 0.450 0.032 5400.000 160.000
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Manu R at Ophir

Statistic  MmmOniacalNNNN conclDRP conci € cofconc. Ir gy (o)
N of Cases 118 118 118 117 101
Minimum 0.005 0.007 0.001 2.000 0.670
Maximum 0.082 0.490 0.081 5300.000 220.000
Median 0.010 0.046 0.014 98.000 3.080
Mean 0.012 0.086 0.019 303.332 11.152
Standard Error of Mean 0.001 0.009 0.001 65.206 2.795
95.0% LCL of Mean 0.010 0.068 0.016 174.184 5.607
95.0% UCL of Mean 0.014 0.104 0.022 432.481 16.697
Standard Deviation 0.009 0.098 0.015 705.309 28.089
Coefficient of Variation 0.761 1.138 0.774 2.325 2.519
Cleveland percentiles
1% 0.005 0.007 0.003 2.670 0.808
5% 0.005 0.012 0.004 6.210 1.255
10% 0.005 0.015 0.005 15.000 1.418
20% 0.005 0.020 0.008 31.800 2.100
25% 0.009 0.022 0.009 42.000 2.175
30% 0.010 0.024 0.009 51.200 2.200
40% 0.010 0.034 0.011 74.300 2.600
50% 0.010 0.046 0.014 98.000 3.080
60% 0.010 0.066 0.017 157.000 3.574
70% 0.011 0.090 0.023 223.400 5.500
75% 0.014 0.110 0.026 270.000 5.950
80% 0.016 0.134 0.031 311.000 7.260
90% 0.020 0.217 0.040 712.000 25.400
95% 0.024 0.289 0.050 1230.000 59.880
99% 0.058 0.456 0.067 5032.000 169.000
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Thomsons Cr at Race

Statistic  MmmOniacalNNNN conc,DRP conci € cofconc. Ir gy (o)
N of Cases 31 0 31 36 0
Minimum 0.005 . 0.001 1.600
Maximum 0.120 . 0.008 1600.000
Median 0.005 . 0.004 21.000
Mean 0.009 . 0.004 99.500
Standard Error of Mean 0.004 . 0.000 45.549
95.0% LCL of Mean 0.002 . 0.004 7.030
95.0% UCL of Mean 0.017 . 0.005 191.970
Standard Deviation 0.021 . 0.002 273.296
Coefficient of Variation 2.244 . 0.385 2.747
Cleveland percentiles
1% 0.005 . 0.001 1.600
5% 0.005 . 0.001 1.600
10% 0.005 . 0.002 1.600
20% 0.005 . 0.003 5.700
25% 0.005 . 0.004 8.000
30% 0.005 . 0.004 10.300
40% 0.005 . 0.004 12.900
50% 0.005 . 0.004 21.000
60% 0.005 . 0.005 33.100
70% 0.005 . 0.005 48.100
75% 0.005 . 0.005 86.000
80% 0.005 . 0.005 109.000
90% 0.008 . 0.006 159.000
95% 0.013 . 0.007 407.600
99% 0.120 . 0.008 1600.000
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Manu R u/s Thomsons Cr

IAmmoniacal-N|NNN conc.|DRP conc.| E. coli conc.

Statistic I (mg/) | (mg/L) |(MPN/100 mL) Turbidity (NTU)

N of Cases 5 5 5 5 5
Minimum 0.005 0.010 0.004 100.000 1.080
Maximum 0.018 0.107 0.028 5200.000 64.000
Median 0.005 0.026 0.007 180.000 6.200
Mean 0.008 0.049 0.010 1168.000 19.656
Standard Error of Mean 0.003 0.020 0.005 1008.124 11.901
95.0% LCL of Mean 0.000 -0.007 -0.002 -1631.001 -13.387
95.0% UCL of Mean 0.015 0.105 0.023 3967.001 52.699
Standard Deviation 0.006 0.045 0.010 2254.234 26.612
Coefficient of Variation 0.765 0.914 0.979 1.930 1.354

Cleveland percentiles

1% 0.005 0.010 0.004 100.000 1.080
5% 0.005 0.010 0.004 100.000 1.080
10% 0.005 0.010 0.004 100.000 1.080
20% 0.005 0.013 0.004 135.000 1.540
25% 0.005 0.014 0.004 152.500 1.770
30% 0.005 0.015 0.004 170.000 2.000
40% 0.005 0.021 0.006 175.000 4.100
50% 0.005 0.026 0.007 180.000 6.200
60% 0.005 0.057 0.008 185.000 15.600
70% 0.005 0.088 0.009 190.000 25.000
75% 0.008 0.093 0.013 1442.500 34.750
80% 0.012 0.098 0.018 2695.000 44.500
90% 0.018 0.107 0.028 5200.000 64.000
95% 0.018 0.107 0.028 5200.000 64.000
99% 0.018 0.107 0.028 5200.000 64.000
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Thomsons Cr at SH85

Ammoniacal- .

Statistic (m:/L) N':'r:gc;’L')‘c' D';:;;’SC' (nﬁ}wﬁ)/l;;zn;u Turbidity (NTU)
N of Cases 102 102 102 106 78
Minimum 0.005 0.003 0.004 1.000 1.500
Maximum 0.100 0.680 0.180 5700.000 230.000
Median 0.010 0.107 0.025 347.000 4.100
Mean 0.014 0.166 0.042 732.325 10.151
Standard Error of Mean 0.002 0.015 0.004 95.407 3.149
95.0% LCL of Mean 0.011 0.136 0.034 543.152 3.881
95.0% UCL of Mean 0.018 0.195 0.050 921.499 16.421
Standard Deviation 0.016 0.150 0.042 982.272 27.809
Coefficient of Variation 1.084 0.906 0.993 1.341 2.740
Cleveland percentiles
1% 0.005 0.004 0.004 2.288 1.556
5% 0.005 0.008 0.004 9.800 1.782
10% 0.005 0.013 0.006 26.200 2.130
20% 0.005 0.039 0.009 51.400 2.600
25% 0.005 0.045 0.010 86.000 2.800
30% 0.008 0.058 0.011 113.000 3.090
40% 0.010 0.079 0.016 209.100 3.580
50% 0.010 0.107 0.025 347.000 4.100
60% 0.010 0.168 0.042 517.300 5.330
70% 0.013 0.230 0.059 760.000 5.820
75% 0.016 0.280 0.066 890.000 6.900
80% 0.020 0.310 0.073 1204.000 7.590
90% 0.024 0.403 0.097 2100.000 10.040
95% 0.042 0.430 0.134 2900.000 40.400
99% 0.091 0.597 0.175 4580.000 186.600
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Manu R u/s Chatto Cr

Ammoniacal- .

Statistic (m:/L) N':'r:gc;’L')‘c' D';:;;’SC' (hﬁ},ﬁ’/”u‘)‘(’)"r:” Turbidity (NTU)
N of Cases 46 46 46 20 21
Minimum 0.005 0.001 0.002 18.000 0.560
Maximum 0.063 0.440 0.052 5900.000 180.000
Median 0.010 0.022 0.014 105.000 2.600
Mean 0.010 0.081 0.017 507.450 23.530
Standard Error of Mean 0.002 0.017 0.002 304.581 10.887
95.0% LCL of Mean 0.007 0.046 0.013 -130.046 0.822
95.0% UCL of Mean 0.013 0.116 0.020 1144.946 46.239
Standard Deviation 0.010 0.117 0.011 1362.128 49.888
Coefficient of Variation 1.007 1.448 0.682 2.684 2.120
Cleveland percentiles
1% 0.005 0.001 0.002 18.000 0.560
5% 0.005 0.007 0.005 19.000 0.665
10% 0.005 0.009 0.005 25.000 1.074
20% 0.005 0.012 0.008 37.500 1.500
25% 0.005 0.013 0.009 52.000 1.567
30% 0.005 0.014 0.010 71.000 1.598
40% 0.010 0.020 0.011 87.000 1.895
50% 0.010 0.022 0.014 105.000 2.600
60% 0.010 0.030 0.017 125.000 5.420
70% 0.010 0.046 0.020 170.000 8.500
75% 0.010 0.069 0.023 190.000 10.275
80% 0.010 0.184 0.024 210.000 24.420
90% 0.010 0.288 0.031 1285.000 90.000
95% 0.018 0.332 0.044 4100.000 166.800
99% 0.063 0.440 0.052 5900.000 180.000
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Chatto Cr at Manu R

IAmmoniacal- .
Statistic (m:/L) N':'r:gc;’L')‘c' D';:;;’SC' (“’;'Pﬁ’/"lg‘(’)";” Turbidity (NTU)

N of Cases 38 38 38 12 13
Minimum 0.005 0.021 0.005 30.000 1.000
Maximum 0.056 0.386 0.063 880.000 6.800
Median 0.010 0.120 0.021 140.000 2.900
Mean 0.011 0.147 0.023 280.500 2.982
Standard Error of Mean 0.001 0.015 0.002 84.418 0.510
95.0% LCL of Mean 0.008 0.116 0.019 94.698 1.870
95.0% UCL of Mean 0.014 0.179 0.027 466.302 4.094
Standard Deviation 0.008 0.095 0.013 292.431 1.840
Coefficient of Variation 0.728 0.643 0.546 1.043 0.617
Cleveland percentiles

1% 0.005 0.021 0.005 30.000 1.000
5% 0.005 0.030 0.007 30.300 1.015
10% 0.005 0.047 0.009 32.100 1.080
20% 0.010 0.077 0.011 42.000 1.264
25% 0.010 0.083 0.012 71.500 1.290
30% 0.010 0.086 0.014 102.000 1.460
40% 0.010 0.111 0.017 120.000 2.260
50% 0.010 0.120 0.021 140.000 2.900
60% 0.010 0.146 0.025 188.000 3.130
70% 0.010 0.163 0.030 371.000 3.260
75% 0.010 0.200 0.031 470.000 3.800
80% 0.010 0.216 0.034 569.000 5.100
90% 0.014 0.302 0.038 782.000 5.600
95% 0.018 0.338 0.043 866.000 6.575
99% 0.056 0.386 0.063 880.000 6.800
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Manu R at Galloway

IAmmoniacal-N|NNN conc.|DRP conc.| E. coli conc.

Statistic I (mg/L) | (mg/L) |(MPN/100 mI_)Turbidity (NTU)

N of Cases 124 124 124 205 107
Minimum 0.005 0.001 0.001 1.000 0.650
Maximum 0.043 0.510 0.044 5700.000 200.000
Median 0.010 0.026 0.011 70.000 2.600
Mean 0.010 0.065 0.013 254.548 13.508
Standard Error of Mean 0.000 0.009 0.001 45.563 3.392
95.0% LCL of Mean 0.009 0.048 0.011 164.713 6.783
95.0% UCL of Mean 0.011 0.083 0.014 344.383 20.232
Standard Deviation 0.005 0.097 0.007 652.365 35.084
Coefficient of Variation 0.554 1.481 0.575 2.563 2.597

Cleveland percentiles

1% 0.005 0.002 0.003 1.385 0.678
5% 0.005 0.003 0.004 4.675 0.938
10% 0.005 0.004 0.005 12.000 1.100
20% 0.005 0.008 0.007 24.500 1.369
25% 0.006 0.010 0.008 28.750 1.485
30% 0.008 0.011 0.008 34.000 1.640
40% 0.010 0.019 0.010 47.500 2.330
50% 0.010 0.026 0.011 70.000 2.600
60% 0.010 0.035 0.013 99.000 3.940
70% 0.010 0.069 0.015 133.000 5.180
75% 0.010 0.080 0.017 171.000 8.038
80% 0.010 0.095 0.017 227.500 10.110
90% 0.011 0.180 0.020 580.000 20.540
95% 0.015 0.292 0.023 1105.000 72.305
99% 0.041 0.466 0.043 3700.000 194.300
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NNN concentrations
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DRP concentrations
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E. coli concentrations
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Turbidity values
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Appendix F NPS-FM NOF E. coli grades
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Table F-1:  Grading of E. coli concentrations according to the MfE NPS-FM attribute values and schema. Where sufficient data exist (~60 per five-year period), the row is
shaded. Where at least 10 values exist for the five-year period (insufficient for NPS-FM grading), an approximate "grading" is indicated in the column Overall Grade (indicative
only).

Numeric attributes state Grading according to individual attribute state
Proportion | Proportion Proportion | Proportion Indicative
Period Site N of Cases | of values of values of values of values “Overall
>540 >260 Median Pct95 >540 >260 Median Pct95 grade”
cfu/100 cfu/100 cfu/100 cfu/100
mL (%) mL (%) mL (%) mL (%)

2009/13 Dunstan Cr at Beattie Rd 45 0 0 23 145 Blue Blue Blue Blue
2009/13 Ida Burn at Auripo Rd 31 13 30 90 3745 Yellow Yellow Blue Orange
2009/13 Ida Burn at SH85 31 0 0 12 109 Blue Blue Blue Blue
2009/13 Manuherikia at Blackston 32 0 4 38 216 Blue Blue Blue Blue
2009/13 Manuherikia at Galloway 143 12 19 81 1107 Yellow Blue Blue Yellow Yellow
2009/13 Manuherikia at Ophir 55 11 30 110 1075 Yellow Yellow Blue Yellow Yellow
2009/13 Pool Burn at Auripo Rd 32 13 25 102 2400 Yellow Green Blue Orange Orange
2009/13 Thomsons Cr at SH85 31 36 59 320 3375 Red Orange Orange Orange
2010/14 Dunstan Cr at Beattie Rd 48 0 0 24 130 Blue Blue Blue Blue
2010/14 Ida Burn at Auripo Rd 22 14 37 135 3140 Yellow Orange Orange Orange
2010/14 Ida Burn at SH85 22 0 0 12 126 Blue Blue Blue Blue
2010/14 Manuherikia at Blackston 29 0 4 38 223 Blue Blue Blue Blue
2010/14 Manuherikia at Galloway 109 16 23 101 1124 Yellow Green Blue Yellow Yellow
2010/14 Manuherikia at Ophir 50 14 40 130 1300 Yellow Orange Blue Orange Orange
2010/14 Pool Burn at Auripo Rd 23 14 27 130 3415 Yellow Green Blue Orange Orange
2010/14 Thomsons Cr at SH85 35 40 60 400 3275 Red Orange Orange Orange
2011/15 Dunstan Cr at Beattie Rd 43 0 3 20 141 Blue Blue Blue Blue
2011/15 Manuherikia at Blackston 24 0 5 15 235 Blue Blue Blue Blue
2011/15 Manuherikia at Galloway 94 14 21 99 1080 Yellow Green Blue Yellow Yellow
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Numeric attributes state Grading according to individual attribute state
Proportion | Proportion Proportion | Proportion Indicative
Period Site N of Cases | of values of values of values of values “Overall
>540 >260 Median Pct95 >540 >260 Median Pct95 grade”
cfu/100 cfu/100 cfu/100 cfu/100
mL (%) mL (%) mL (%) mL (%)
2011/15 Manuherikia at Ophir 45 12 32 99 1150 Yellow Yellow Blue Yellow Yellow
2011/15 Thomsons Cr at SH85 31 39 59 350 1795 Red Orange Orange Orange Orange
2012/16 Dunstan Cr at Beattie Rd 51 2 4 26 159 Blue Blue Blue Blue
2012/16 Manuherikia at Blackston 36 3 6 19 255 Blue Blue Blue Blue
2012/16 Manuherikia at Galloway 83 14 20 100 958 Yellow Green Blue Green Yellow
2012/16 Manuherikia at Ophir 51 10 28 96 1274 Yellow Green Blue Orange Orange
2012/16 Thomsons Cr at SH85 43 33 52 310 1735 Red Orange Orange Orange
2013/17 Chatto Cr u/s Manuheriki 12 25 34 140 866 Orange Orange Orange Green

2013/17 Lauder Cr at Cattle Yard 10 0 0 6 17 Blue Blue Blue Blue

2013/17 Lauder Cr at Rail trail 12 9 9 140 588 Green Blue Orange Green
2013/17 Manuherikia at Blackston 45 3 7 28 275 Blue Blue Blue Blue

2013/17 Manuherikia at Galloway 73 10 17 70 784 Yellow Blue Blue Green
2013/17 Manuherikia at Loop Rd 15 0 0 5 71 Blue Blue Blue Blue

2013/17 Manuherikia at Omakau 15 7 7 84 3283 Green Blue Blue Orange Orange
2013/17 Manuherikia at Ophir 57 11 27 86 763 Yellow Green Blue Green Yellow
2013/17 Manuherikia d/s Forks 12 0 0 8 40 Blue Blue Blue Blue -
2013/17 Manuherikia u/s Chatto C 15 7 14 84 1793 Green Blue Blue Orange Orange
2013/17 Poolburn at Cob Cottage 12 17 17 69 858 Yellow Blue Blue Green Yellow
2013/17 Thomsons Cr at Race 18 0 0 11 109 Blue Blue Blue Blue

2014/18

Chatto Cr u/s Manuheriki

12

25

34

140

866

Orange

Orange

Orange

Green

Orange
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Numeric attributes state Grading according to individual attribute state
Proportion | Proportion Proportion | Proportion Indicative
Period Site N of Cases | of values of values of values of values “Overall
>540 >260 Median Pct95 >540 >260 Median Pct95 grade”
cfu/100 cfu/100 cfu/100 cfu/100
mL (%) mL (%) mL (%) mL (%)
2014/18 Dunstan Cr at Beattie Rd 60 5 7 34 875 Green Blue Blue Green Green
2014/18 Lauder Cr at Cattle Yard 10 0 0 6 17 Blue Blue Blue Blue
2014/18 Lauder Cr at Rail trail 12 9 9 140 588 Green Blue Orange Green Orange
2014/18 Manuherikia at Blackston 54 4 8 30 305 Blue Blue Blue Blue
2014/18 Manuherikia at Galloway 60 12 15 47 1085 Yellow Blue Blue Yellow Yellow
2014/18 Manuherikia at Loop Rd 20 0 0 17 100 Blue Blue Blue Blue
2014/18 Manuherikia at Omakau 20 10 10 98 4850 Yellow Blue Blue Orange Orange
2014/18 Manuherikia at Ophir 60 12 22 93 1300 Yellow Green Blue Orange Orange
2014/18 Manuherikia d/s Forks 17 0 0 5 66 Blue Blue Blue Blue -
2014/18 Manuherikia u/s Chatto C 20 10 15 105 4100 Yellow Blue Blue Orange Orange
2014/18 Poolburn at Cob Cottage 17 18 18 70 1435 Yellow Blue Blue Orange Orange
2014/18 Thomsons Cr at Race 34 3 6 19 439 Blue Blue Blue Blue
2015/19 Chatto Cr u/s Manuheriki 12 25 34 140 866 Orange Orange Orange Green Orange
2015/19 Dunstan Cr at Beattie Rd 50 6 8 34 1300 Green Blue Blue Orange Orange
2015/19 Lauder Cr at Cattle Yard 10 0 0 6 17 Blue Blue Blue Blue -
2015/19 Lauder Cr at Rail trail 12 9 9 140 588 Green Blue Orange Green Orange
2015/19 Manuherikia at Blackston 50 6 12 40 921 Green Blue Blue Green Green
2015/19 Manuherikia at Galloway 50 8 12 45 1300 Green Blue Blue Orange Orange
2015/19 Manuherikia at Loop Rd 20 0 0 17 100 Blue Blue Blue Blue -
2015/19 Manuherikia at Omakau 20 10 10 98 4850 Yellow Blue Blue Orange Orange
2015/19 Manuherikia at Ophir 50 14 18 93 1300 Yellow Blue Blue Orange Orange
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Numeric attributes state

Grading according to individual attribute state

Proportion | Proportion Proportion | Proportion Indicative
Period Site N of Cases | of values of values of values of values “Overall
>540 >260 Median Pct95 >540 >260 Median Pct95 grade”
cfu/100 cfu/100 cfu/100 cfu/100
mL (%) mL (%) mL (%) mL (%)
2015/19 Manuherikia d/s Forks 19 0 0 5 62 Blue Blue Blue Blue -
2015/19 Manuherikia u/s Chatto C 20 10 15 105 4100 Yellow Blue Blue Orange Orange
2015/19 Poolburn at Cob Cottage 19 22 22 80 1350 Orange Green Blue Orange Orange
2015/19 Thomsons Cr at Race 36 3 6 21 408 Blue Blue Blue Blue
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Assessment of trend using Mann-Kendall test and slope analysis with median values in each time period of one month
Time periods used in analysis are: January February March April May June July August September October November December
If the sample size is less than 10 small sample size probabilities are used otherwise a normal approximation is used to determine P value
Slope assessment excludes any censored values. Data for ammoniacal-N are struck-through, to cautioning against use of this information because of the impact of
change in detection limit over time.

Site
Dunstan-Creek-atBeattie
Road

Dunstan-CreekatBeattie
Road

Dunstan Creek at Beattie
Road

Dunstan Creek at Beattie
Road

Dunstan Creek at Beattie
Road

Dunstan Creek at Beattie
Road

Dunstan Creek at Beattie
Road

Dunstan Creek at Beattie
Road

Manuherikia at
Campground_Gallo

Variable

Amm-N_mgk

Hew—L—sadjusted

Ecoli_MPN_fcu_100mL

Flow_L_s adjusted

DRP_mgL

Flow_L_s adjusted

NNN_mgL

Flow_L_s adjusted

Amm-N-mgk

Tow—t—sadjusted

Ecoli_MPN_fcu_100mL

Samples
used

93

93

93

93

93

106

Sampling
period

17/6/09-
11249

1746409~
R4

17/6/09-
11/2/19

17/6/09-
1172719

17/6/09-
11/2/19

17/6/09-
11/2/19

17/6/09-
11/2/19

17/6/09-
11/2/19

4/12/08-
11249

442/08-
11249

4/12/08-
11/2/19

Median
value

30.00

30.00

0.00

0.00

0.05

0.05

47.50

Kendall
statistic

673

496

-1199

-1085

915

600

245

Variance

90732.00

90788.67

79914.33

90783.00

90749.67

90788.67

134143.67

2.23

1.64

4.24

3.60

3.03

1.99

0.67

0.03

0.10

0.00

0.00

0.00

0.05

Median Sen
slope (annual)

2.23

0.00

0.00

0.00

0.00

1.18

Percent

annual
change

-6-45

7.43

6.04

-2.61

-4.43

9.03

5.42

2.48

95% confidence

limits for slope

0.19t04.71

-0.45t04.24

0.00 to 0.00

0.00 to 0.00

0.00t0 0.01

0.00t0 0.01

-2.78 t0 5.02

Probability

0.99

0.95

1.00

1.00

1.00

0.98

0.75

Trend direction and
confidence

Decreasingtrend
h -

tnereasingtrend
. .

Increasing trend very
likely

Increasing trend
possible

Decreasing trend
virtually certain

Increasing trend
virtually certain

Increasing trend
virtually certain

Increasing trend very
likely

Decreasing trend
h -
trereasing-trend
. .

Increasing trend about
as likely as not
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Percent

. . Samples Sampling Median Kendall . Median Sen 95% confidence - Trend direction and
Site Variable X L. Variance z annual .. Probability .
used period value statistic slope (annual) change limits for slope confidence

Manuherikia at . 4/12/08- .
Campground_Gallo Flow_L_s adjusted 106 112719 47.00 126 130433.33 | 0.35 |0.73 0.82 1.72 -3.85t05.11 0.64 Trend unlikely
Manuherikia at 4/12/08- - . .
e Gl DRP_mgL 106 11/2/19 0.01 -686 133743.71 187 0.06 0.00 -3.12 0.00 to 0.00 0.97 Decreasing trend likely
Manuherikia at . 4/12/08- - Increasing trend very
Camperound. Gallo Flow_L_s adjusted 106 1 19 0.01 -916 130433.33 253 0.01 0.00 -2.88 0.00 to 0.00 0.99 likely
Manuherikia at 4/12/08- - Decreasing trend about
Campground_Gallo NNN_mgL 106 11/2/19 0.03 -192 134118.01 0.52 0.60 0.00 -1.70 0.00 to 0.00 0.70 as likely as not
Manuherikia at . 4/12/08- - Increasing trend about
Campground_Gallo Flow_L_s adjusted 106 1 19 0.03 -324 130433.33 0.89 0.37 0.00 -2.68 0.00 to 0.00 0.82 as likely as not
Manuherikia at 4/12/08- .
CanisroundbGallo Turb_NTU 100 1 19 2.70 142 112701.33 | 0.42 | 0.67 0.02 0.92 -0.13 t0 0.20 0.66 Trend unlikely
Manuherikia at . 4/12/08- = :
g Gl Flow_L_s adjusted 100 11/2/19 2.70 -114 112750.00 034 0.74 -0.02 -0.63 -0.12 to 0.09 0.63 Trend unlikely

- . 30/4408- - Decreasing-trend

—N— 165 0:01 -1106 12081754 _ 000 06-00 06-00 06-00-t0-6-00 100
- . . 304408 - trereasingtrend
L 165 0:01 -1045 12675767 . 000 06-00 -3-49 06-00-t0-6-00 100
Manuherikia at Ophir Ecoli MPN_fcu_100mL | 105 3071/08- 1 g9 00 254 |130408.67 | 0.70 |0.48 2.10 2.14 -4.73 t0 8.83 0.76 | nereasing trend about
11/2/19 as likely as not

- . . 30/1/08- .
Manuherikia at Ophir Flow_L_s adjusted 105 11/2/19 98.50 46 126758.67 | 0.13 | 0.90 0.43 0.44 -7.37 t0 6.98 0.55 Trend unlikely

- ) 30/1/08- - . .
Manuherikia at Ophir DRP_mgL 105 0.01 -630 130214.02 0.08 0.00 -3.97 0.00 to 0.00 0.96 Decreasing trend likely

11/2/19 1.74

- . . 30/1/08- - Increasing trend very

Manubherikia at Ophir Flow_L_s adjusted 105 11/2/19 0.01 -808 126758.67 227 0.02 0.00 -4.14 0.00 to 0.00 0.99 likely
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Percent

. . Samples Sampling Median Kendall . Median Sen 95% confidence - Trend direction and
Site Variable X L. Variance z annual .. Probability .
used period value statistic slope (annual) change limits for slope confidence
Manuherikia at Ophir NNN_mglL 105 3071/08- 0.05 367 13039634 | 1.01 |0.31 0.00 2.62 0.00 0 0.00 0.4  Increasingtrend
11/2/19 possible
Manuherikia at Ophir | Flow_L_s adjusted 105 3071/08- 0.05 182 12675867 0.51 0.61 0.00 1.05 0.00 to 0.00 070 | nereasing trend about
11/2/19 as likely as not
. . 30/1/08- - Trend exceptionally
Manuherikia at Ophir | Turb_NTU 99 V1 3.08 4 10929467 | . 0.99 0.00 0.00 0.13t00.14 051 | ety
- . . 30/1/08- - Increasing trend about
Manuherikia at Ophir Flow_L_s adjusted 99 112719 3.08 -197 109417.00 0.59 0.55 -0.03 -1.04 -0.14 t0 0.07 0.73 as likely as not
176409 - Deereasingtrend
- = 46 11249 441 virtuaty-certain
j - Inereasing trend
L 46 #6409 0.01 453 | 1145500 0 0:00 0.00 863 0.00+0-0.00 1.00
Thomsons Creek at SH85 | Ecoli_ MPN_fcu_100mL | 46 17/6/09- | 559,50 11 11153.00 | 0.09 |0.92 1.89 0.73 -37.10 t0 49.04 0.54 | rend extremely
11/2/19 unlikely
Thomsons Creek at SH85 | Flow_L_s adjusted 46 17/6/09- | 559 50 51 11155.00 | 0.47 |0.64 11.92 4.59 -36.26 t0 71.09 0.6g | Inereasing trend about
11/2/19 as likely as not
17/6/09- - Decreasing trend
Thomsons Creek at SH85 | DRP_mgL 46 L1 0.02 157 1114533 | 014 0.00 -6.45 0.00 to 0.00 093 | ble
Thomsons Creek at SH85 | Flow_L_s adjusted 46 CLAZES 0.02 57 11155.00 | . |0.60 0.00 1.84 0.00 0 0.00 071 | nereasing trend about
11/2/19 0.53 as likely as not
Thomsons Creek at SH85 | NNN_mgL 46 17/6/09- 0.12 281 11148.33 | 2.65 | 0.01 0.01 12.26 0.00 to 0.03 100 | 'mereasing trend
11/2/19 virtually certain
Thomsons Creek at SH85 | Flow_L_s adjusted 46 1776/05- 0.12 279 11155.00 |2.63 |0.01 0.02 13.39 0.00 to 0.03 100 | Mmereasing trend
11/2/19 virtually certain
Thomsons Creek at SH85 | Turb_NTU 34 13/4/16- 4.85 207 454633 | 3.06 0.00 1.51 31.03 0.61 t0 2.50 100 | 'nereasingtrend
1172719 virtually certain
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Site

Thomsons Creek at SH85

Variable

Flow_L_s adjusted

Samples
used

34

Sampling
period

13/4/16-
11/2/19

Median
value

Kendall

Variance z

statistic

4550.33

Percent

Median Sen

slope (annual)

0.74 |1 0.46

0.32

95% confidence
annual L
limits for slope
change
6.56 -0.46 to 1.08

Probability

0.77

Trend direction and
confidence

Increasing trend about
as likely as not

Assessment of trend using seasonal Kendall test and slope analysis and all values in each season of 1 month

Loess smooth

Seasons used in analysis are: January February March April May June July August September October November December
If the sample size is less than 10 small sample size probabilities are used otherwise a normal approximation is used to determine P value
Slope assessment excludes any censored values.

. o . . -
site Variable Samples Sam?llng Ken'da'll Variance | 2 p Sen slope Percent annual | 95% confidence limits Probability Trend dlr'ectlon and
used period statistic (annual) change for slope confidence
Bunstan-Creekat Beattie 3045469 - Deereasingtrendvirtuathy
R Arra—N_rgk 11249 : - : . : - - "
167 221 913.90 228 06-00 0:00 -6:23 8:00t06-66 100

: } 107 -200 115513 | 1 0.00 0:60 -5-19 0:00t06-00 100 g . )
Read - 164248 5-86 eertain
Dunstan Creek at Beattie | ¢\ \ion ey 100mL | 106 3077/09- 90 1138.15 | 2.64 | 0.01 161 537 0.50 t0 3.67 100 | 'nereasing trend virtually
Road 11/2/19 certain
Dunstan Creek at Beattie . 6/1/10- . .
Road Adjusted for Flow_L_s 106 10/12/18 55 1143.00 | 1.60 |0.11 1.26 4.20 -0.43t0 3.15 0.95 Increasing trend possible
Dunstan Creek at Beattie 30/7/09- - Decreasing trend virtually
Road DRP_mgL 106 11/2/19 -168 994.45 530 0.00 0.00 -7.11 0.00 to 0.00 1.00 -
Dunstan Creek at Beattie ) 6/1/10- - Decreasing trend virtually
Road Adjusted for Flow_L_s 106 10/12/18 -160 1126.00 474 0.00 0.00 -6.37 0.00 to 0.00 1.00 .
Dunstan Creek at Beattie 30/7/09- Increasing trend virtually
Road NNN_mgL 107 11/2/19 118 1148.32 | 3.45 | 0.00 0.00 8.86 0.00 to 0.01 1.00 certain
Dunstan Creek at Beattie . 6/1/10- Increasing trend very
Road Adjusted for Flow_L_s 107 10/12/18 88 1158.00 | 2.56 | 0.01 0.00 6.75 0.00 to 0.00 0.99 likely
Manuherikia at 4/12/08- - Decreasing trend virtually
Campground_Gallo Amm_N_mgL 119 11/2/19 219 1215.70 6.25 0.00 0.00 4.98 0.00 to 0.00 1.00 S
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Samples

Sampling

Kendall

Sen slope

Percent annual

95% confidence limits

Trend direction and

Site Variable used period statistic Variance | Z P (annual) change for slope Probability confidence
gﬁgggiﬁzza”o Adjusted for Flow_L_s 119 1?)//11/21/2'8 237 1513.68 | - 0.00 0.00 -4.69 0.00 to 0.00 1.00 CD:;;?:Si”g MR E ]
gar:;;gi;kr:?féano Ecoli_ MPN_fcu_100mL | 118 41/ 11/22//012;' 73 1485.14 | 1.87 |0.06 2.05 431 -0.03 0 4.85 097 |Increasing trend likely
gar:;;g;k;zza”o Adjusted for Flow_L_s 118 1%//11/21/01'8 83 1489.00 | 2.13 |0.03 2.42 5.09 0.41105.36 0.98 :irl‘(cerl‘;asmg trend very
gﬁ;gfg;kgz_aéano DRP_mgl 119 41/ 11/22//23' -103 148338 |, . 0.01 0.00 -3.60 0.00 to 0.00 1.00 ?:;;?:Si"g MR RE
gi:‘;gfg:ﬂii’éa”o Adjusted for Flow_L_s 119 1%//11/21/3'8 100 | 151467 |, 001 0.00 -2.80 0.00 to 0.00 0.99 ﬁ;;;easmg trend very
gi;’:;g;krféano NNN_mglL 119 41/ 11/22//2’;' 22 1508.16 | o, 0.59 0.00 124 0.00 to 0.00 0.72 :?f;;e::iggt"e”d about as
gﬂ:gfﬁ;i_aéano Adjusted for Flow_L_s 119 1%//11/21/2-8 -30 151467 | - 046 0.00 2,91 0.00 to 0.00 0.79 ﬁ’f;;ezzi:i”e"d aboutas
gi:‘;gfg;kr:z_aéa”o Turb_NTU 102 41/ 11/22//% 21 1019.02 | 0.63 |0.53 0.02 0.92 -0.09 0 0.18 0.73 I'i':(‘;r;a:;”ngottre”d about as
gi:;gg:mféa”o Adjusted for Flow_L s 102 1%//11/21/(;'8 27 102100 | o 042 -0.03 112 -0.12 t0 0.05 0.80 :?If;;e::iggt”e"d ot
Manuherikia at Ophir Ecoli_MPN_fcu_100mL | 117 313//12//3@' 89 1523.74 | 2.25 | 0.02 2.91 2.97 0.51t0 6.80 0.99 :&‘;rljasmg TR
Manuherikia at Ophir Adjusted for Flow_L_s 117 fg;llg?fs 50 1526.67 1 1.25 0.21 3.00 3.06 -0.91to07.44 0.90 Increasing trend possible
Manuherikia at Ophir DRP_mgl 118 3101//12//01% -110 152951 |, o [0.01 0.00 -4.48 0.00 to 0.00 1.00 ?:rct;‘?:smg trend virtually
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Samples

Sampling

Kendall

Sen slope

Percent annual

95% confidence limits

Trend direction and

Site Variable used period statistic Variance | Z P (annual) change for slope Probability confidence
. . . 30/1/08- - Decreasing trend very
Manuherikia at Ophir Adjusted for Flow_L_s 118 10/12/18 -99 1552.33 549 0.01 0.00 -2.67 0.00 to 0.00 0.99 likely
- . 30/1/08- Increasing trend very
Manuherikia at Ophir NNN_mgL 118 11/2/19 86 1544.92 | 2.16 | 0.03 0.00 2.17 0.00 to 0.00 0.98 likely
Manuherikia at Ophir Adjusted for Flow_L_s 118 3071/08- 33 1552.33 | 0.81 |0.42 0.00 1.06 0.00 to 0.00 079 | Increasing trend about as
10/12/18 likely as not
Manuherikia at Ophir Turb_NTU 101 3071/08- -7 1073.68 ~ 1085 -0.01 -0.33 -0.15t0 0.15 0.60 Trend unlikel
P - 112/19 ©° loas | : ' : : ' v
- . . 30/1/08- - Decreasing trend about as
Manuherikia at Ophir Adjusted for Flow_L_s 101 10/12/18 -22 1076.67 0.64 0.52 -0.06 -1.89 -0.16 to 0.08 0.76 likely as not
20/10/09 _ 5 . .
—N— 65 -+ 205-72 i 600 0-60 -6-97 0-00-te-0-00 100
: 64410 - Beereastngtrend-virtuaty
—L— 65 -60 24313 378 800 060 +79 8-60-te0-00 160
Thomsons Creek at SH85 | Ecoli_MPN_fcu_100mL 64 20710/03- 12 236.13 |0.72 |0.47 435 1.67 3.61t021.81 0.76 |Increasing trend about as
11/2/19 likely as not
. 6/1/10- . .
Thomsons Creek at SH85 Adjusted for Flow_L_s 64 10/12/18 19 237.00 |1.17 |0.24 13.13 5.06 -7.63 to 58.93 0.87 Increasing trend possible
20/10/09- - Decreasing trend virtually
Thomsons Creek at SH85 DRP_mgL 65 11/2/19 -42 238.93 265 0.01 0.00 -7.09 0.00 to 0.00 1.00 .
. 6/1/10- - Decreasing trend about as
Thomsons Creek at SH85 Adjusted for Flow_L_s 65 10/12/18 -8 244.00 0.45 0.65 0.00 -1.32 0.00 to 0.00 0.71 Welyes mat
Thomsons Creek at SH85 | NNN_mgL 65 20710/09- 70 244.00 |4.42 |0.00 0.01 11.69 0.01 0 0.02 100 | 'ncreasing trend virtually
11/2/19 certain
Thomsons Creek at SH85 | Adjusted for Flow_L_s 65 &/1/10- 68 244.00 | 4.29 |0.00 0.01 13.66 0.01 t0 0.02 100 |Mereasing trend virtually
10/12/18 certain
13/4/16- . .
Thomsons Creek at SH85 Turb_NTU 43 11/2/19 12 76.67 |1.26 1 0.21 0.98 23.27 -0.42 t0 2.44 0.90 Increasing trend possible
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Samples

Sampling

Kendall

Sen slope

Percent annual

95% confidence limits

Trend direction and

Site Variable used period statistic Variance | 2 P (annual) change for slope Probability confidence
. 25/1/17- :
Thomsons Creek at SH85 Adjusted for Flow_L_s 43 10/12/18 4 76.67 |0.34 10.73 0.28 6.58 -1.30t0 1.14 0.65 Trend unlikely

Review of water quality and ecological data for the Manuherikia River catchment

113




Appendix H  Comparison of data between periods

Table H-1:  Comparison of median ammoniacal-N concentration (mg/L) for two time periods by site. For
ammoniacal-N, no difference is indicated because of the effect of analytical detection limit on reported results.

. Median concentration No. of samples
ste pre-2013 post-2015 pre-2013 post-2015

Chatto Cr at Manuherikia 0.01 0.007 26 12
Dunstan Cr at Beattie Rd 0.01 0.005 31 38
Hills Cr at SH85 . 0.005 . 7
Ida Burn at Auripo Rd 0.01 . 26

Ida Burn at Blackstone H 0.01 . 26

Ida Burn at SH85 0.01 . 26

Lauder Cr at Cattle Yard . 0.005 . 10
Lauder Cr at Rail Trail 0.01 0.006 26 12
Manuherikia 20m u/s Thom . 0.005 . 5
Manuherikia 80m u/s Thom . 0.005 . 1
Manuherikia at Blackston 0.01 0.005 27 38
Manuherikia at Galloway 0.01 0.005 41 38
Manuherikia at Larkhill 0.01 0.006 6 1
Manuherikia at Loop Rd 0.01 0.005 26 20
Manuherikia at Omakau 0.01 0.005 26 20
Manuherikia at Ophir 0.01 0.005 41 38
Manuherikia d/s Fork . 0.005 . 19
Manuherikia u/s Chatto C 0.01 0.005 26 20
Manuherikia u/s Ida Burn 0.01 . 26

Pool Burn at Auripo Rd 0.01 . 27

Poolburn at Cob Cottage . 0.006 . 19
Thomsons Cr at Race . 0.005 . 31
Thomsons Cr at SH85 0.01 0.005 25 46
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Table H-2:  Comparison of median NNN concentration (mg/L) for two time periods by site. Where sample
number between periods are approximately equal, increase in median concentration from pre-2012 to post-

2015 is shaded red, decrease is shaded blue. No change is shaded green. Formal significance tests follow

further in this section.

Median concentration

No. of samples

site pre-2013 post-2015 pre-2013 post-2015

Chatto Cr at Manuherikia 0.15 - 26 12
Dunstan Cr at Beattie Rd 0.035 0.066 31 38
Hills Cr at SH85 0.022 7
Ida Burn at Auripo Rd 0.02 26

Ida Burn at Blackstone H 0.028 26

Ida Burn at SH85 0.005 26

Lauder Cr at Cattle Yard 0.002 10
Lauder Cr at Rail Trail 0.009 - 26 12
Manuherikia 20m u/s Thom 0.026 5
Manuherikia 80m u/s Thom 0.019 1
Manuherikia at Blackston 0.005 - 27 38
Manuherikia at Galloway 0.02 0.029 41 38
Manuherikia at Larkhill 1.91 2.5 5 1
Manuherikia at Loop Rd 0.005 - 26 20
Manuherikia at Omakau 0.014 0.028 26 20
Manuherikia at Ophir 0.031 0.049 41 38
Manuherikia d/s Fork 0.002 19
Manuherikia u/s Chatto C 0.021 0.028 26 20
Manuherikia u/s Ida Burn 0.009 26

Pool Burn at Auripo Rd 0.005 27

Poolburn at Cob Cottage 0.021 19
Thomsons Cr at Race 0.002 31
Thomsons Cr at SH85 0.056 0.111 25 46
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Table H-3:  Comparison of median DRP concentration (mg/L) for two time periods by site. Where sample
number between periods are approximately equal, increase in median concentration from pre-2012 to post-
2015 is shaded red, decrease is shaded blue. No change is shaded green. Formal significance tests follow
further in this section.

) Median concentration No. of samples
site pre-2013 post-2015 pre-2013 post-2015

Chatto Cr at Manuherikia 0.025 26 12
Dunstan Cr at Beattie Rd 0.007 30 38
Hills Cr at SH85 . 0.004 . 7
Ida Burn at Auripo Rd 0.035 . 26

Ida Burn at Blackstone H 0.058 . 26

Ida Burn at SH85 0.005 . 26

Lauder Cr at Cattle Yard . 0.005 . 10
Lauder Cr at Rail Trail 0.01 - 26 12
Manuherikia 20m u/s Thom . 0.007 . 5
Manuherikia 80m u/s Thom . 0.013 . 1
Manuherikia at Blackston 0.006 27 38
Manuherikia at Galloway 0.014 41 38
Manuherikia at Larkhill 0.009 0.019 6 1
Manuherikia at Loop Rd 0.005 26 20
Manuherikia at Omakau 0.014 26 20
Manuherikia at Ophir 0.016 41 38
Manuherikia d/s Fork . 0.006 . 19
Manuherikia u/s Chatto C 0.018 26 20
Manuherikia u/s Ida Burn 0.008 . 26

Pool Burn at Auripo Rd 0.041 . 27

Poolburn at Cob Cottage . 0.033 . 19
Thomsons Cr at Race . 0.004 . 31
Thomsons Cr at SH85 0.037 - 25 46
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Table H-4:  Comparison of median E. coli concentration (cfu/100 mL) for two time periods by site. Where
sample number between periods are approximately equal, increase in median concentration from pre-2012 to
post-2015 is shaded red, decrease is shaded blue. No change is shaded green. Formal significance tests follow

further in this section.

Median concentration

No. of samples

site pre-2013 post-2015 pre-2013 post-2015

Chatto Cr at Manuherikia 140 0 12
Dunstan Cr at Beattie Rd 22.5 40.5 30 38
Hills Cr at SH85 155 7
Ida Burn at Auripo Rd 84 25

Ida Burn at Blackstone H 0

Ida Burn at SH85 8 25

Lauder Cr at Cattle Yard 5.7 10
Lauder Cr at Rail Trail 140 0 12
Manuherikia 20m u/s Thom 180 5
Manuherikia 80m u/s Thom 130 2
Manuherikia at Blackston 345 57.5 26 38
Manuherikia at Galloway _ 96 38
Manuherikia at Larkhill 1 1 0
Manuherikia at Loop Rd . 17 0 20
Manuherikia at Omakau . 98 0 20
Manuherikia at Ophir _ 40 38
Manuherikia d/s Fork 5 19
Manuherikia u/s Chatto C 105 0 20
Manuherikia u/s Ida Burn 0

Pool Burn at Auripo Rd 76 26

Poolburn at Cob Cottage 80 19
Thomsons Cr at Race 21 36
Thomsons Cr at SH85 310 344 24 51
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Table H-5:  Comparison of median turbidity (NTU) for two time periods by site. Where sample number
between periods are approximately equal, increase in median concentration from pre-2012 to post-2015 is
shaded red, decrease is shaded blue. No change is shaded green. Formal significance tests follow further in this
section.

) Median concentration No. of samples
site pre-2013 post-2015 pre-2013 post-2015

Chatto Cr at Manuherikia 1.26 3 1 12
Dunstan Cr at Beattie Rd 0.95 - 11 38
Hills Cr at SH85 . 1.61 . 7
Ida Burn at Auripo Rd 1.93 . 7

Ida Burn at Blackstone H 1.56 . 1

Ida Burn at SH85 0.71 . 7

Lauder Cr at Cattle Yard . 0.725 . 10
Lauder Cr at Rail Trail 3.11 5.2 1 12
Manuherikia 20m u/s Thom . 6.2 . 5
Manuherikia 80m u/s Thom . 2.2 . 1
Manuherikia at Blackston 2.29 2.4 7 38
Manuherikia at Galloway 2.86 - 24 38
Manuherikia at Larkhill . . 0 0
Manuherikia at Loop Rd 1.34 1.245 1 20
Manuherikia at Omakau 1.89 2.7 1 20
Manuherikia at Ophir 3.19 - 24 38
Manuherikia d/s Fork . 0.5 . 19
Manuherikia u/s Chatto C 1.5 3.05 1 20
Manuherikia u/s Ida Burn 2.25 . 1

Pool Burn at Auripo Rd 1.62 . 7

Poolburn at Cob Cottage . 1.99 . 19
Thomsons Cr at Race . 1.57 . 31
Thomsons Cr at SH85 1.77 4 1 46
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ANOVA results — yellow highlighted values indicate statistically meaningful differences

Data were logio transformed to better approximate normal distribution (preferred condition for

meaningful application of an ANOVA test).

Chatto Cr at Manu R Dunstan Cr at Beattie Rd Lauder Cr at Rail Trail

Lauder Cr at yards
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Results for Site = Manu R at Blackstone

Data for the following results were selected according to

SELECT GROUPS$ ="ECOLI_MPN_FCU_100ML" AND PERIOD2$ <>"Middle"
Effects coding used for categorical variables in model.

The categorical values encountered during processing are

Variables Levels
PERIOD2$ (2 levels EarIylLate

1 case(s) are deleted due to missing data.
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Dependent Variablel OG10VAR
N 67

Multiple R 0.23
Squared Multiple R [0.05

Estimates of Effects B = (X'X)

XY
Factor Level LOG10VAR
(CONSTANT 3.72

PERIOD2$ [Early [-0.35

IAnalysis of Variance
Source [Type lll SS|df[Mean Squares|F-Ratio|p-Value

PERIOD2%7.98 1 |7.98 3.57 [0.06
Error 145.26 65/2.23

Least Squares Means

Factor |Leve| LS Mean|Standard Error|N
PERIOD2$IEarIy 3.37 0.28 29.00
PER|0D2$||_ate 4.07 0.24 38.00)

Results for Site = Manu R at Galloway

Data for the following results were selected according to

SELECT GROUPS$ ="ECOLI_MPN_FCU_100ML" AND PERIOD2$ <>"Middle"
Effects coding used for categorical variables in model.

The categorical values encountered during processing are

\Variables Levels
PERIOD2$ (2 levels EarlylLate

1 case(s) are deleted due to missing data.

Dependent VariablgLOG10VAR|
N 156
Multiple R 0.01
Squared Multiple R |1.62E-004

Estimates of Effects B = (X'X)"

XY
Factor Level LOG10VAR
(CONSTANT 4.26

PERIOD2$ [Early (0.02

IAnalysis of Variance
Source IType 11l SS|df |[Mean Squares|F-Ratiolp-Value]

PERIOD2${0.06 1 /0.06 0.02 [0.87
Error 397.93 154{2.58

Least Squares Means
Factor |Leve| LS Mean|Standard Error|N

PERIOD2HEarly [4.29 0.15 118.00]
PERIOD24Late [4.24  [0.26 38.00

Results for Site = Manu R at Ophir

Data for the following results were selected according to

SELECT GROUPS$ ="ECOLI_MPN_FCU_100ML" AND PERIOD2$ <>"Middle"
Effects coding used for categorical variables in model.

The categorical values encountered during processing are
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\Variables Levels
PERIOD2$ (2 levels EarlylLate

1 case(s) are deleted due to missing data.

Dependent VariablgLOG10VAR|
N 84

Multiple R 0.09
Squared Multiple R [0.01

Estimates of Effects B = (X'X)

XY
Factor Level LOG10VAR
(CONSTANT 4.67

PERIOD2$ [Early [-0.14

IAnalysis of Variance
Source |Type Ill SS[df|[Mean Squares|F-Ratiofp-Value]

PERIOD2H1.63 1 ]1.63 0.68 10.41
Error 196.20 82/2.39

Least Squares Means

Factor |Leve| LS Mean|Standard Error|N
PERIOD2$IEarIy 4.53 0.23 46.00)
PER|0D2$||_ate 4.81 0.25 38.00

Results for Site = Dunstan Cr at Beattie Rd

Data for the following results were selected according to

SELECT GROUPS$ ="ECOLI_MPN_FCU_100ML" AND PERIOD2$ <>"Middle"
Effects coding used for categorical variables in model.

The categorical values encountered during processing are

Variables Levels
PERIOD2$ (2 levels EarIylLate

1 case(s) are deleted due to missing data.

Dependent Variablel OG10VAR
N 74

Multiple R 0.35
Squared Multiple R [0.13

Estimates of Effects B = (X'X)

XY
Factor Level LOG10VAR
(CONSTANT 3.40

PERIOD2$ [Early [-0.51

IAnalysis of Variance
Source |Type lll SS[df|[Mean Squares|F-Ratiolp-Value

PERIOD2$19.02 1 19.02 10.31 |[1.98E-003]
Error 132.84 72/1.85

Least Squares Means

Factor |Leve| LS Mean|Standard Error|N
PERIOD231EarIy 2.89 0.23 36.00
PERIOD231Late 3.91 0.22 38.00

Results for Site = Thomsons Cr at SH85
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Data for the following results were selected according to

SELECT GROUPS$ ="ECOLI_MPN_FCU_100ML" AND PERIOD2$ <>"Middle"
Effects coding used for categorical variables in model.

The categorical values encountered during processing are

Variables Levels
PERIOD2$ (2 levels EarlylLate

1 case(s) are deleted due to missing data.

Dependent Variablegl OG10VAR
N 75

Multiple R 0.03
Squared Multiple R |[7.58E-004

Estimates of Effects B = (X'X)

XY
Factor Level LOG10VAR
CONSTANT 5.67

PERIOD2$ |Early |0.05

IAnalysis of Variance
Source IType 1l SS|df IMean Squares|F-Ratio|p-Valug]

PERIOD2${0.15 1 |0.15 0.06 10.81
Error 200.94 732.75

Least Squares Means

Factor |Leve| LS Mean|Standard Error|N
PERIOD2$|EarIy 5.71 0.34 24.00]
PERIOD2$|Late 5.62 0.23 51.00
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Chatto Cr at Manu R

Dunstan Cr at Beattie Rd

Lauder Cr at Rail Trail

Lauder Cr at yards
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Results for Site = Manu R at Blackstone
Data for the following results were selected according to

SELECT GROUPS$ ="DRP_MGL" AND PERIOD2$ <>"Middle"

Effects coding used for categorical variables in model.
The categorical values encountered during processing are

\Variables

Levels

PERIOD2$ (2 levels

Early|Late

Dependent Variable

LOG10VAR|

N

68

Multiple R

0.32

Squared Multiple R

0.11

Late

Early
PERIOD2$
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Estimates of Effects B = (X'X)

XY
Factor Level LOG10VAR
CONSTANT -5.24

PERIOD2$ [Early (0.14

IAnalysis of Variance
Source |Type lll SS/df|[Mean Squares|F-Ratiofp-Value]

PERIOD2H1.36 1 |1.36 7.76 |0.01
Error 11.58 66(0.18

Least Squares Means

Factor |Leve| LS Mean|Standard Error|N
PERIOD2$|EarIy -5.10 0.08 30.00
PERIOD2$|Late -5.38 0.07 38.00

Results for Site = Manu R u/s Chatto Cr

Data for the following results were selected according to
SELECT GROUPS$ ="DRP_MGL" AND PERIOD2$ <>"Middle"
Effects coding used for categorical variables in model.

The categorical values encountered during processing are

Variables Levels
PERIOD2S$ (2 levels EarIy|Late

Dependent VariablgLOG10VAR|
N 46

Multiple R 0.32
Squared Multiple R [0.11

Estimates of Effects B = (X'X)

XY
Factor Level LOG10VAR
[CONSTANT -4.34

PERIOD2$ |Early |0.22

IAnalysis of Variance
Source |Type lll SS[df|[Mean Squares|F-Ratiofp-Value]

PERIOD292.25 1 12.25 5.19 [0.03
Error 19.10 44(0.43

Least Squares Means

Factor |Leve| LS Mean|Standard Error|N
PERIOD2$IEarIy 412  [0.13 26.00
PER|0D2$|Late 457 [0.15 20.00)

Results for Site = Manu R at Galloway

Data for the following results were selected according to
SELECT GROUPS$ ="DRP_MGL" AND PERIOD2$ <>"Middle"
Effects coding used for categorical variables in model.

The categorical values encountered during processing are

\Variables Levels
PERIOD2$ (2 levels EarIylLate

69 case(s) are deleted due to missing data.

Dependent Variablel OG10VAR
N 88
Multiple R 0.21
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Dependent Variablel OG10VAR
Squared Multiple R [0.04

Estimates of Effects B = (X'X)

4%
Factor Level LOG10VAR
CONSTANT -4.52

PERIOD2$ [Early [0.12

IAnalysis of Variance
Source |Type lll SS|df|[Mean Squares|F-Ratiofp-Value]

PERIOD2H1.25 1 ]1.25 3.84 |0.05
Error 27.96 86(0.33

Least Squares Means

Factor |Leve| LS Mean|Standard Error|N
PERIOD2$|EarIy -4.40  [0.08 50.00)
PERIOD2$ILate -4.64  [0.09 38.00)

Results for Site = Manu R at Ophir
Data for the following results were selected according to

SELECT GROUP$ ="DRP_MGL" AND PERIOD2$ <>"Middle"

Effects coding used for categorical variables in model.
The categorical values encountered during processing are

Variables Levels
PERIOD2$ (2 levels EarlylLate

Dependent VariablgLOG10VAR|
N 85

Multiple R 0.23
Squared Multiple R [0.05

Estimates of Effects B = (X'X)

XY
Factor Level LOG10VAR
(CONSTANT -4.30

PERIOD2$ |Early |0.18

IAnalysis of Variance
Source [Type Il SS|df[Mean Squares|F-Ratio|p-Value

PERIOD292.62 1 2.62 4.82 10.03
Error 45.08 830.54

Least Squares Means

Factor |Leve| LS Mean|Standard Error|N
PERIOD2$IEarIy 412|011 47.00)
PER|0D2$|Late 448 [0.12 38.00)

Results for Site = Manu R at Omakau
Data for the following results were selected according to

SELECT GROUPS$ ="DRP_MGL" AND PERIOD2$ <>"Middle"

Effects coding used for categorical variables in model.
The categorical values encountered during processing are

\Variables Levels
PERIOD2$ (2 levels EarIylLate
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Dependent Variablel OG10VAR
N 46

Multiple R 0.35
Squared Multiple R [0.12

Estimates of Effects B = (X'X)

XY
Factor Level LOG10VAR
(CONSTANT -4.59

PERIOD2$ [Early [0.22

IAnalysis of Variance
Source [Type lll SS|df[Mean Squares|F-Ratio|p-Value

PERIOD2$2.13 1 12.13 6.24 |0.02
Error 14.98 44/0.34

Least Squares Means

Factor |Leve| LS Mean|Standard Error|N
PERIOD2$|EarIy -4.37  |0.11 26.00)
PERIOD2$|Late -4.80 0.13 20.00

Results for Site = Dunstan Cr at Beattie Rd

Data for the following results were selected according to
SELECT GROUPS$ ="DRP_MGL" AND PERIOD2$ <>"Middle"
Effects coding used for categorical variables in model.

The categorical values encountered during processing are

\Variables Levels
PERIOD2S (2 levels EarIylLate

1 case(s) are deleted due to missing data.

Dependent VariablgLOG10VAR|
N 74

Multiple R 0.52
Squared Multiple R [0.27

Estimates of Effects B = (X'X)

XY
Factor Level LOG10VAR
(CONSTANT -5.35

PERIOD2$ |Early |0.23

IAnalysis of Variance
Source I‘I’ype 1l SS|df Mean Squares|F-Ratio|p-Value

PERIOD2$|3.98 1 [3.98 26.69 |2.05E-006
Error 10.73 72/0.15

Least Squares Means

Factor |Leve| LS Mean|Standard Error|N
PERIOD2$|EarIy 5.12 [0.06 36.00)
PERIOD2$|Late 558  |0.06 38.00)

Results for Site = Manu R at Loop Road

Data for the following results were selected according to
SELECT GROUPS$ ="DRP_MGL" AND PERIOD2$ <>"Middle"
Effects coding used for categorical variables in model.

The categorical values encountered during processing are
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Variables

Levels

PERIOD2$ (2 levels

EarlylLate

Dependent Variabl

LOG10VAR|

N 46

Multiple R

0.60

Squared Multiple R

0.36

Estimates of Effects B = (X'X)

XY

Factor Level LOG10VAR
[CONSTANT -5.52
PERIOD2$ [Early (0.34

IAnalysis of Variance

Source |Type lll SS[df|[Mean Squares|F-Ratio|p-Value
PERIOD2$5.28 1 /5.28 25.21 |8.99E-006
Error 9.22 440.21

Least Squares Means
Factor |Leve| LS Mean|Standard Error|N

PERIOD2$|EarIy 5.

18 0.09

26.00

PERIOD2$|Late 586 [0.10

20.00

Results for Site = Thomsons Cr at SH85
Data for the following results were selected according to

SELECT GROUP$ ="DRP_MGL" AND PERIOD2$ <>"Middle"

Effects coding used for categorical variables in model.
The categorical values encountered during processing are

Variables

Levels

PERIOD2S$ (2 levels EarIy|Late

Dependent Variabl

LOG10VAR

N

71

Multiple R

0.20

Squared Multiple R

0.04

Estimates of Effects B = (X'X)

XY

Factor Level LOG10VAR
(CONSTANT -3.64
PERIOD2$ |Early |0.23

5 case(s) are deleted due to missing data.

IAnalysis of Variance

Source [Type Il SS|df[Mean Squares|F-Ratio|p-Value
PERIOD2$3.51 1 |3.51 2.99 0.09
Error 81.00 69/1.17

Least Squares Means

Factor LevellLS Mean|Standard Error|N
PERIOD24Early |-3.41 0.22 25.00]
PERIOD2$|Late -3.88 0.16 46.00)

Results for Site = Lauder Cr at Rail Trail
Data for the following results were selected according to

SELECT GROUPS$ ="DRP_MGL" AND PERIOD2$ <>"Middle"
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Effects coding used for categorical variables in model.
The categorical values encountered during processing are

Variables Levels
PERIOD2$ (2 levels EarlylLate

Dependent Variablgl OG10VAR
N 38

Multiple R 2.11E-003
Squared Multiple R |4.47E-006

Estimates of Effects B = (X'X)

XY
Factor Level LOG10VAR
CONSTANT -4.47

PERIOD2$ [Early [-1.69E-003

IAnalysis of Variance
Source IType 11l SS|dfIMean Squares|F-Ratio  [p-Valug]

PERIOD2${9.38E-005 |1 [9.38E-005 1.61E-004{0.99
Error 20.98 36/0.58

Least Squares Means

Factor |Leve| LS Mean|Standard Error|N
PERIODZanrIy -4.48 0.15 26.00f
PERIODZqLate -4.47 0.22 12.00

Results for Site = Chatto Cr at Manu R

Data for the following results were selected according to
SELECT GROUPS$ ="DRP_MGL" AND PERIOD2$ <>"Middle"
Effects coding used for categorical variables in model.

The categorical values encountered during processing are

\Variables Levels
PERIOD2S$ (2 levels EarIyILate

Dependent VariablgLOG10VAR|
N 38

Multiple R 0.21
Squared Multiple R [0.04

Estimates of Effects B = (X'X)

XY
Factor Level LOG10VAR
[CONSTANT -3.97

PERIOD2$ |Early |0.13

IAnalysis of Variance
Source IType 11l SS|df|Mean Squares|F-Ratio|p-Value

PERIOD2${0.56 1 |0.56 1.67 |0.20
Error 12.07 36(0.34

Least Squares Means

Factor |Leve| LS Mean|Standard Error|N
PERIOD2$IEarIy 384 [0.11 26.00
PER|ODZ$|Late 411 |0.17 12.00)
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Chatto Cr at Manu R Dunstan Cr at Beattie Rd Lauder Cr at Rail Trail

Lauder Cr at yards
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Results for Site = Manu R at Blackstone

Data for the following results were selected according to
SELECT GROUPS$ ="NNN_MGL" AND PERIOD2$ <>"Middle"
Effects coding used for categorical variables in model.

The categorical values encountered during processing are

Variables Levels
PERIOD2$ (2 levels)Early|Late]

Dependent Variablegl OG10VAR
N 68

Multiple R 0.25
Squared Multiple R [0.06
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Estimates of Effects B = (X'X)

XY

Factor Level LOG10VAR
CONSTANT -4.82
PERIOD2$ [|Early |0.36

IAnalysis of Variance

Source IType 11l SS|df|Mean Squares|F-Ratiojp-Value
PERIOD2$8.62 1 18.62 4.51 0.04
Error 126.26 66/1.91

Least Squares Means

Factor |Leve| LS Mean|Standard Error|N
PERIOD2$|EarIy -4.46 0.25 30.00
PERIOD2$|Late -5.18 0.22 38.00

Results for Site = Manu R u/s Chatto Cr

Data for the following results were selected according to
SELECT GROUPS$ ="NNN_MGL" AND PERIOD2$ <>"Middle"
Effects coding used for categorical variables in model.

The categorical values encountered during processing are

Variables

Levels

PERIOD2$ (2 levels

EarIy|Late

Dependent Variabl

LOG10VAR|

N

46

Multiple R

0.07

Squared Multiple R

4.33E-003

Estimates of Effects B = (X'X)

XY

Factor Level LOG10VAR
CONSTANT -3.47
PERIOD2$ |Early |0.09

IAnalysis of Variance

Source IType 11l SS|df|Mean Squares|F-Ratio|p-Value
PERIOD2$0.39 1 /0.39 0.19 [0.66
Error 90.29 4412.05

Least Squares Means

Factor |Leve| LS Mean|Standard Error|N
PERIOD2$IEarIy 337 [0.28 26.00
PER|0D2$|Late 356 |0.32 20.00)

Results for Site = Manu R at Galloway

Data for the following results were selected according to
SELECT GROUPS$ ="NNN_MGL" AND PERIOD2$ <>"Middle"
Effects coding used for categorical variables in model.

The categorical values encountered during processing are

\Variables

Levels

PERIOD2$ (2 levels

EarIylLate

69 case(s) are deleted due to missing data.

Dependent Variablel OG10VAR

N 88

Multiple R 0.08
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Dependent Variabl

LOG10VAR

Squared Multiple R

0.01

Estimates of Effect
XY

s B = (X'X)

Factor Level LOG10VAR
CONSTANT -3.53
PERIOD2$ [Early |0.11

IAnalysis of Variance

Source IType 11l SS|df|Mean Squares|F-Ratiojp-Value
PERIOD2H0.97 1 10.97 0.59 [0.45
Error 142.45 86/1.66

Factor |Leve| LS

Least Squares Means
Mean|Standard Error|N

PERIOD2$|EarIy -3.43  [0.18

50.00)

PERIODZqLate -3.64 0.21

38.00)

Results for Site = Manu R at Ophir
Data for the following results were selected according to

SELECT GROUP$ ="NNN_MGL" AND PERIOD2$ <>"Middle"

Effects coding used for categorical variables in model.
The categorical values encountered during processing are

Variables

Levels

PERIOD2$ (2 levels

EarlylLate

Dependent Variabl

LOG10VAR|

N

85

Multiple R

0.11

Squared Multiple R

0.01

Estimates of Effects B = (X'X)

XY

Factor Level LOG10VAR
(CONSTANT -2.98
PERIOD2$ [Early |-0.11

IAnalysis of Variance

Source IType 11l SS|df IMean Squares|F-Ratio|p-Valug]
PERIOD2H0.97 1 (0.97 0.94 [0.33
Error 85.35 83/1.03

Least Squares Means
Factor |Leve| LS Mean|Standard Error|N

PERIOD2$IEarIy 309 [0.15

47.00)

PER|0D2$|Late 287 [0.16

38.00)

Results for Site = Manu R at Omakau
Data for the following results were selected according to

SELECT GROUP$ ="NNN_MGL" AND PERIOD2$ <>"Middle"

Effects coding used for categorical variables in model.
The categorical values encountered during processing are

\Variables

Levels

PERIOD2$ (2 levels EarIylLate
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Dependent Variablel OG10VAR
N 46

Multiple R 0.02
Squared Multiple R |3.62E-004

Estimates of Effects B = (X'X)

XY
Factor Level LOG10VAR
(CONSTANT -3.52

PERIOD2$ [Early |0.03

IAnalysis of Variance
Source I‘I’ype 1l SS|df IMean Squares|F-Ratio|p-Valug]

PERIOD2${0.03 1 |0.03 0.02 10.90
Error 78.77 4411.79

Least Squares Means

Factor |Leve| LS Mean|Standard Error|N
PERIOD2$|EarIy 349 [0.26 26.00)
PERIOD2$|Late -3.54  0.30 20.00

Results for Site = Dunstan Cr at Beattie Rd

Data for the following results were selected according to
SELECT GROUPS$ ="NNN_MGL" AND PERIOD2$ <>"Middle"
Effects coding used for categorical variables in model.

The categorical values encountered during processing are

Variables Levels
PERIOD2S$ (2 levels EarIy|Late

1 case(s) are deleted due to missing data.

Dependent VariablgLOG10VAR|
N 74

Multiple R 0.30
Squared Multiple R [0.09

Estimates of Effects B = (X'X)

XY
Factor Level LOG10VAR
(CONSTANT -2.95

PERIOD2$ |Early [-0.25

IAnalysis of Variance
Source [Type Il SS|df[Mean Squares|F-Ratio|p-Value

PERIOD2H4.46 1 14.46 7.23 [0.01
Error 44.41 72|0.62

Least Squares Means

Factor |Leve| LS Mean|Standard Error|N
PERIOD2$IEarIy 319 [0.13 36.00
PERIOD2$ILate 270 [0.13 38.00)

Results for Site = Manu R at Loop Road

Data for the following results were selected according to
SELECT GROUPS$ ="NNN_MGL" AND PERIOD2$ <>"Middle"
Effects coding used for categorical variables in model.

The categorical values encountered during processing are
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Variables

Levels

PERIOD2$ (2 levels

EarlylLate

Dependent Variabl

LOG10VAR|

N 46

Multiple R

0.52

Squared Multiple R

0.27

Estimates of Effects B = (X'X)

XY

Factor Level LOG10VAR
[CONSTANT -5.36
PERIOD2$ [Early |0.63

IAnalysis of Variance

Source |Type lll SS[df|[Mean Squares|F-Ratio|p-Value
PERIOD2§17.99 1 |17.99 16.23 [2.19E-004
Error 48.80 441.11

Least Squares Means
Factor |Leve| LS Mean|Standard Error|N

PERIOD2$|EarIy -4,

73 0.21

26.00

PERIOD2$|Late -5.99 0.24

20.00

Results for Site = Thomsons Cr at SH85
Data for the following results were selected according to

SELECT GROUP$ ="NNN_MGL" AND PERIOD2$ <>"Middle"

Effects coding used for categorical variables in model.
The categorical values encountered during processing are

Variables

Levels

PERIOD2S$ (2 levels EarIy|Late

Dependent Variabl

LOG10VAR

N

71

Multiple R

0.19

Squared Multiple R

0.04

Estimates of Effects B = (X'X)

XY

Factor Level LOG10VAR
(CONSTANT -2.62
PERIOD2$ |Early |-0.26

5 case(s) are deleted due to missing data.

IAnalysis of Variance

Source [Type Il SS|df[Mean Squares|F-Ratio|p-Value
PERIOD2%4.42 1 14.42 2.60 [0.11
Error 117.44 69/1.70

Least Squares Means

Factor LevellLS Mean|Standard Error|N
PERIOD2$Early |-2.88 0.26 25.00)
PERIOD2$|Late -2.36 0.19 46.00)

Results for Site = Lauder Cr at Rail Trail
Data for the following results were selected according to

SELECT GROUP$ ="NNN_MGL" AND PERIOD2$ <>"Middle"
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Effects coding used for categorical variables in model.
The categorical values encountered during processing are

Variables Levels
PERIOD2$ (2 levels EarlylLate

Dependent Variablgl OG10VAR
N 38

Multiple R 0.24
Squared Multiple R [0.06

Estimates of Effects B = (X'X)

XY
Factor Level LOG10VAR
CONSTANT -4.50

PERIOD2$ [Early [0.34

IAnalysis of Variance
Source |Type lll SS[df|[Mean Squares|F-Ratiofp-Value]

PERIOD2$3.76 1 13.76 2.23 [0.14
Error 60.67 36/1.69

Least Squares Means

Factor |Leve| LS Mean|Standard Error|N
PERIODZanrIy -4.16 0.25 26.00f
PERIODZqLate -4.84 0.37 12.00

Results for Site = Chatto Cr at Manu R

Data for the following results were selected according to
SELECT GROUPS$ ="NNN_MGL" AND PERIOD2$ <>"Middle"
Effects coding used for categorical variables in model.

The categorical values encountered during processing are

Variables Levels
PERIOD2S$ (2 levels EarIy|Late

Dependent VariablgLOG10VAR|
N 38

Multiple R 0.45
Squared Multiple R [0.20

Estimates of Effects B = (X'X)

XY
Factor Level LOG10VAR
CONSTANT -2.26

PERIOD2$ |Early (0.34

IAnalysis of Variance
Source |Type lll SS[df|[Mean Squares|F-Ratio|p-Value

PERIOD293.77 1 3.77 9.14 |4.59E-003
Error 14.85 36/0.41

Least Squares Means

Factor |Leve| LS Mean|Standard Error|N
PERIOD2$|EarIy 192 [0.13 26.00
PERIOD2$|Late -2.60 0.19 12.00)
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Results for Site = Manu R at Blackstone
Data for the following results were selected according to
SELECT GROUPS$ ="TURB_NTU" AND PERIOD2$ <>"Middle"

Effects coding used
The categorical valu

for categorical variables in model.
es encountered during processing are

Variables

Levels

PERIOD2$ (2 levels)Early|Late]

20 case(s) are deleted due to missing data.

Dependent Variable

LOG10VAR|

N

48

Multiple R

0.02

Squared Multiple R

4.52E-004

Early Late
PERIOD2$
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Estimates of Effects B = (X'X)

XY
Factor Level LOG10VAR
CONSTANT 1.30

PERIOD2$ [Early [-0.03

IAnalysis of Variance
Source IType 11l SS|df|Mean Squares|F-Ratiojp-Value

PERIOD2${0.03 1 |0.03 0.02 10.89
Error 73.46 46/1.60

Least Squares Means

Factor |Leve| LS Mean|Standard Error|N
PERIOD2$|EarIy 1.27 0.40 10.00]
PERIOquLate 1.33 0.21 38.00

Results for Site = Manu R u/s Chatto Cr

Data for the following results were selected according to
SELECT GROUPS$ ="TURB_NTU" AND PERIOD2$ <>"Middle"
Effects coding used for categorical variables in model.

The categorical values encountered during processing are

Variables Levels
PERIOD2S$ (2 levels EarIy|Late

25 case(s) are deleted due to missing data.

Dependent Variablel OG10VAR
N 21

Multiple R 0.17
Squared Multiple R [0.03

Estimates of Effects B = (X'X)"

XY
Factor Level LOG10VAR
CONSTANT 1.05

PERIOD2$ |Early |-0.64

IAnalysis of Variance
Source [Type Il SS|df[Mean Squares|F-Ratio|p-Value

PERIOD241.57 1 |1.57 0.55 0.47
Error 53.67 19)2.82

Least Squares Means

Factor |Leve| LS Mean|Standard Error|N
PERIOD2$|EarIy 0.41 1.68 1.00
PERIOD2$|Late 1.69 0.38 20.00)

Results for Site = Manu R at Galloway

Data for the following results were selected according to
SELECT GROUPS$ ="TURB_NTU" AND PERIOD2$ <>"Middle"
Effects coding used for categorical variables in model.

The categorical values encountered during processing are

\Variables Levels
PERIOD2S$ (2 levels EarIyILate

86 case(s) are deleted due to missing data.
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Dependent Variablel OG10VAR
N 71

Multiple R 0.05
Squared Multiple R [2.31E-003

Estimates of Effects B = (X'X)

XY
Factor Level LOG10VAR
(CONSTANT 1.50

PERIOD2$ [Early [-0.07

IAnalysis of Variance
Source I‘I’ype 1l SS|df IMean Squares|F-Ratio|p-Valug]

PERIOD2H0.31 1 (0.31 0.16 |0.69
Error 131.70 69/1.91

Least Squares Means

Factor |Leve| LS Mean|Standard Error|N
PERIOD2$|EarIy 1.44 0.24 33.00
PERIOD2$|Late 1.57 0.22 38.00

Results for Site = Manu R at Ophir

Data for the following results were selected according to
SELECT GROUPS$ ="TURB_NTU" AND PERIOD2$ <>"Middle"
Effects coding used for categorical variables in model.

The categorical values encountered during processing are

\Variables Levels
PERIOD2S$ (2 levels EarIy|Late

17 case(s) are deleted due to missing data.

Dependent VariablgLOG10VAR|
N 68

Multiple R 0.02
Squared Multiple R [5.73E-004

Estimates of Effects B = (X'X)

XY
Factor Level LOG10VAR
(CONSTANT 1.49

PERIOD2$ |Early [-0.03

IAnalysis of Variance
Source IType 11l SS|df IMean Squares|F-Ratio|p-Valug]

PERIOD2${0.06 1 [0.06 0.04 [0.85
Error 100.87 66[1.53

Least Squares Means

Factor |Leve| LS Mean|Standard Error|N
PERIOD2$IEarIy 1.46 0.23 30.00
PERIOD2$ILate 1.52 0.20 38.00)

Results for Site = Manu R at Omakau

Data for the following results were selected according to
SELECT GROUP$ ="TURB_NTU" AND PERIOD2$ <>"Middle"
Effects coding used for categorical variables in model.

The categorical values encountered during processing are
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\Variables

Levels

PERIOD2$ (2 levels

EarlylLate

Dependent Variabl

LOG10VAR

N

21

Multiple R

0.13

Squared Multiple R

0.02

Estimates of Effects B = (X'X)

XY

Factor Level LOG10VAR
(CONSTANT 1.07
PERIOD2$ [Early -0.43

25 case(s) are deleted due to missing data.

IAnalysis of Variance

Source IType 11l SS|df|Mean Squares|F-Ratio|p-Value
PERIOD2$0.72 1[0.72 031 [0.59
Error 44.42 192.34

Least Squares Means

Factor |Leve| LS Mean|Standard Error|N
PERIOD2$IEarIy 0.64 1.53 1.00
PER|0D2$||_ate 1.50 0.34 20.00)

Results for Site = Dunstan Cr at Beattie Rd
Data for the following results were selected according to

SELECT GROUPS$ ="TURB_NTU" AND PERIOD2$ <>"Middle"

Effects coding used for categorical variables in model.
The categorical values encountered during processing are

Variables

Levels

PERIOD2$ (2 levels

EarIylLate

Dependent Variablgl OG10VAR
N 55
Multiple R 0.16

Squared Multiple R

0.03

Estimates of Effects B = (X'X)"

20 case(s) are deleted due to missing data.

XY

Factor Level [LOG10VAR

CONSTANT 0.12

PERIOD2$ |Early [-0.19

IAnalysis of Variance

Source [Type Il SS|df[Mean Squares|F-Ratio|p-Value
PERIOD24H1.70 1 |1.70 145 [0.23
Error 62.29 53/1.18

Least Squares Means

Factor LevellLS Mean|Standard Error|N
PERIOD24Early |-0.07 0.26 17.00)
PERIOD2$Late |0.31 0.18 38.00]

Results for Site = Manu R at Loop Road
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Data for the following results were selected according to

SELECT GROUPS$ ="TURB_NTU" AND PERIOD2$ <>"Middle"

Effects coding used for categorical variables in model.
The categorical values encountered during processing are

Variables

Levels

PERIOD2$ (2 levels EarlylLate

Dependent Variablegl OG10VAR
N 21
Multiple R 0.03

Squared Multiple R

1.15E-003

Estimates of Effects B = (X'X)

XY

Factor Level LOG10VAR
CONSTANT 0.37
PERIOD2$ |Early |-0.07

25 case(s) are deleted due to missing data.

IAnalysis of Variance

Source IType 11l SS|df IMean Squares|F-Ratio|p-Valug]
PERIOD2$0.02 1 [0.02 0.02 [0.88
Error 17.44 19/0.92

Least Squares Means
Factor |Leve| LS Mean

Standard Error|N

PERIOD2$|EarIy 0.29 0.96

1.00

PERIOD2$|Late 0.44 0.21

20.00)

Results for Site = Thomsons Cr at SH85
Data for the following results were selected according to

SELECT GROUP$ ="TURB_NTU" AND PERIOD2$ <>"Middle"

Effects coding used for categorical variables in model.
The categorical values encountered during processing are

\Variables

Levels

PERIOD2S$ (2 levels EarIy|Late

Dependent Variabl

LOG10VAR|

N

47

Multiple R

0.15

Squared Multiple R

0.02

Estimates of Effects B = (X'X)

XY

Factor Level LOG10VAR
CONSTANT 1.07
PERIOD2$ |Early |-0.50

29 case(s) are deleted due to missing data.

IAnalysis of Variance

Source IType 1l SS|df IMean Squares|F-Ratio|p-Value]
PERIOD2$0.98 1 |0.98 1.10 [0.30
Error 40.08 45/0.89
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Least Squares Means

Factor |Leve| LS Mean|Standard Error|N
PERIOD2$|EarIy 0.57 0.94 1.00
PERIODZSEILate 1.57 0.14 46.00

Results for Site = Lauder Cr at Rail Trail

Data for the following results were selected according to
SELECT GROUP$ ="TURB_NTU" AND PERIOD2$ <>"Middle"
Effects coding used for categorical variables in model.

The categorical values encountered during processing are

Variables Levels
PERIOD2$ (2 levels EarlylLate

25 case(s) are deleted due to missing data.

Dependent VariablgLOG10VAR|
N 13

Multiple R 0.27
Squared Multiple R [0.07

Estimates of Effects B = (X'X)

XY
Factor Level LOG10VAR
[CONSTANT 1.43

PERIOD2$ [Early [-0.29

IAnalysis of Variance
Source IType 11l SS|df|Mean Squares|F-Ratio|p-Value

PERIOD2${0.32 1 0.32 0.85 [0.38
Error 4.14 11/0.38

Least Squares Means

Factor |Leve| LS Mean|Standard Error|N
PERIOquEarIy 1.13 0.61 1.00
PERIOquLate 1.72 0.18 12.00

Results for Site = Chatto Cr at Manu R

Data for the following results were selected according to
SELECT GROUPS$ ="TURB_NTU" AND PERIOD2$ <>"Middle"
Effects coding used for categorical variables in model.

The categorical values encountered during processing are

\Variables Levels
PERIOD2S$ (2 levels EarIyILate

25 case(s) are deleted due to missing data.

Dependent Variablel OG10VAR
N 13

Multiple R 0.32
Squared Multiple R [0.10

Estimates of Effects B = (X'X)

XY
Factor Level LOG10VAR
CONSTANT 0.60

PERIOD2$ |Early [-0.37

140 Review of water quality and ecological data for the Manuherikia River catchment



IAnalysis of Variance

Source I‘I’ype 1l SS|df IMean Squares|F-Ratio|p-Valug]
PERIOD2H0.50 1 |0.50 1.25 [0.29
Error 4.40 11/0.40

Least Squares Means
Factor |Leve| LS Mean

Standard Error|N

PERIOD2$|EarIy 0.23

0.63

1.00

PERloozsqLate 0.97

0.18

12.00
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Appendix | DRP and NNN flux estimates
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Chatto Creek at Manu R Dunstan Cr at Beattie Rd Lauder Cr at Rail Trail Manu R at Galloway
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Figure I-1:  Monthly NNN flux estimates. Values derived from the LOADEST modelling suite.
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Figure I-2:  Monthly DRP flux estimates. Values derived from the LOADEST modelling suite.
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Table I-1:

Mean annual NNN load expressed in kg/d. Estimate derived from AMLE model in LOADEST suite.
ANote loads for 2019 based on incomplete data.

Mean NNN load (kg/d)

e 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019~

Chatto Creek at Manu R 5.9 12.2 7.5 4.3 6.2 1.0
Dunstan Cr at Beattie Rd 150 33.7 19.1 253 179 525 197 16.1 251 457 728 4.0
Lauder Cr at Rail Trail 33 9.7 13 2.2 4.3 0.1
Manu R at Galloway 85.1 1920.2 452.2 1435.0 207.9 2709.2 139.7 110.0 107.6 503.6 6519 3.5
Manu R at Omakau 13.7 284.4 366.2 1689.7 451.5 6795.7 371.5 2285 1949 421.7 2969 1.2
Manu R at Ophir 101.3 149.5 194.7 232.4 166.2 374.0 132.8 1014 107.4 181.6 291.1 11.1
Manu R u/s Chatto Cr 22.1 432.1 4441 1161.8 454.5 3105.8 398.3 262.7 135.6 231.1 1231 1.2
Poolburn Cobb Cottage 1.7 4.6 10.9 3.6 10.8 18.1 440 0.8
Thomsons Cr SH85 93 142 538 76 186 505 3.0
Table I-2: Mean annual DRP load expressed in kg/d. Estimate derived from AMLE model in LOADEST

suite. *Note loads for 2019 based on incomplete data.

Mean DRP load (kg/d)

Ste 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019*
Chatto Creek at Manu R 1.2 1.2 1.1 0.9 2.1 1.3
Dunstan Cr at Beattie Rd 1.6 1.9 1.8 2.4 1.9 2.3 13 0.9 1.1 1.3 1.9 0.2
Lauder Cr at Rail Trail 0.6 11 0.7 0.9 3.4 0.8
Manu R at Galloway 179 327 214 446 249 38.0 128 8.4 10.5 12.8 36.1 2.9
Manu R at Omakau 7.1 16,5 21.0 53.1 36.0 47.7 17.2 9.9 11.8 9.6 23.1 1.8
Manu R at Ophir 129 254 238 603 365 469 170 107 155 13.8 576 5.0
Manu R u/s Chatto Cr 26.4 40.8 259 554 31.8 401 14.2 8.7 11.2 123 37.6 3.4
Thomsons Cr SH85 3.3 2.4 5.1 13 1.1 2.8 1.4
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Table I-3: Mean annual NNN and DRP load for Dunstan Creek at Beattie Rd expressed in kg/d. Estimates
derived from grab samples and AMLE model in LOADEST suite.

Load estimate (kg/d)

Statistic DRP load DRP load NNN load NNN load
[AMLE] [Grab] [AMLE] [Grab]
N of Cases 4094 107 4094 107
Minimum 0.02 0.04 0.21 0.27
Maximum 117.8 11.8 5749.3 789.0
Median 1.0 1.0 11.2 6.4
Mean 1.7 14 30.8 30.9
Standard Error of Mean 0.0 0.2 2.0 8.0
95.0% LCL of Mean 1.6 11 26.9 15.1
95.0% UCL of Mean 1.7 1.8 34.8 46.8
Standard Deviation 3.1 1.7 128.4 82.7

Cleveland percentiles

1.00% 0.1 0.0 0.6 0.3
5.00% 0.1 0.1 0.9 0.5
10.00% 0.2 0.1 13 0.9
20.00% 0.3 0.3 2.3 1.9
25.00% 0.5 0.4 3.1 2.3
30.00% 0.6 0.5 4.3 2.5
40.00% 0.8 0.8 7.9 4.8
50.00% 1.0 1.0 11.2 6.4
60.00% 1.3 1.2 15.2 12.0
70.00% 1.6 14 20.7 26.0
75.00% 1.9 1.7 24.7 27.9
80.00% 2.2 2.1 30.5 37.4
90.00% 3.2 3.1 55.9 75.9
95.00% 4.7 5.1 97.8 139.1
99.00% 11.7 9.2 368.2 432.4
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Table 1-4: Mean annual DRP load for Pool Burn at Cobb Cottage expressed in kg/d. Estimates derived
from grab samples and AMLE model in LOADEST suite.

Load estimate (kg/d)

Statistic DRP load DRP load NNN load NNN load
[AMLE] [Grab] [AMLE] [Grab]
N of Cases 0 19 1997 19
Minimum . 0.17 0.00 0.01
Maximum . 87.4 1296.0 443.1
Median . 1.3 1.8 2.2
Mean . 7.6 16.0 333
Standard Error of Mean . 4.5 1.5 23.2
95.0% LCL of Mean -1.9 13.1 -15.5
95.0% UCL of Mean 17.2 18.8 82.2
Standard Deviation . 19.8 65.1 101.3

Cleveland percentiles

1.00% . 0.2 0.0 0.0
5.00% . 0.2 0.0 0.0
10.00% . 0.3 0.0 0.0
20.00% . 0.6 0.0 0.1
25.00% . 0.6 0.0 0.2
30.00% . 0.7 0.1 0.4
40.00% . 0.9 0.3 1.4
50.00% . 1.3 1.8 2.2
60.00% . 15 3.6 4.0
70.00% . 2.0 7.8 8.5
75.00% . 6.5 11.0 14.3
80.00% . 8.7 15.0 20.6
90.00% . 13.4 29.4 65.9
95.00% . 54.1 61.5 281.9
99.00% . 87.4 232.9 443.1
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Table I-5: Mean annual NNN and DRP load for Lauder Creek at Rail Trail expressed in kg/d. Estimates
derived from grab samples and AMLE model in LOADEST suite.

Load estimate (kg/d)

Statistic DRP load DRP load NNN load NNN load
[AMLE] [Grab] [AMLE] [Grab]
N of Cases 1484 38 1484 38
Minimum 0.00 0.06 0.00 0.02
Maximum 39.7 17.2 144.9 133.0
Median 0.6 0.6 1.0 0.6
Mean 1.5 1.3 3.8 7.7
Standard Error of Mean 0.1 0.5 0.2 3.7
95.0% LCL of Mean 1.4 0.4 33 0.2
95.0% UCL of Mean 1.6 2.2 4.2 15.2
Standard Deviation 2.6 2.8 8.8 22.7

Cleveland percentiles

1.00% 0.0 0.1 0.0 0.0
5.00% 0.1 0.1 0.0 0.0
10.00% 0.1 0.1 0.0 0.1
20.00% 0.3 0.2 0.1 0.1
25.00% 0.3 0.3 0.1 0.1
30.00% 0.4 0.3 0.2 0.1
40.00% 0.5 0.5 0.5 0.2
50.00% 0.6 0.6 1.0 0.6
60.00% 0.8 0.8 1.6 1.0
70.00% 1.2 11 2.8 1.9
75.00% 1.5 1.2 3.9 3.0
80.00% 1.9 14 5.2 7.5
90.00% 3.7 1.7 9.5 24.1
95.00% 5.8 3.7 16.4 35.0
99.00% 13.3 17.2 37.7 133.0
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Table I1-6: Mean annual NNN and DRP load for Manuherikia River at Omakau expressed in kg/d.
Estimates derived from grab samples and AMLE model in LOADEST suite.

Load estimate (kg/d)

Statistic DRP load DRP load NNN load NNN load
[AMLE] [Grab] [AMLE] [Grab]
N of Cases 4094 46 4094 46
Minimum 0.8 1.2 0.2 0.6
Maximum 1866.5 170.8 554440.0 2650.7
Median 7.9 6.3 34.2 11.2
Mean 22.7 17.1 1002.7 197.6
Standard Error of Mean 13 4.8 214.6 71.9
95.0% LCL of Mean 20.1 7.4 581.9 52.9
95.0% UCL of Mean 25.3 26.8 1423.5 342.3
Standard Deviation 84.6 32.7 13733.7 487.3

Cleveland percentiles

1.00% 13 1.2 0.3 0.6
5.00% 1.9 1.9 14 1.9
10.00% 2.8 2.1 3.0 2.4
20.00% 3.7 2.6 7.5 3.2
25.00% 4.0 3.3 10.4 3.6
30.00% 4.5 3.5 12.6 4.1
40.00% 5.9 5.2 19.3 6.8
50.00% 7.9 6.3 34.2 11.2
60.00% 10.1 7.8 62.2 17.6
70.00% 13.5 11.6 108.7 43.2
75.00% 16.6 13.1 149.0 176.7
80.00% 20.0 13.8 205.1 264.0
90.00% 34.8 36.2 495.4 417.1
95.00% 60.4 102.2 1129.6 1174.2
99.00% 313.9 170.8 9730.9 2650.7
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Table I-7: Mean annual NNN and DRP load for Thomson Creek expressed in kg/d. Estimates derived from
grab samples and AMLE model in LOADEST suite.

Load estimate (kg/d)

Statistic DRP load DRP load NNN load NNN load
[AMLE] [Grab] [AMLE] [Grab]
N of Cases 1632 65 1632 65
Minimum 0.01 0.01 0.00 0.00
Maximum 42.4 156.5 553.7 887.0
Median 1.5 0.8 7.4 6.9
Mean 2.2 4.2 20.9 28.4
Standard Error of Mean 0.1 24 0.9 13.6
95.0% LCL of Mean 2.1 -0.7 19.1 1.1
95.0% UCL of Mean 2.3 9.0 22.8 55.7
Standard Deviation 25 194 38.0 110.0

Cleveland percentiles

1.00% 0.1 0.0 0.0 0.0
5.00% 0.4 0.3 0.2 0.1
10.00% 0.5 0.3 0.4 0.1
20.00% 0.7 0.4 0.8 0.6
25.00% 0.8 0.5 14 0.8
30.00% 0.9 0.6 1.9 1.5
40.00% 11 0.7 4.1 3.8
50.00% 15 0.8 7.4 6.9
60.00% 1.9 1.0 11.4 10.6
70.00% 2.3 1.3 19.7 17.6
75.00% 2.7 1.6 27.1 22.2
80.00% 3.2 2.3 354 27.6
90.00% 5.1 4.4 57.6 48.7
95.00% 6.6 9.1 74.6 65.5
99.00% 11.6 135.9 173.5 768.5

150 Review of water quality and ecological data for the Manuherikia River catchment



Table I-8:

derived from grab samples and AMLE model in LOADEST suite.

Mean annual NNN and DRP load for Manuherikia River at Ophir expressed in kg/d. Estimates

Load estimate (kg/d)

Statistic DRP load DRP load NNN load NNN load
[AMLE] [Grab] [AMLE] [Grab]
N of Cases 4094 118 4094 118
Minimum 3.0 1.6 1.5 1.0
Maximum 3382.3 287.0 12538.0 2415.1
Median 9.6 9.1 66.6 36.2
Mean 28.7 213 182.4 178.2
Standard Error of Mean 2.0 4.0 9.1 33.8
95.0% LCL of Mean 24.8 135 164.6 111.2
95.0% UCL of Mean 32.7 29.2 200.3 245.3
Standard Deviation 128.6 42.9 584.0 367.7
Cleveland percentiles
1.00% 3.6 1.7 2.3 13
5.00% 4.5 2.7 3.5 2.2
10.00% 5.2 3.2 4.3 2.7
20.00% 6.1 4.8 7.0 5.4
25.00% 6.5 5.4 9.4 7.0
30.00% 7.0 6.4 12.8 11.2
40.00% 8.1 7.8 31.8 22.2
50.00% 9.6 9.1 66.6 36.2
60.00% 11.7 10.4 97.7 64.6
70.00% 15.8 14.1 131.9 136.6
75.00% 18.8 17.3 163.9 184.1
80.00% 231 20.0 203.0 2134
90.00% 37.8 31.2 355.7 419.1
95.00% 65.5 93.2 584.2 1010.6
99.00% 394.1 240.7 2165.0 1827.5
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Table 1-9: Mean annual NNN and DRP load for Manuherikia River upstream Chatto Creek confluence
expressed in kg/d. Estimates derived from grab samples and AMLE model in LOADEST suite.

Load estimate (kg/d)

Statistic DRP load DRP load NNN load NNN load
[AMLE] [Grab] [AMLE] [Grab]
N of Cases 3798 46 3798 46
Minimum 0.8 0.9 0.1 0.1
Maximum 4893.1 277.2 205260.0 3354.3
Median 9.8 6.6 64.3 19.5
Mean 27.5 26.1 654.7 277.3
Standard Error of Mean 21 8.4 95.5 98.5
95.0% LCL of Mean 234 9.1 467.4 78.9
95.0% UCL of Mean 315 43.1 842.1 475.8
Standard Deviation 127.4 57.2 5888.4 668.3

Cleveland percentiles

1.00% 1.2 0.9 0.4 0.1
5.00% 1.5 14 1.0 0.6
10.00% 2.0 1.6 1.6 0.8
20.00% 3.0 2.4 3.9 1.8
25.00% 3.9 2.6 6.4 2.4
30.00% 4.9 3.7 10.0 2.6
40.00% 7.4 4.9 26.4 6.9
50.00% 9.8 6.6 64.3 19.5
60.00% 12.3 9.2 1131 303
70.00% 16.5 14.4 183.1 55.2
75.00% 19.7 17.1 235.7 95.7
80.00% 23.7 18.9 299.0 412.3
90.00% 39.8 50.8 679.9 685.3
95.00% 70.2 165.9 1340.4 2060.3
99.00% 396.1 277.2 7724.9 3354.3
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Table I-10:

grab samples and AMLE model in LOADEST suite.

Mean annual NNN and DRP load for Chatto Creek expressed in kg/d. Estimates derived from

Load estimate (kg/d)

Statistic DRP load DRP load NNN load NNN load
[AMLE] [Grab] [AMLE] [Grab]

N of Cases 1432 36 1432 36
Minimum 0.3 0.4 0.8 1.0
Maximum 17.5 4.2 198.0 54.9
Median 0.9 0.9 4.6 5.8
Mean 1.3 1.3 7.0 8.9
Standard Error of Mean 0.0 0.1 0.3 1.6
95.0% LCL of Mean 13 1.0 6.4 5.6
95.0% UCL of Mean 1.4 1.6 7.5 12.1
Standard Deviation 13 0.9 10.3 9.6
Cleveland percentiles

1.00% 0.3 0.4 0.9 1.0
5.00% 0.5 0.6 14 1.9
10.00% 0.6 0.6 1.6 3.0
20.00% 0.7 0.7 2.4 4.1
25.00% 0.7 0.7 3.0 4.3
30.00% 0.8 0.7 34 4.7
40.00% 0.9 0.8 4.0 4.9
50.00% 0.9 0.9 4.6 5.8
60.00% 1.1 1.0 5.7 6.8
70.00% 1.3 1.4 6.7 8.0
75.00% 1.5 1.6 7.2 9.1
80.00% 1.8 1.8 8.2 10.0
90.00% 2.6 2.6 12.9 20.0
95.00% 3.3 3.1 19.2 23.4
99.00% 6.2 4.2 52.7 54.9
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Table I-11: Mean annual NNN and DRP load for Manuherikia River at Galloway expressed in kg/d.
Estimates derived from grab samples and AMLE model in LOADEST suite.

Load estimate (kg/d)

Statistic DRP load DRP load NNN load NNN load
[AMLE] [Grab] [AMLE] [Grab]
N of Cases 3798 119 3798 119
Minimum 0.8 0.5 0.5 0.2
Maximum 4177.7 264.0 490510.0 3354.3
Median 9.1 7.4 43.1 22.2
Mean 23.8 19.5 802.9 197.3
Standard Error of Mean 1.8 3.8 180.0 46.2
95.0% LCL of Mean 20.3 11.9 450.0 105.8
95.0% UCL of Mean 27.4 27.0 1155.8 288.7
Standard Deviation 112.0 41.5 11092.4 504.0

Cleveland percentiles

1.00% 1.0 0.7 0.6 0.2
5.00% 1.3 11 0.9 0.4
10.00% 1.6 1.2 1.2 0.6
20.00% 2.4 2.1 2.2 1.7
25.00% 3.0 2.9 3.4 2.3
30.00% 3.9 4.1 5.5 2.8
40.00% 6.7 5.8 18.0 6.6
50.00% 9.1 7.4 43.1 22.2
60.00% 11.4 8.9 68.0 42.3
70.00% 14.7 12.1 102.6 105.1
75.00% 17.1 15.9 130.5 156.1
80.00% 20.2 18.1 163.0 198.3
90.00% 33.2 32.1 368.0 456.9
95.00% 59.3 96.3 771.1 951.8
99.00% 334.2 239.6 9614.7 2888.6
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Appendix J

water quality variable concentrations
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Figure J-2:  Annual summer median values for sites used for biological monitoring purposes.
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Figure J-3:  Monthly DRP concentrations for the period 2016-2019 at sites used for biological monitoring
purposes.
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Figure J-4:  Monthly NNN concentrations for the period 2016-2019 at sites used for biological monitoring
purposes.
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Figure J-5:  Monthly median NNN concentrations for period 2016-2019 at sites used for biological
monitoring purposes.
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Figure J-6:  Monthly median DRP concentrations for period 2016-2019 at sites used for biological
monitoring purposes.
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Figure J-7:  Monthly median turbidity for the period 2016-2019 at sites used for biological monitoring
purposes.
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