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EXECUTIVE SUMMARY
Background

1.

North Queensland Bulk Ports has implemented an ambient marine water quality monitoring
program surrounding the Port of Weipa. The objectives efghogram are to establish a long term
water quality dataset to characterise marine water quality conditions within the waters around this
port operation, necessary in order to support future planned activities.

This program has incorporated a combinatiof spot field measurements and high frequency
continuous data loggers, laboratory analysis for a range of nutrient, herbicides and heavy metals.

Climatic conditions

1.

The 20182019 wet season was in the order of thé§ercentile for rainfall in the region ofal wet
season rainfall for the monitoring periogdas ©18 mm, with Tropical Cyclone Trevor being an
important feature to the season.

The daily average wind speed and direction recorded at Weipa airport for thertieg period
(20182019) was predominantly from the south east and east and rarely reached spgedesding
24 km ht

Water chemistry

1.

o

Field water quality conditions were measured at all sites for water temperature, electrical
conductivty, pH, dissolvedxygen, and &chi disk depth on a #eekly bass, for three depth
horizons:surface (0.8 m), mid water and bottom(1 m above substraje

The water column is well mixed, with depth profiles for dissolved oxygen, temperature, electrical
conductivity and pH showing only minor gradients of change.

Water column was well mixed during each survey, with little differences among the three horizons
examined.

Turbidity values are generally higher at depth, contributing to a difference in water clarity between
the surface and bottom water horizons. Higher turbidity values at the bottom water horizon is
probably related t(RMS wave height, currents, dsediment resuspension processes. The elevated
turbidity in the bottom horizon becomes an important consideration when examining sensitive
receptor habitats, such as seagrass which are sensitive to water clarity changes. Measuring bottom
horizon turbidityis a very relevant component of this program; surface measurements for turbidity,
or indeed suspended solid concentrations, might not be an entirely relevant measure when the
objective is to protect and enhance benthic habitats.

Particulate nitrogen (PNand phosphorus (PP) concentrations excegeiteline values during all
20182019surveys and at all sites

ChlorophyHa concentrations exceed guideline valwhging all 2018019 surveys and at all sites
Phytoplankton and zooplankton communities had exyvdifferent species composition between
surveys completed so far, which could reflect local seasonal condgithis pattern will be further
explored as more data becomes available for the region.

Trace metals were generally well below guideline valtl@oughout the reporting year. Zinc was
detected across all sites in April 2018 afidc concentrations atWP_AMB4exceeded guideline
values in January 2019.

The major pesticide and herbicide concentrations were not detected above the limit of reporting

Sediment deposition and turbidity
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1. Continuous sediment deposition and turbidity logging data supports the pattern found more broadly
in North Queensland coastal marine environments, that during dry periods with minimal rainfall,
elevated turbidity alonghe coastline is driven by the smispension of sedinmt and this has been
most notable here given the links drawn between RMS water depth and NTUe/SSC. Large peaks in
NTUe/SSC and RMS water depth were recorded over periods longer than a week.

2. Sediment depsition rates around Weipa were much higher than measured across oitth
Queensland coastal marine sites investigated durirgglimeperiod.

Photosynthetically active radiation (PAR)

1. Patterns of light were similar among all the coastal sites. Generally, shallow inshore sites reached
higher levels of benthic PAR and were more variable than deeper water coastal sites and sites of
closer proximity to one another were more similar thantalig sites.

2. At many of the sites where both turbidity and benthic light were measured, the concentration of
suspended solids in the water column explained less than half of the variation in PAR. As PAR is more
biologically relevant to the health of phatynthetic benthic habitats such as seagrass, algae and
corals it is becoming more useful as a management response tool when used in conjunction with
known thresholds for healthy growth for these habitats (e.g., Chartrand et al., 2012). For this reason,
it is important to include photosynthetically active radiation (PAR) in the suite of water quality
variables when capturing local baseline conditions of ambient water quality.

Recommendations

1. Given this monitoring program commenced in January 2018, amalwsonly into its 24 full year of
operation it is recommended that the program remainits current formfor the 2019/20 period.
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SR 67
Figure 3.45 Partial effect plots for WQ1 parameters affecting the concentration of suspended solids in
the water column. Grey area indicates 95 % CI agdon xaxis stand for data density........................ 68

Figure 3.46 WQ2 bootstrapping relative importance analysis following a stepwise multggesssion
analysis. Bars represent 95% bootstrap confidence intervals, and % of r squared values are normalised to

SUM 100 Q0 ettt ettt e oo e e e ettt e e e et a e e et e e e e e bbb e e e e e e e e e ennnna s 69
Figure 3.47 Partial effect plots for WQ2 parameters affecting the concentration of suspended solids in
the water column. Grey area indicates 95% CIl and rugatsxstand for data density......................... 70

Figure 3.48 WQ3 bootstrapping relative importance analysis following a stepwise multiple regression
analysis. Bars represent 95 % bootstrap confidence intervals, and®walfies are normalized tsum 100

%. R 41 I
Figure 3.49 Partial effect plots for WQ3 parameters affecting the concentration of suspended solids in
the watercolumn. Grey area indicates 95 % CI and rugaxixstand for data density........................ 71

Figure 3.50 WQ4 bootstrapping relative importance alysis following a stepwise multiple regression
analysis. Bars represent 95 % bootstrap confidence intervals, and®uaifies are normalized to sum 100

Figure 3.51 Partial effect plots for WQ4 parameters affecting the concentration of suspended solids in
the water column. Grey area indicates 95 % CIl and rugaxmsxstand for data density.......................43
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1 INTRODUCTION

1.1  Port operations

The Port of Weia is situated on the western side of Cape York Peninsula in northern QueeriSigine: (

11). ltislocateds A G KAY (KS (G26yaKALI 2F 2SALI X 6KSNB GKS 9)
discharge into the Gulf of Carpentaria. The port has a series of operational and asstwadiag/unloading

facilities. The port is operated by North Queensland Bulk Ports Corporation (NQBP). Along with other NQBP
ports in Queensland, Port of Weipa requires routine maintenance dredging to maintain declared
navigational depths within the swinbasin and berth areas, departure path and aprons. Any dredging
activity necessary in the operating ports in the region are undertaken in accordance with Commonwealth
and State approvals.

1.2  Program outline

In order to better define the potential impacts ssciated with port operations and to characterise the
natural variability in key water quality parameters within the adjacent sensitive habitats, NQBP committed
to an ambient marine water quality monitoring program in and around the coastal watéféeipa(Figure

1.1; Tablel.1). As part of this progranwater quality parameters are being investigated atage of sites

to build on 19 years of seagrass monitoring and three years of monitoring of photosynthetically active
radiation (PAR) that has already been undertaken by NQBP. This monitoring progr@mnsa range of
ambient water quality components that collectively continue to characterise the natural variability in key
water quality parameters, including those experienced at the nearest sensitive receiving habitat,
predominately seagrass (Tayloradt, 2015).
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Figurel.1 Locations of the marine water quality monitoring program sites during@2®program
Tablel.1 Locations of the ambient maringater quality monitoring program sites

Location AMB site no. Latitude Longitude Water quality  Deposition /

PAR logger

WQ1 WP_AMB1 -12.668283 141.846133 Yes Yes
WQ2 WP_AMB2 -12.673778 141.777081 Yes Yes
WQ3 WP_AMB3 -12.94905 141.59835 Yes Yes
WQ4 WP_AMB4 -12.701431 141.8667 Yes Yes

1.3 Rainfall and river flows

The total wet season rainfall during the reporting period w848 mm(Figurel.2). High rainfalloccurred in

March 2019 when Tropical Cyclone Trewoos®d the region The influence of rainfall and therefore
catchment flow can clearly change from year to year, which highlights precisely the reason for long term
commitment to ambient marine maitoring programs.
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Figurel.2 BOM wet season (Nay March) rainfall data for Eastern Av Station (Weipa, station number 27042) ranked in
order of decreasing total rainfall (mm). Blue bars show total rainfall over themasitoring period and the
red bar represents the 2@119 ambientmarine water quality monitoring periodVertical solid line represents
median rainfall, while dashed lines represeft 20", 80", and 9% percentiles.

The only local river gauging station near to Weipa is on the Watson River, which is located setgtkand

does not discharge into the Mission River system where the Port is located. Therefore, although Watson
River water flow (M day') has been used throughout this report to provide context for Port water quality
conditions, results regarding thafluence of water discharge on water quality variability should be
interpreted with caution.

The hydrograph for Watson Rivéfigurel.3) showsa distinct rise in the hydrograph during wet season
months in both the current monitoring period (July 204.8uly 2019) and the previous monitoring period
(January 201& July 2018). The hydrograph displays typical monsoonal rainfall patterns for gigre
Weipa is located in a tropical environment where wet season rainfall can result in prolonged and elevated
river discharge during November fpril. A peak in water discharge can also be seen in late March 2019,
corresponding with CyclonErevor Figurel.4).
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1.4 Wind

The daily average wind direction recorded at Weipa airport for the 2018/2019 reporting period was

Ambient Marine Water Quality Port Weipag TropWATEReport no. 19/32

predominantly from the south east and east and rarely reached spe@dkm h'* (Figurel.5).
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Figurel.5
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The goal of the program is to characterise the ambient marine water quality monitoring within the region
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Project objectives

Daily average wind direction and strength recorded at the Weipaoftiduring each monitoring period

within and adjacent to Port of Weipa. This report provides a review and analysis of dataezblbetiveen

July 2018 anduly2019. These data are part of a longer term commitment to monitor and characterise
receiving water quality conditions, to support future planned asset management and protection of this

coastal port.
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2 METHODOLOGY
2.1  Ambientwater quality

Spot water quality samples were collected at sigggroximately on a &veek basis Table2.1) from a
research vessel. At each site, ailmated multiprobe is used to measure water temperature, salinity,
dissolved oxygen (%), pH, and turbidifjgure2.1). In addition to spot measurementsecchi disk depth is
recorded, as a measure of the optical clarity of the water column, along with light attenuation using a LiCor
meter. These field isitu measurements are recorded at three depth horizons: a) surface (0.25m); b) mid
depth; and c) botbm horizon.

In aligning with the ambient marine water quality monitoring in other NQBP ports (Ports of Mackay and Hay
Point, and Port of Abbott Point) the water quality program design below was completed. The list of
parameters examined consisted:

9 Ultra-trace dissolved metals : arsenic (As), cadmium (Cd), copper (Cu), mercury (Hg), nickel (Ni), lead
(Pb), and zinc (Zn);

1 Nutrients (particulate nitrogen and phosphorus);

1 ChlorophyHa; and

9 Pesticides/herbicides (Low LOR suite (EP2B4(icluding: diuronametryn, atrazine, terbutryn.
Note that pesticides are suspected to be in low concentrations during periods of low rainfall runoff,
and only detectable following rainfall. As a consequence sampling of only two events at all sites for
pesticides, one durinthe dry and a wet seasarthough note that the timing of each are dependent
on prevailing weather conditions, so the timing of each survey could differ from year to year.

Figure2.1

Table2.1 Sur_nrgary of instrument maintenance and water quality surveys completed during the 2017/18 reporting
perio
Nutrients, Metals, herbicides Plankton Logger
Chbrophyll-a maintenance
July 2018 Yes - - Yes
September 2018 Yes Yes Yes Yes
October 2018 Yes - - Yes
November 2018 Yes - Yes Yes
January 2019 Yes Yes - Yes
February 2019 Yes - Yes Yes
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April 2019 Yes - - Yes
May 2019 Yes - Yes Yes
June 2019 Yes = - Yes
July 2019 Yes - - Yes

Sampling methodology, sample bottles, preservation techniques and analytical methodology (NATA
accredited) were in accordance with standard methods (i.e., DERM 2003A 2005; Standardsistralia

1998). Field collected water samples were stored on ice in eskies immediately during field trips aboard the
vessel, and transported back to refrigeration, before delivery to the TropWATER laboratory. For chlorophyll
analysis, water was placedtina 1L dark plastic bottle and placed on ice for transportation back to
refrigeration. For dissolved metals and nutrients, water was passed through a 0.45 pum disposable
membrane filter (Sartorius), fitted to a sterile 60 mL syringe (Livingstone), aneldpiiaio 60 mL bottles
(metals) and 10 mL bottles (nutrients) for posterior analysis in the laboratory. (The use of these field
sampling equipment and procedures have been previously shown to reduce the risk of contamination of
samples, contributing to faéspositive results for reporting; TropWATER15). Unfiltered sample for total
nitrogen and total phosphorus analysis were frozen in a 60 mL tube. All samples are kept in the dark and
cold until processing in the laboratory, except nutrients which areestdrozen until processing.

Water for chlorophyll determination was filtered through a Whatman 0.45 pum GF/Fgtasdilter with

the addition of approximately 0.2 mL of magnesium carbonate within (less than) 12 hours after collection.
Filters are thewrapped in aluminium foil and frozen. Pigment determinations from acetone extracts of the
FAfGSNE 6SNB O2YLX SGSR dzaAy3 ALISOUNRBLIK2G2YSGNEX
QEFYAYlLGA2Y 2F 2F0SNIFYR 21&aiGS8S6l GSNE manuwnn | & / Kf
Water sampéds are analysed using the defined analysis methods and detection dintiised inTable2.2.

In summary, all nutrients were analysed using colorinsatrethod on Ol Analytical Flow IV Segmented Flow
Analysers. Total nitrogen and phosphorus and total filterable nitrogen and phosphorus are analysed
simultaneously using nitrogen and phosphorous methods after alkaline persulphate digestion, following
methodd | & LINBaSYydiSR Ay W{ilIyRINR aSikK2Ra TFTROIFIKS 9I
ldzi2YlF SR / FRYAdzY wSRdzOGA2y aSiK2RQ |YyR Ay Wity

Wastewater, 4508 C® ! dzi2YF GSR ! 402 ND A éte,!NdrikeRndvABRwED Weke2 Y a ¢
Fylrte@asSR dzaAy3d GKS YSiK2Ra W{ilyRINR aSiKa2Ra F2NJ
Cod !dziz2zYFGSR /I RYAdzY wSRdzOiGA2Yy aSiK2RQX W{Gl yRI |
Wastewater, 4500NO2 B. Colorimé NA O a S K2RQX yR W{ilyRIFINR aSiK2R
Wastewater, 450 1 o D® ! dzi2YF GSR t KSylIdS aSiK2RQ>X NBALISOL
FyrfteasSR F2fft2gAy3a GKS YSGiK2R LINBaSydiSR eragid W{ (I
Wastewater, 4508 C® ! dzi2YF GSR ! a02NDPAO ! OAR wSRdzOGA2Yy aSi

are analysed by Australian Laboratory Service (ALS).

For all water quality plots, boxes are 20th and 80th quantile, centre line is medianytzisklers represent
the 5th and 95th percentile.

Table2.2 Water analyses performed during the program
‘
Routine water quality analyses
pH 4500H+ B -
Conductivity (EC) 2510 B 5 uScnt
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Total Suspended Solids (TSS)

Turbidity

Salinity

Dissolved Oxygen

Light Attenuation
Pesticides/herbicides

Organophosphate pesticides

Thiocarbamates and Carbamates
- Thiobencarb
Dinitroanilines
- Pendimethalin
Triazinone Herbicides

- Hexazinone

Conazole and Aminopyrimidine Fungicides

- Propiconazole, Hexaconazole,
Difenoconazole, Flusilazole,
Penconazole

Phenylurea Thizdiazolurea Uracil and
Sulfonylurea Herbicides

- Diuron, Ametryn, Atrazine, Cyanazin

Prometryn, Propazine, Simazine,
Terbuthylazine, Terbutryn

Nutrients

Total Nitrogen andPhosphorus (TN;P)

Filterable nutriens (nitrate, nitrite, ammonia,

NQO,)
Ammonia
Filterable Reactive Phosphorus (FRP)
Chlorophyli
Trace Metals

Arsenic, Cadmium, Copper, Lead, Nickel,
Silver, Zinc, Mercury

2540 D @ 103105°C
2130 B

0.2 mgL?
0.1 NTU

In house LC/M&ethod: = 0.0002n ® n n sk

EP234A
In house LC/MS methoc 0.0002> 31 |
EP234B
In house LC/MS methoc 0.001> 31 |

EP234C

In house LC/MS methoc nonnnu >

EP234D
In house LC/MS methoc nonnnh
EP234E
In house LC/MS methoc nonnnh =

EP234F

Simultaneous 4500
NGB- F and 450€P F
analyses after alkaline
persulphate digestion

25 pug N, 5 pg R

4500NB- F 1 ug NL?t
4500 NH3 G 1 mg NL?
4500P F 1 ug PRt
10206H 0.1 pgL?
3125B ORC/ICP/MS nonp GELoa
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2.2 Plankton community

Atall sites, a6 Y LI Fylid2y ySi O0F2NPYKBHRYFGYYOGFEE bFRNI
towed behind thesurvey vessel for approximately 16@ The boat speed is reduced to approximately 6

knots, with a GP®saypoint taken at the start and end of each plankton tow. At the end of each plankton

tow, the nets are retrieved, and the contents retained in the pagt attached to the net was immediately
transferred to preservation containers. Samples were identified to the lowest possible taxon.

Figure2.2 Example plankton sample. a) Trichodesmium bloom on searb) phytoplankton (66 Y0 (G 2¢é 0SKAYR
survey vessel.

2.3  Multiparameter water quality logger

Sediment deposition, turbidity, Photosynthetically Available Radiation (PAR), water depth, Root Mean
Squared (RMS) water depth and water temperature were ragss at seven sites using multiparameter
water quality instrumentananufactured at the Marine Geophysics Laboratory, School of Engineering and
Physical Sciences, James Cook UniveRgyre2.3). Theséh y & i NdzYSy ia ' NB ol aSR 2y
1000 data logger that has been programmed to measure and store these marine physical parameters using
specifically designed sensors.

2.3.1 Turbidity

Thell dZND A RAGE aSyaz2N) LINPPGARSE RIGE Ay bSLKSEt2YSGONRO
to Suspended Sediment Concentration (SSC) itr'’nigarcombe et al., 1995). The sensor is located on the

side of the logger, pointing parallel lighmitting diodes (LED) and transmitted through a fibre optic bundle.

The backscatter probe takes 250 samples in an eight second period to attain an atainigiey value. The

logger is programmed to take these measurements at 10 minute intervals. The sensor interface is cleaned
by a mechanical wiper at a two hour interval allowing for long deployment periods whefeuliog would
otherwise seriously affe readings.

It must be noted the international turbidity standard ISO7027 defines NTU only for 90 degree scatter,
however, the Marine Geophysics Laboratory instruments obtain an NTUe value using 180 degree
backscatter as it allows for much more effectisleaning. Because particle size influences the angular
scattering functions of incident light (Ludwig and Hanes 1990; Conner and De Visser 1992; Wolanski et al.,
1994; Bunt et al., 1999), instruments using different scattering angles can provide diffeeasurements

of turbidity (in NTU). This has to be acknowledged if later comparison between instruments collecting NTUe
and NTU are to be made. To enhance the data, all sites were calibrated to provide a measure of SSC (mg L
1y and enable for the accurateomparison between 90 degree backscatter and 180 degree backscatter
measurements.
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2.3.2 Sediment deposition

Deposition is recorded in Accumulated Suspended Sediment Deposition (ASSD)4{mgdrbm sensor is
wiped clean of deposited sediment at a 2 hour intérvareduce biefouling and enable sensor sensitivity

to remain high. The deposition sensor is positioned inside a small cup shape (16 mm diameter x 18 mm
deep) located on the flat plate surface of the instrument facing towards the water surface. Deposited
sediment produces a backscatter of light that is detected by the sensor. Deposited sediment is calculated by
subtracting, from the measured data point, the value taken after the sensor was last wiped clean. This
removes influence of turbidity from the wa# and rezeros the deposition sensor every 2 hours.

If a major deposition event is in progress, the sensor reading will increase rapidly and will be considerably
above the turbidity sensor response. Gross deposition will appear as irregular spikeslatahehere the
sediment is not removed by the wiper but by-saspension due to wave or current stress. When a major

net deposition event is in progress the deposited sediment will be removed by the wiper and the deposition
sensor reading should fall battka value similar to the turbidity sensor. The data will have a characteristic
Zigzag response as it rises, perhaps quite gently, and falls dramatically after the wipe (see Ridd et al., 2001).

Deposition data is provided as a measurement of deposieglihsent in mg cni and as a deposition rate in
mg cn?d?. The deposition rate is calculated over the 2 hour interval between sensor wipes and averaged
over the day for a daily deposition rate. The deposition rate is useful in deposition analysis swilhete
more accurately the net deposition of sediment by smoothing spikes resulting from gross deposition events.

2.3.3 Pressure

A pressure sensor is located on the horizontal surface of the water quality logging instrument. The pressure
sensor is used to detmine changes in water depth due to tide and to produce a proxy for wave action.
Each time a pressure measurement is made the pressure sensor takes 10 measurements over a period of 10
seconds. From these 10 measurements, average water depth (m) and Raont3quare (RMS) water height

are calculated. RMS water heightys, is calculated as follows:

D, =JE (D, -D) in

Equation 1whereDy is the i of the 10 readings an@®is the mean water depth of the n readings.

The average water depth and RMS water depth can be tsahalyse the influence that tide and water
depth may have on turbidity, deposition and light levels at an instrument location. The RMS water height is
a measure of short term variation in pressure at the sensor. Changes in pressure over a 10 second time
period at the sensor are caused by wave energy. RMS water height can be used to analyse the link between
wave resuspension and SSC. It is important to clearly establish that RMS water height is not a measurement
of wave height at the sea surface. Whiatdoes provide is a relative indication of wave shear stress at the
sea floor that is directly comparable between sites of different depths. For example, where two sites both
have the same surface wave height, if site one is 10 m deep and has a measucéraddit RMS water

height and site two is in deep and has a measurement of 0.08 RMS water height. Even though the surface
wave height is the same at both sites, the RMS water height is greater at the shallower site and we would
expect more resuspension de to wave shear stress at this site.

2.3.4 Water temperature

Water temperature values are obtained with a thermistor that records every 10 minutes. The sensor is
installed in a bolt that protrudes from the instrument and gives sensitive temperature measutemen
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. b)

Figure2.3 Example coastal multiparameter water quality instrument: a) site navigation beacon for safety and instrument
retrieval; b) instrument showing sensors and wiping mechanisms

2.3.5 PhotosyntheticallyActive Radiation (PAR)

A PAR sensor, positioned on the horizontal surface of the water quality logging instrument, takes a PAR
measurement at ten (10) minute intervals for a one second period. To determine total daily PAR?(@hol m

1 the values recordiare multiplied by 600 to provide an estimate of PAR for a 10 minute period and then
summed for each day.

2.4 Marotte current meter

The Marotte HS (High Sampling Rate) is a -tltagurrent meter invented at the Marine Geophysics
Laboratory(Figure2.4). The instrument records current speed and direction with an inbuilt accelerometer
and magnetometer. The current speed and direction data sme@othed over a l@ninute period. The
instruments are deployed attached the nephelometer frames and data is download when the instruments
are retrieved. Inclusion of this current meter has been added to the program as a way to trial new
technology, gathenew data and to add value to the project outcomes and deliverables.
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a .
) e Electronics Housing

Tether

Figure2.4 a) Basic schematic of Marotte HS current meter; and b) Marotte HS alongside Matbteed to a
nephelometer frameat Moore Reef. Image courtesy of Eric Fisher

2.4.1 Measuring environmental controls on SSC

Stepwise regression analysis was used to investigate the environmental controls on SSC at the ambient sites,
with data selected including:

(a) Ambient sites:

womM6 b2zvwmb" bwH®8 &2 vH
[3] "WQ3" [4] "WQ4"

[5] "WQs"

(b) River Gauge Station:
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[1] "Watson River"

(c) Wind Station:
[1] "Station 02704%, Weipa airport"

(d) Tide Gauge Station:
[1] "Weipa Gauge"

In this assessment, the environmental parameters with control on SSC wersethhlystepwise regression
analysis followed by relative importance analysis (Gromping, 2006) using R language (R Core Team, 2015).
The stepwise analysis allowed the selection of the environmental variables that explain the SSC variability in
the water comn. The relative importance analysis allowed these selected variables to be ranked based on
their overall explanation of the SSC variability. In order to visualize the effect of each environmental
parameter selected in the stepwise analysis, a partial al@lysis (Crawley, 2007) was carried out. These
partial plots indicate the dependence between SSC and each selected variable when all the other variables
in the model are kept constant (Crawley, 2007). The data set used in the stepwise analysis-was log
transformed, if needed, in order to satisfy requirements for regression analysis. For each site, all the
following variables were tested in an initial model against SSC: RMS of water depth, mean daily wind,
maximum tide amplitude and river discharge. Meaailg wind was calculated from 8 daily readings
decomposed into NISW and NWWSE components. Maximum tide amplitude was calculated as the maximum
absolute difference between two consecutive maximum or minimum tide readings. Wind components were
calculated ashe mean value of 8 daily measurements decomposed to in two diagonalSYWand NASE.
Variables presenting autocorrelation were excluded based on a variance inflation test (Fox and Monett,
1992) > 4 and outliers were removed based on Bonferroni Outkst (Cook and Weisberg 1982).
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3 RESULTASND DISCUSSION

3.1  Ambient water quality
3.1.1 Spot water quality physiechemical

For the reporting period between July 2019 and July 2018 water teatyne ranged between 22 and 32°

(Figure 3.1). There is a seasonal effect on water temperatures in the region, with the highest water
temperatures observed during surveys in the summer months, and cool water temperatusesvet

during the winter months. These patterns are consistent throughout the water column, indicating that the
water column profile is vertically well mixed. There are no guidelines for water temperature in coastal areas,
however, temperature is an esseal interpretative aid for ecological assessment in environments. For
example, species such as fish and other animals have thermal stress point which causes discomfort and could
be misconstrued as being a toxicological impact (example are the coral dahdansen et al. 2015). There

were no observed or known impacts on aquatic species in the region during this monitoring period.

Electrical conductivity (EC) was stable across all sites, with little evidence of changing conditions through the
water column(Figure3.2). Overall EC has remained between 38om3$and 55 m®m?, generally indicating
oceanic conditions. During the January 2018 to September 2019, salipijyn@s recorded in the field. To
correct for this, we generated a relationship between water sample measured EC during trips and field
salinity records, and then back calculated for EC measurements in the field. The corrected EC field data
(shown inFigure3.2) appears stable among sites and surveys. The data is presented here for completeness,
but use of these data will require caution.

Dissolved oxygenaturation levés ranged 8@; 120 %, and was consistent throughout the water column,
indicating that it is welmixed Eigure 3.3). Field pH measurements were stable across sites and depths
primarily ranging between 7.6 and 8.9, with the exception of the September 2018 survey showing elevated
pH valuesKigure3.4).

Field turbidity measurements typically ranged between <1 to 130 (Nigure3.5). Turbidity is similar among
sites and relatively consistent throughout the water colurfig(ire3.5). Secchi disk depth (m) is a vertical
measure of the optical clarity of water column and ranged between 1 and (bigure3.6a). The range
measured is agsponse to localised variation in water quality, most likely a difference in tidal stage among
sites during a surveysome sites may have been surveyed on an ebbing or flooding tide where water depth
was lower or higher, short term localised changes ibitlity that is associated wittide (seesection3.3)

or algal blooms that reduce vertical dtgr The 8cchi disk depth to depth ratio {ZZ, Figure3.6b) was
calculated for each site andivey. This ratio corrects theeSchi disk depth for water depthThis ratio
ranged between 15 and 8% of thewater column.
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Figure3.1 Water temperature box plots recorded: (a) the three depth horizons during each survey (sites pooled) where

colour indicates monitoring period: black = January 218ly 2018, andrange = July 2018July 2019; and
(b) the three depth horizons for each site (pooled across all monitoring periodsZiiy
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Figure3.2 Electrical conductivity box plots recorded: (a) the three ddpitizons during each survey (sites pooled) where

colour indicates monitoring period: black = January 2QI8ly 2018, and orange = July 2@L8uly 2019; and
(b) the three depth horizons for each site (pooled across all monitoring periodsZi1H
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Figure3.6 (a) Water secchi disk depth for all sites (surveys pooled); an8dbyhdepth to depth ratio (EdZ) for sites
(surveys pooled)

3.1.2 Nutrients and chlorophyHa

Particulate nitrogen (PN) and phosphorus (PP) concentrativee compared to the Water Quality
Guidelines for the Great Barrier Marine Park Authority (GBRMPA, 2010) and the Queensland Water Quality
Guidelines (DEHP, 2013). (Note that Weipa is not within the Great Barrier Reef World Heritage Area
(GBRWHA),butGBRM JdzA RSt Ay Sa I N8B dzaSR (2 LINROARSco83R y i SE
Ports that are located adjacent to the GBRWHA). Particulate nitrogen concentrations have exceeded the
guideline in all surveys thuar (Figure3.7a). Despite high concentrations during certain months, PN is
generally similar across all sitddqure3.7b).

High concentrations of PN might be associated with a range of different factors, such as the contribution
from local land use activities, whereby despite low rainfall, there would besstille base flow from rivers

and local rainfall that is known to contribute to nutrient loadings to coastal regions along the east coast of
Queensland (Brodie et al. 2012; Kroon et al. 2012; Schaffelke et al. 2012; Logan et al. 2014). It is also possible
that township municipal waste treatment at Weipa could contribute to high PN concentrations, or that
concentrations could be naturally high due to adjacent soil conditions. Other sources of nutrients might be
via remobilisation of coastal sediments, and ese of available nutrients adsorbed to coastal sediments

31



Ambient Marine Water Quality Port Weipag TropWATEReport no. 19/32

(Devlin et al. 2012). Elevated nutrients might also be related to reprocessing of nutrients with algal blooms,
where there has been an obvious trichodesmium (a marine cyanobacteria; Capone e7ablb®®n across

the region during most surveys, but most notably during late spring and early summer. Although surveys
thus far have recorded PN concentrations that exceed the GBRMPA guidelines, additional data from multiple
years is required to make infences regarding the natural variability in concentrations at the Port of Weipa.
This will help to inform local guidelines that are specific to the Port of Weipa and encompass natural
variability in water quality conditions.

Particulate phosphorus concentrans exceeded guidelines in all surveys and atsidls Figure 3.8).
Although particulate phosphorus concentrations are above GBRMPA guidelinasuedntonitoring will
determine baseline natural variability in PP at Weipa and help to inform local guidelines.

ChlorophyHa concentrations were elevated above the guidelines during all surveys and at allFsgese(
3.9). Relationships between nugnt levels (i.e. PN, PP, @hland Phaeophytia) across all sites and
samplingperiods were positive but weak, witborrelation coefficients (r) ranigg between 0.17¢ 0.58
(Figure3.10).
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Figure3.7 Particulate nitrogen box plots: (a) during eaghrvey (sites pooled) from January 2018 to July 2019 and (b) at
each site pooled across all monitoring periods
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site pooled across all monitoring periods
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Figure3.10 Scatterplot of nutrient relationships at pooled across all sites and surveys. Lines of best fit ¥itbddBidence
intervals are displayed in blue, and welation coefficients are shown in corresponding plots. Density plots
generally show logiormal distribution of the data, and therefore ngrarametric spearman correlation was
used.

3.1.3 Ultra-trace water heavy metals

Ultra-trace heavy metal concentrations were compared to the ANZECC and ARMCANZ 2000 water quality
guidelines (ANZECC, 2000). Most of the filterable metals were not detected above the Limit of Reporting
(LOR), except for Zinc following significant rainfalthe wet seasormonths {Table 3.1). No ANZECC
guideline exists has been established for arsenic. Arsenic is released into the environment naturally by
weathering of arsenicontaining rocks and volcanic activity. It can be in the form of As (lll) or As (V), which
can be toxic to marine aquatiife. A low reliability marine guideline trigger valuenofb p  feraAs (V) and

H ®o L'foA As (lll) has been derived (ANZECC, 2000), however, these trigger guidelines are only an
indicative interim working level. Measurefs concentrationsat Weipa siteswere below thesenterim
guidelines.
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Table3.1 Summary statistics for metals data recorded at all sites during the program. Values are pooled across sites.
Values are compared to the ANZECC 95% gtioteguideline values (2000}) 6ample not collected

Arsenic Cadmium Copper Lead Nickel Silver Zinc Mercury

Unit ug/L ug/L ug/L ug/L ug/L ug/L ug/L mg/L

LOR - 0.2 1 0.2 0.5 0.1 5 0.001

ANZECC - 5.5 1.3 4.4 70 1.4 15 0.4

Apr-18 Mean 15 <0.2 <1 <0.2 <0.5 <0.1 5.6 <0.0001
Min 13 <0.2 <1 <0.2 <0.5 <0.1 <5 <0.0001
Max 1.6 <0.2 1 <0.2 <0.5 <0.1 10 <0.0001
Sep-18 Mean 1.7 <0.2 <1 <0.2 <0.5 <0.1 <5 <0.0001
Min 1.5 <0.2 <1 <0.2 <0.5 <0.1 <5 <0.0001
Max 1.8 <0.2 1 <0.2 <0.5 <0.1 <5 <0.0001
Jan-19 Mean 12 <0.2 <1 <0.2 <0.5 <0.1 6.1 <0.0001
Min 1 <0.2 <1 <0.2 <0.5 <0.1 <5 <0.0001
Max 1.4 <0.2 1 <0.2 <0.5 0.1 17 <0.0001

3.1.4 Water pesticides and herbicides

The major pesticide and herbicide concentrations were not detected above the limit of reparéibte8.2).

Where possible, these concentrations were compared to the water quality improvement ipeisiébr the

DNBIFG . FNNASNI wSST alNAYS tIN] oD.wat! X wnmaO 02
coast Ports, and all detected concentrations were well below theY®%Protection values. The Mackay

2 KAGadzyRF& 21 0SN)vdzZf Adé& LYLINROGSYSyid tflyQa ¢l G§SN
guideline of 0.01 pdr* (LOD unchanged since 2008).

Table3.2 Summary (average) statistics for pesticides/herbicides recorded at all sites theipgogram (all values are
ug LY. Values are pooled across sites for each survey and compared to the @gtity Guidelines for the
Great Barrier Reef Marine Park (GBRMPA, 2018) pbotection level.

Atrazine Ametryn Hexazinone Tebutryn
g L g L g L g L
Guideline trigger value 1.4 1.0 1.6 1.2 -
April 2018 0.00014 0.0001 0.0017 0.0001 0.0001
September 2018 0.0000 0.0001 0.0007 0.0001 0.0001
January 2019 0.00033 0.0001 0.0083 0.0006 0.0001

3.1.5 Ordination of data

Spot water quality measurements have been collected at all sites for water temperature, electrical
conductivity, dissolved oxygen (%), pH, turbidity, and light attenuation. In aulditio these spot
measurements, &chi depth has also been recorded, as a measure of the optical clarity of the water column.
Field insitu measurements have been recorded at three defpthizons; surface (0.2%), middle, and the
bottom horizon(1 m above substrate)These measurements continue to assist in characterising water
quality conditions within the water column, among sites and surveys.

Principal components analysis (PCA) wsegiuio explore relationships between physiochemical and nutrient
data collected at the water surface at each site during each month of sampling. Results show tlatdi4.1
the variability among sites and sampling months was explained by physiochemicaliigt variables
(Figure3.11). There were some seasonal differences among sites, with higher particulate nitrogen and
particulate phosphorus concerdtions in wet season months
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Figure3.11 Principal components analysis (PCA) exploring relationships between nutrients and physiochemical parameters

(black vectors) and monitoring sites. The%®Xonfidence interval ellipses show overall differences between
sites grouped by season. Vector labels are abbreviated as follows: PP = Particulate Phosphorus, PN =
Particulate Nitrogen, EC = Electri€ainductivity and DO = Dissolved Oxygen. Total vagaexplained by
Dimension 1 and Dimension 2 = 541

3.2 Plankton communities
3.2.1 Diversity and abundance

A total of 58 phytoplankton species have been identified, comprising cyanobacteria, diatoms, flagellates and
green algae taxa. Several species were recomtedll sites, includingh\zpeitaspp, Bacteriastrumspp,
Rhizosoleniapp,Chaetocerospp,Chlamydomonaspp,Dinophysis caudat&Guinardiaspp,Odontellaspp,
Rhizosoleniaspp, andThalassionemapp. In March 2018, WQ2 had the highest phytoplankspecies
richness (27 species), while the lowest species richness was recorded at during May 2019 at WQ2, WQ3, and
WQ4 Figure3.12a). WQ1 showed peaks piytoplankton abundance in April 2018 and again in May 2019
(Figure3.12b).

A total of24 different species of zooplankton were recorded during atveys. WQ4 had the highespecies
richness(15 species) in September 2018, and the lowest diversity was recorded in January 2018 at WQ1 (1
species)Kigure3.13a). The total abundance of zooplankton peaked at multiple sites in March 2018 (WQ?2,
WQ3, and WQ5), again in November 2018 at WQ4, and in May 2019 atFi¢Q&:38.13b).
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Figure3.12 a) Species richness of phytoplankton; and b) total abundance of phytoplankton at each site during each survey

period. Note that WQ5 was decommissioned follow8gptember 2018.
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Figure3.13 a) Species richness of zooplankton and b) total abundance of zooplankton at each site during each survey.

Note that WQ5 was decommissioned following September 2018.

3.2.2 Plankton odinations

Exploratory statistical analysis of the plankton using-donensional scaling (nMDS) revealed differences
in species composition of phytoplanktoRigure3.14) and zooplankton communitie&igure3.15) between
surveys. Overall, phytoplankton communities were showed little similarity in specimposition between
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surveys (with the exception of surveys in March 2018 and May R@i@ure 3.14). Zooplankton
communities showed higher similarilly species composition in comparison to phytoplankton, particularly
in surveys from the current monitoring period (September/November 2018 and February/May 2019).
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Figure3.14

Nonrdimensional ordinatiomplot for phytoplankton collected during six survey periods throughout 2019.

Dashed lines represent 96 confidence interval ellipses for each survey period and colours correspond to

survey periods as follows: light orange = March 2018, light blue = A8l Zreen = September 2018, yellow =
November 2018, dark blue = February 2019, dark orange = May 2019. Data has been squared root transformed
on the Bray Curtis distance matrix (stress = 0.15, Clarke and Gorley 2006)
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Figure3.15 Nornrdimensional ordination plot for zooplankton collected during two survey periods in 2019. Dashed lines

represent 95% confidence interval ellipses for each survey period and colours correspond to survey periods as
follows: light orange = March 2018, light blue = April 2018, green = September 2018, yellow = November 2018,
dark blue = February 2019, dark orange = May 2019. Data has been squared root transformed on the Bray
Curtis distance matrix (stress = 0.22, Clarke aorde§ 2006)

3.3  Multiparameter water quality logger

Instrumentswere deployed at four sites, W@ to 4, from Juh2018 to July 2019 (seEable2.1). Using
standard statistics, we describe observed trends and differences between sites and discuss the driving forces
in these environments. In addition to data loss due to fouling, one site was lost during the deployment period
(OctNov 2018).

Data is presenteds an annual statistical summary of root mean square water height (RMS; m), suspended
sediment concentration (SSC; m§) Lsediment deposition rate (mg chaay?), water temperature (°C), and
photosyntheticallyactive radiation (PAR; mol thday?) for each site. The summary is depicted using box
plots, whereby the central diamonds represent the mean value, the central line represents the median
value, and the central box represents the range of the 25 arfb tfuiartiles. The vertical bars represent the
range of the 98 and 10" percentiles. Time series and monthly summaries are included in the appendices.

3.3.1 RMS water height

As mentioned in the methodology, root men square water height (RMS) is a proxy for wave energy or wave
shear stress at the ocean fipo (Macdonald 2015). RMS is mostly driven by weather events that increase
RMS simultaneously at all sites. Variation in RMS during adpetiveen peak events differs among sites due

to differences in water depth and exposure to wave energy.

WQ1 and WQ4, ated within the Embley River, were exposed to less wind and wave energy and had lower
RMS than WQ2 and WQ3, located on the coast. Median RMS at WQ1 and WQ4 detieat @f WQ2 and

WQ3 Figure3.16, Table3.3). Theupper quartile and 90 percentile followed the same pattern, with values

at WQ1 and WQ4pproximately 106 that of WQ2 and WQ?3.
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The differences in RMS among the four sites has important implications for other water quality parameters.
Similar RMS at WQ1 and WQ4 relative to WQ2 and WQ3 indicates that wave energy may explain differences
in water quality between the two groups of sites but not within the two pairs of sites. For example, lower
RMS would promote more sediment deposition and less sediment resuspension at WQ1 and WQ4 (in the
Embley River) compared to WQ2 and WQ3 (on the coast). #Hawdifferences in water quality between

WQ1 and WQ4 or between WQ2 and WQ3 could be due to different currents, depths, or benthic geologies.

The highest RMS values were observed between November and March (App2ndigpendixL.3).
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Figure3.16 Box plot of root mean square (RMS) of water height (m) at the five sites for the monitoring period from July
2018 to July 2019. The lower whisker, lower edge of the box, central line, upper edge of the huppand
whisker represent the 1), 25, 50", 75" and 90" percentiles, respectively. The diamonds represent the mean
values.
Table3.3 Summary of RMS water height (m) from July 2018 to July 2019.
Mean 0.003 0.036 0.034 0.002
median 0.002 0.013 0.009 0.001
min 0.000 0.000 0.000 0.000
lower quartile 0.001 0.007 0.006 0.001
upper quartile 0.004 0.030 0.023 0.003
max 0.120 0.691 1.034 0.127
90" percentile 0.008 0.083 0.070 0.006
10" percentile 0.001 0.005 0.004 0.000
n 50694 50255 45431 50370
St. Dev 0.004 0.068 0.079 0.004
St. Error <0.001 <0.001 <0.001 <0.001

3.3.2 NTUe/SSC

Median suspended sediment¢oO Sy G NI (A 2y a oYafid/750quasiibsBvereess thayi 37 nig

! (Figure3.17, Table3.4). The highest SSC walsserved farthest up the Embley River (WQ4), followed by

outside the river mouth (WQ2), inside the river mouth (WQ1), and then far down the coast at Pera Heads
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(WQ3). The relatively high means and"3frcentiles compared to their respective medians iatticthat
WQ2 and WQ4 experienced more extreme turbidity events than the other sites during this monitoring
period.

The NTUe/SSC time seridata at each site (seen inppendix 1.2) typically follows a pattern of low
background values with recurring peakeats. These peak events typically occur at the same times at each
site and coincide with peaks in RMS water height (Ridd et al., 2001). Differences in turbidity between sites
result from variation in RMS water height, site depth, benthic geology, hydedias, and proximity to

river mouths.

During this reporting period, SSC levels at WQ1 were relatively constant with the highest values observed in
March and May 2019 (Appendi, Appendixl.3). SSC at WQ2 was highest in January 2018 to March 2019,
coindding with the wet season. SSC at WQ3 was highest in August 2018 and June 2019. At WQ4, the highest
SSC was observed in December 2018, June 2019, and July 2019.
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Figure3.17 Box plot of SSC (mg)Lfrom Jly 2018 to July 2019. The lower whisker, lower edge of the box, central line,
upper edge of the box and upper whisker represent th#,1Z8", 50", 75" and 90" percentiles, respectively.
The diamond represents the mean value.

Table3.4 Summary of SSC (mg) lfrom July 2018 to July 2019.

Mean 14.59 51.08 3.27 89.56

median 6.29 6.41 2.10 16.34

min 0.00 0.00 0.00 0.00

lower quartile 3.09 2.78 0.88 6.63

upper quartile 13.86 25.26 4.38 46.35

max 891.62 4817.42 79.03 7354.25

90" percentile 28.84 130.17 6.09 135.70

10" percentile 1.65 1.12 0.00 2.84

n 40910 45342 16394 40511

St. Dev 34.64 150.00 3.43 359.78

St. Error 0.17 0.70 0.03 1.79
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3.3.3 Deposition

Deposition of sediment is matural process in all coastal marine waters. Suspended sediment deposits in
environments where wave energy is not sufficient to keep sediment suspended in the water column. The
time series of deposition rates indicate that deposition peaks following RMBt® but with a lag so that

peak deposition occurs when RMS has decreased to nefgbaund levels (Appendix2). An explanation

for this lag is that, as waves resuspend sediment, little deposition occurs because the energy in the system
keeps sedimenin suspension. However, when waves decrease and there is no longer enough energy in the
system to keep sediment in suspension and deposition occurs.

Management of marine habitats requires that sediment deposition be monitored for changes from ambient
values. The Water Quality Guidelines for the Great Barrier Reef Marine Park (2010) set a sediment deposition
trigger value at a mean annual value of 3 mg?atay® and a daily maximum of 15 mg @day*. However,

the Guidelines suggest that 10 mg émay® sedimentation is valid in areas of coarse sediment, large
grainsize, or low organic content.

Deposition rates were highest at WQ4, the farthest site up the Enfiegr Figure3.18, Table3.5). WQ3
had the second highest median deposition rate, followed by WQ1 and WQ?2.

The monthly statistics indicatihat deposition rates were highest within the Embley River (WQ1, WQ4) in
June and July 2019 (Appendi2, AppendixL.3). Deposition rates outside the Embley River (WQ2, WQ3)
were also relatively high during June and July 2019, but also during SeptentbBeaember 2018.

Differences in deposition rates may be more easily visualised by estimating the thickness of the sediment
deposited. For example, using the relationship between density, mass and volume: median deposition value
of5mgecenmfdaytisequiv £ Sy d G2 | fFr&@SN)2F aSRAYSyd 2F GKAO1Yy
density of 1.5 g cr
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Figure3.18 Box plot of deposition rates (mg chalay?) from July 2018 to July 2019. The lowsrisker, lower edge of the
box, central line, upper edge of the box and upper whisker represent thig2d , 50", 75" and 90"
percentiles, respectively. The diamond represents the mean value.
Table3.5 Summary of the mean daily deposition rate (mgZuay?) statistics from July 2018 to July 2019.
Mean 71.60 43.41 41.68 156.92
median 11.43 9.63 29.74 80.63
min 0.29 0.06 0.06 1.22

45



Ambient Marine Water Quality Port Weipag TropWATEReport no. 19/32

lower quartile 3.52 3.25 9.55 31.24
upper quartile 37.61 39.03 56.44 175.04
max 1110.29 706.17 320.26 1273.80
90" percentile 154.50 114.04 89.79 376.03
10" percentile 1.28 1.02 4.73 9.25

n 274 313 220 263
St. Dev 184.92 93.03 47.91 213.28
St. Error 11.17 5.26 3.23 13.15

3.3.4 Water temperature

Water temperatures were similar among all sites with medians o228C and similar ranges of
temperatures Figure3.19, Table3.6). Water temperatures were highest in Decemlasrd lowest in July
(Appendix1.2, Appendix1.3). Water temperature is not considered to be a compliance condition for
approval operations, however the temperature data presented here holds importance in future
interpretation of ecological processes in the region, and across the GBR (e.g.efoéiaals, 2015).
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Figure3.19 Boxplot of the water temperature (°C) from July 2018 to July 2019. The lower whisker, lower edge of the box,
central line, upper edge of the box and upper whisker represent tifg 28", 50", 75" and 9@ percentiles,
respectively. The diamond represettiee mean value.
Table3.6 Summary of water temperature (°C) from July 2018 to July 2019.
Mean 28.33 28.28 27.62 28.39
median 28.55 28.57 27.79 28.66
min 24.66 24.17 24.72 23.88
lower quartile 26.72 26.50 25.96 26.63
upper quartile 29.67 29.73 28.98 29.91
max 32.47 35.95 36.04 37.55
90" percentile 30.91 30.87 29.68 30.97
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10" percentile  25.84 25.57 25.37 25.82
n 50633 50202 45397 50307
St. Dev 1.84 1.92 1.67 1.91
St. Error 0.01 0.01 0.01 0.01

3.3.5 Photosyntheticallyactiveradiation (PAR)

Mean levels of benthic photosyntheticaligtiveradiation (PAR) ranged from 1.4 to 4.0 mot day* (Figure

3.20, Table3.7). WQ2 had the highest median and variance in PAR. WQ4 had the lowest median PAR but
also had light levels within the range observed at the other sites. WQ1 and WQ3 had similar PAR
characterisics despite WQ3 being located at twice the depth as WQ1.
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Benthic PAR was highly variable throughout the year, but PAR was generally highestAingdstyand
lowest in Decembedanuary (
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Figure3.21, Figure3.22). Semiregular oscillations between low and high PAR were overridden by larger
episodic evets caused by storm or rainfall.

48



Ambient Marine Water Quality Port Weipag TropWATEReport no. 19/32

“7"‘10 8
>
3 8 1
Nl l
£ 61
0,
E’ I - |
X 2 - . L
< * ¢
o 0 1 1 T
wQ1 WQ2 WQ3 WQ4
Figure3.20 Box plot of daily PAR (mothday?) from July 2018 to July 2019. The lower whisker, lower edge of the box,
central line, upper edge of the box and upperisker represent the 10 258", 50", 75" and 9¢ percentiles,
respectively. The diamond represents the mean value.
Table3.7 Summary of daily PAR (mot?day?) from July 2018 to July 2019.
Mean 2.05 4.03 1.52 1.44
median 1.89 3.43 1.42 0.55
min 0.00 0.00 0.00 0.00
lower quartile 0.99 1.07 0.61 0.23
upper quartile 2.96 5.58 2.05 2.36
max 6.29 19.67 8.96 8.62
90" percentile 3.92 8.19 2.74 4.07
10" percentile 0.34 0.12 0.20 0.00
n 350 347 316 348
St. Dev 1.36 3.74 1.24 1.74
St. Error 0.07 0.20 0.07 0.09
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Figure3.21 Time series of total daily PAR (maof aay?) from July 2018 to July 2019. Daily mean PAR is plottaeldénand

a 2week moving average of daily mean PAR is plotted in red.
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Figure3.22 Monthly boxplots illustrating the variation in total daily PAR (md day?) from July 2018 to July 2019. The
lower whisker, lower edge of the box, central line, upper edge of the box and upper whisker represent'the 10
25h 50", 78" and 90" percentiles, respectively. The diamond represents the mean value.

Similarities in patterns of PAR among sites

There are wel relationships between the benthic PAR at differsiés Figue 3.23). Less than 2% of the
variation in PAR at a given site could be explainechbyPAR at any other site, highlighting the influence of
site-specific conditions (depth, turbidity, etc.) on benthic irradiance. WQ1 and WQ2 have the strongest
association g = 0.27) while WQ1 and WQ4 have the second strongest associtier0(15). Thee three

sites are in and around the Embley River compared to WQ3 which is 30 km to the southwest. This analysis
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assists in understanding site redundancy opportunities, without missing important detail in characterising
water quality in the region.
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Figue 3.23 Scatterplots of PAR between sites indicating the strength of the relationships between patterns of daf§ PAR.

values are presented for each comparison.

Relationship between light attenuation anduspended solid concentrations

In sedimenirich coastal waters, the dominant physical process that reduces PAR light intensity is scattering,
which if turbidity levels are high enough, can cause underwater light to become isotropic. Investigations into
the light attenuation coefficient provides an insight into the dynamic relationship between suspended solid
concentrations and PAR light intensities.

Absorption and scattering describe the attenuation of light through water by interacting in a nonlinear and
complex fashion within the radiative transport equations (Mobley, 1994). These equations cannot be solved
analytically; however the diffuse attenuation coefficief)((averaged across the PAR waveband-400
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nm) may be approximated in ocean waters byngsBeef] I YO SNIIiQa ¢ 05SyyArazy
1989; John T. Qewis 1994),

L g

where 1z and Iz are the downward directed irradiances at an upper depts) énd a lower depthZj
respectively, andk is the diffuse attenuatin coefficient (averaged across the PAR waveband7400nm)
(Jerlov, 1976; J. T. O. Kirk, 19K{)s comprised of a component due to clear water and a component due
to SSC.

Light attenuation(PAR)and suspended sediment concentration (SSC) are examined for all five sites. A
general relationship is found, whereby as SSC increases, light levels decrease exponentially, as is well
described by Beek | YO SNIiQa [l 6d !y SEI Y LéerSnFRdre3.Mivhete duNdgt | ( A 2
periods of high SSC, light is attenuated and when SSC exceeds approximately-i,dighg extinction

occurs.
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Figure3.24 A typical example of the relationship between SSC and PAR light, showing light levels decreasing as SSC

increases during Mayuly 2019 at WQ1

3.3.6 Seasonal variation: wet vs dry seasons

A comparison of wedind dry season water quality (20PD19) suggests that, with some exceptions, periods
of increased RMS, SSC, deposition rates, and increased PAR during the wet season.

RMS water height

Median, mean and upper quartile values were higher during wet seasonoss alsites fFigure3.25).

Median RMS the wet season was double that of the dry season at most sites. The expanded upper quartiles
indicate moreperiods of high RMS during the wet seasons. Therenaba large difference in RMS between

the 20182019 data and the cumulative 20PD19 seasonal data.
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Figure3.25 RMS box plots for WQ&Q4. Boxesepresent the wet (1 Novembed1 March) and dry seasons (1 Al
October) using either one wet season (2€A®&L9) or two wet seasons (202D19).
NTUe/SSC

Differences in suspended sediment concentration (SSC) between seasons are less straightforwfnd tha
RMS. While median SSC was somewhat similar between wet and dry seasons, the SSC upper quartiles were
typically threefold higher during the wet season, indicating mesdreme turbidity events (e.gvVQ2, WQ3,
WQ4;Figure3.26). Notably, SSC at WQ1 was relatively constant throughout the deployment pEiinate

3.26, Appendixl.3).
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SSC box plots for WQ¥Q4. Boxes represent the wet (1 Noveni3drMarch) and dry seasons (1 A1l

October) using either one wet season (2€2®19) or twowet seasons (2012019).

Deposition

Median deposition rates were largely similar between wet dngdseasonsHigure3.27). The mosapparent
seasonal pattern was higher deposition rates at WQ3 during the dgose(ApridOctober, Appendit.3).
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Figure3.27 Depasition box plots for WQIWQ4. Boxes represent the wet (1 Novemi3drMarch) and dry seasons (1 April

31 October) using either one wet season (2@04.9) or two wet seasons (20£019).

Photosyntheticallyactive radiation

Photosynthetically active radiath (PAR) could differ between seasons due to longer daylength or increased

cloud cover during the wet season. The largest seasonal differences in PAR were observed at WQ4 and WQ?2,
whereby median PAR was 4 times higher during the dry season (Figure 3@1)aMd WQ3 had largely

AAYAT I NI t!w Rdz2NRAY 3

020K

A4S a2yao

[ 2YLI NANazy 27

i K

PAR between seasons, especially at sites close to shore. Differences in depth, distance from the coast, and
distance from iver mouths may influence how PAR differs between seasons at a given location.
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Figure3.28 PAR box plots for WQ&/Q4. Boxes represent the wet (1 Novemi3drMarch) and dry seasons (1 A1l

October) usig either one wet season (202819) or two wet seasons (202D19).

Water temperature

Temperatures were higher during the wet season, typically >28 °C, and lower during the dry season, typically
<28°C Figure3.28). Median temperatures were ~30 °C in the wet season and ~27 °C in the dry season.
Notably, median temperatures during the 202819 dry season at WQ3 and WQ4 were approximatéy 3

lower than the combined 2012018 dry seasons.
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Figure3.29 Water temperaturebox plots folWQ1-WQ4. Boxes represent the wet (1 Novermi3drMarch) and dry

seasons (1 ApfB1 October) using either one weeason (201:2019) or two wet seasons (202D19).

3.3.7 2019 Dredging campaign

To investigate whether dredging in 2019 affected water quality in the Port of Weipa and surrounding
habitats, we compared water quality during 2019 dredging period (4 June@039uly 2019) to the same
period from 2018. This comparison assumes consistent weather patterns between 2019 and 2018, which
may not be the case as wind and storm events are unpredictable. Suspended sediment concentrations,
sediment deposition rates, and tgmerature were higher while photosynthetically available radiation was
lower during the dredge period in 2019. There was no clear pattern in root mean square water depth
between the two periods.

Turbidity and deposition time series
During the 2019 dredging event, there were periods of high turbidity (SSC) during low and rising tides that
were often followed by a short interval of sediment depositigtigure3.30). The last week of dredging
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exhibited a different pattern, whereby intervals increased deposition coincided with elevated turbidity
(Figure3.30; bottom pane).
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Figure3.30 Suspended sediment concentrations (SSC) and deposition rates at WQ1 during a portion of the 2019 dredging

period. SSC (solid black line) and dep. ragesenline) are displayed relative to their maximum value during
the dredging period. Water depth (dashed black line) is depicted on a secondary axis to compare water quality
with tide and current direction.

RMS water height

There was little difference IRMS between the 2019 dredging period and the same period from (Ed8re
3.31). This suggests that wind and waves did not contribute to differencester quality between these
two time periods.
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Figure3.31 Boxplots of RMS for 4 Juid@ July 2019 and 4 Jwi& July 2018. The lower whisker, lower edge of the box,

central line, upper edge of the box angper whisker represent the 19 25", 50", 75" and 9" percentiles,
respectively. The diamonds represent the mean values.

NTUe/SSC

Suspended sediment concentrations (SSC) were higher during the 2019 dredging compared to the same
period from 2018 at all sites, particularly at WQ1, WQ2, @4 Figure3.32). Medianvalues were 23

times higher for WQ1, WQ2, and WQ3 and 3.5 times higher for WQ4. Thped6entile, which tracks
extreme events, was-60 times higher for the sites inside the Embley River (WQ2 and WQ4)&uich2s

higher for the sites outside the Embley River (WQ1 and WQ3).
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Figure3.32 Boxplots of SSC for 4 Jub® July 2019 and 4 Jui8 July 2018. The lower whisker, lower edge of the box,

central line, upper edge ohe box and upper whisker represent the,®@5", 50", 73" and 90" percentiles,
respectively. The diamonds represent the mean values.

Deposition

Sediment deposition was higher during the 2019 dredging compared to the same period from 2018 at three
of the four monitoringsites Figure3.33). Depodion at WQ2 was relatively similar between the 2019 and
2018 periods, but the average deposition rate increased, and tfep@@centile was more than double in
2019 compared to 2018. For the remaining three sites, the increase in deposition rates wasslde
distribution of deposition rates was 80 times higher in 2019 compared to 2018. Thé pércentile, which

tracks extreme events, was 17 times higher for WQL1, 3 times higher for WQ3, and 6 times higher for WQ4.
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Figure3.33 Boxplots of sediment deposition rates for 4 Juk®July 2019 and 4 Jui8 July 2018. The lower whisker, lower

edge of the box, central line, upper edge of the box and upper whisker represent thed0 50", 75" and
90" percentiles, respectively. The diamonds represent the mean values.

Photosynthetically active radiation

Photosynthetically active radiation (PAR) was lower during the 2019 dredge period compared to the same
period from 2018 across aites Figure3.34). Median PAR during the dredge was 77, 46, 17, arid 33at

of the same period in 2018 at WE¥Q4, respectively.
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Figure3.34 Boxplots of photosyntheticallgctiveradiation (PAR) for 4 Jusie8 July 2019 and 4 Jwi@ July 2018. The

lower whisker, lower edge of the box, central line, upper edge of the box and upper whisker represent the
10", 28M, 50N, 75" and 90" percentiles, respectively. The diamonds represent the mean values.

Water temperature

Water temperatures were higher across all sites during the 2019 dredge compared to the same period from
2018 fFigure3.35). Mediantemperatures were 22 % higher (approx. 0.4 °C) during the dredge period in
20109.
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Figure3.35 Boxplots of watetemperature for 4 Jund.3 July 2019 and 4 Jwi@& July 2018. The lower whisker, lower edge

of the box, central line, upper edge of the box and upper whisker represent the2H), 50", 78" and 90"
percentiles, respectively. The diamonds representrttean values.

3.4 Current meter

Current meter data was collected at all five sites. Marotte HS current meter instruments were deployed for
the full monitoring period from July 2018 to July 2019 for \A@Q@4.The current meter data indicates the
prominent current direction and velocity at each site. Data shows that coastal current, tidal current or a
combination of both influence current direction and magnitude. The figures below display the current meter
data in current rose and average current speed rose diagt The current rose diagrams provide a visual
representation of relative prominence of current velocity and direction. The average current speed rose
diagrams displays the average current speed in every direction. Presented together these diagragi# highli
the prominent direction of current and the average velocity of the current in this directighortandlong
animation illustrating how the current speed and direction changes over time at each site are accessible to
view via sharepoint. Links to the videos are providedppendix Al.4.
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3.4.1 WQ1

The current at WQ1 ranges from East to West with peaks at ENE and W and avéoageveanging
between 0.10 and 0.38 m*gasshown inFigure3.36 and Figure3.37). Thisis in line with expected tidal
current directions at the site.
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Figure3.36 Current rose at WQL1 for the monitoring period from July 2@18uly 2019. The current rose plots the number

of currents recorded in each direction within the ranges of different current speeds indicated in the legend

Figure3.37 Average current speed rose at WQit the monitoring period from July 2018 to July 2019. The average current
speed is rose is coloured in green, while the red values indicate the average current value at each specific
direction

342 WQ2

The current at WQ2 flows between SW and NE directionsavithage velocities between 0.06 and 0.23 m
st (as showrin Figure3.38 and Figure3.39). The currentlirections suggest that these currents are tidal.
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Figure3.38 Current rose at WQ2 for the monitoring period from July 2018 tp 2019. The current rose plots the number
of currents recorded in each direction within the ranges of different current speeds indicated in the legend

Figure3.39 Average current speed rose at WQ?2 for thenitoring period from July 2018 to July 2019. The average current
speed is rose is coloured in green, while the red values indicate the average current value at each specific
direction

3.4.3 WQ3

The current at WQ3 flows predominantly in the WSW direction enttrage current speed velocities ranging
from 0.03 to 0.14m s (as showrin Figure3.40 and Figure3.41). Asexpected, the currents at this site flow
both along the coast in lib directions.
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Speed: — <0.1m/s — <0.2m/s <0.3mis — <04m/s — <0.5m/s —All ‘

Figure3.40 Current rose at WQ3 for the monitoring period from March 2018 to July 2018. The current rose plots the
number of currents recorded in each direction within the ranges of diffecemtent speeds indicated in the
legend

Figure3.41 Average current speed rose at WQ3 for the monitoring period from July 2018 to July 2019. The average current
speed is rose is coloured in green, while ted values indicate the average current value at each specific
direction

3.44 WQ4

The currents that dominate the site WQ4 are in the NW and SE direckang¢3.42). An average cuent
velocity of 0.06 and 0.31 st were recorded in these respective directiofgure3.43). Thidines up with
the direction of the river at this location.
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Figure3.42 Current rose at WQ4 for the monitoring period from July 2018 to July 2019. The current rose plutsrber
of currents recorded in each direction within the ranges of different current speeds indicated in the legend

Figure3.43 Average current speed rose at WQ4 for the monitoring period from July 201#y®019. The average current
speed is rose is coloured in green, while the red values indicate the average current value at each specific
direction

3.5 River Plumes

An importart note here is that the Watsoniver is located ~75km south of the Mission Rsystem adjacent

to the Port of Weipa, and therefore Watson River discharge is only a proxy of actual discharge in Mission
River. Given the variable nature of rainfall and river charges, some caution is required with the final
interpretation of these analys.

351 WQ1

A stepwise regression analysis was run against the WQ1 data to identify the appropriate variable selection,
excluding autocorrelation and outliers, for the multiple regression analysis. RMS of water depth, the Watson
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River discharge, the NWSEwdicomponent and tide amplitude explained &ilof the SScariability Table

3.8). The relativémportance analysis suggested that tidal amplitude was the most influential parameter on
SSC (6% of overalR), followed by Watson River discharge ¢4%f overalR), the NVSE wind component
(13% of the overalR?), and RMS of water depth € of overalR; Figure3.44). Partial effects plotsgure
3.45) show that SSC increases with all influential environmegratedmeters.

Table3.8 Statistical summary of the stepwisegression analysis to WQ1 data
AMBI1
Predictors Estimates Ccl JZ
(Intercept) 1.55 0.61-2.49 0.001
log(RMS) 0.16 0.02-0.31 0.030

log(Watson+1)  0.07  0.04—0.10 <0.001
wind NWSE 0.02  0.01-0.03 0.001

Amplitude .13 0.89-137 <0.001

Observations 287
R2/adjusted R 0.315/0.305

0.8 1
0.6 1
o~ 1
n
Y—
O 0.4+
S
0.2
0.0 1
Amplitude Watson wind NWSE RMS
Figure3.44 WQ1 bootstrapping relative importance analysis following a stepwise multiple regression analysis. Bars

represent 95% bootstrap confidence intervals, and %Bfalues are normalised to sum 100
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Figure3.45 Partial effect plots for WQ1 parameters affecting the concentration of suspended solids in the water column.
Grey area indicates 9 Cl and rug oxaxis stand for data density
352 WQ2

A stepwise regression analysis was run against the WQ2 data to identify the appropriate variable selection,
excluding autocorrelation and outliers, for the multiple regression analysis. RMS of water depth, Watson
River dscharge, the NESW wind component, and tidal amplitude explainét @tthe SSC variabil(fiyable

3.9). Therelative importance analysis suggested tth&atson River discharge was the most influential
parameter on SSC (42 of overalR), followed by RMS of water depth (38 of overalR?), the NESW wind
component (12 ofoverallR), and tidal amplitude (86 of overalR?) (Figure3.46). Results of the partial
effects plotsfollowed expected trends for SSC in relation to each environmental parameter selected in the
model Figure3.47).
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Table3.9 Statistical summary of the stepwise regression analysis to WQ2 data
AMB2
Predictors Estimates (074 P
(Intercept) 3.43 2.73-4.13 <0.001
log(RMS) 0.65 0.52-0.77 <0.001

log(Watson + 1) 021  0.18-0.24 <0.001
wind NESW 0.03  -0.05--0.01 0.014

Amplitude 0.77 0.50-1.04 <0.001

Observations 317
R2/adjusted RZ 0.658/0.654

0.54

0.4

0.34

% of R2

0.24

0.14

0.0

Watson RMS wind_NESW Amplitude

Figure3.46 WQ?2 bootstrapping relative importance analysis following a stepwise multiple regression analysis. Bars
represent 95% bootstrap confidence intervals, and % of r squared values are normalised to $m 100
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Figure3.47 Partial effect plots for WQ2 parameters affecting the concentration of suspended solids in the water column.
Grey area indicates 95% CI and rug @axis stand for data density
353 WQ3

A stepwiseaegression analysis was run against the WQ3 data to identify the appropriate variable selection,
excluding autocorrelation and outliers, for the multiple regression analysis. RMS of water depth and Watson
River discharge were the environmental parametinat were significantly related to SSC, explaining/37

of the SS@ariability Table3.10). The relative importance analysis suggested that RMS of wap#h is the

most influential parameter on SSC @?of overalR®), followed by Watson River discharge (87f overall

R’) (Figure3.48). The partiakffects plot shows that SSC increases in relation to increasing RMS of water
depth, but has a negative relationship with Watson River disch@igere3.49).

Table3.10 Statistical summary of the stepwise regression analysis to WQ3 data
WQ3
Predictors Estimates CI )4
(Intercept) 3.89 325-453 <0.001
log(RMS) 0.62 048-0.76 <0.001

log(Watson +1)  -0.13  -0.16—--0.09 <0.001

Observations 217
R?/ adjusted R2  0.370/0.364
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Figure3.48 WQ3 bootstrapping relative importance analysis followirggepwise multiple regression analysis. Bars
represent 9% bootstrap confidence intervals, and ¥Fbfalues are normalized to sum 100
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Figure3.49 Partial effect plots for WQ3 parameters affecting tencentration of suspended solids in the water column.
Grey area indicates 9% Cl and rug onaxis stand for data density
354 WQ4

A stepwise regression analysis was run against the WQ4 data to identify the appropriate variable selection,
excluding autocorration and outliers, for the multiple regression analysis. Watson River discharge, the
NESW wind component and tidal amplitude together explaine®dl6f SSC variabilitfgble3.11). The
relative importance analysis suggested that tidal amplitude is the most influential parameter on S8C (56
of overallR), followed by the NESW wind component @6of overalR?), and Watson River discharge (17

% of overalR?) (Figure3.50). Results of the partial effects plots followed expected trends for SSC in relation
to each envionmental parameter selected in the modéligure3.51). An increase in SSC was observed with
increases in Watson River discharge and tidal amplitudédewtronger the winds coming from the east (i.e.
positive values for wind NESW) were relateddwer SSC values
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Table3.11 Statistical summary of the stepwise regression analysis to WQ4 data
AMB4
Predictors Estimates CI P
(Intercept) 2.01 1.40-2.63 <0.001

log(Watson +1)  0.09  0.04—0.13  0.001
wind NESW -0.05 -0.08—-0.03 <0.001

Amplitude 1.14 0.75-1.54 <0.001

Observations 285
R2?/ adjusted RZ  0.166/0.157

0.8 .
0.6 1
N
o
w 0.4+
5 -
oS
0.2 1
0.0+
Amplitude wind_NESW Watson
Figure3.50 WQ4 bootstrapping relative importance analysis following a stepwise multiple regression analysis. Bars

represent 9% bootstrap confidence intervals, and %bfalues are normalized to sum 100
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Figure3.51 Partial effect plots for WQ4 parameters affecting the concentration of suspended solids in the water column.

Grey area indicates 9% Cl and rug onaxis stand for data density
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CONCLUSIONS ARECOMMENDATIONS

Conclusions
Climatic conditions

The 20182019 wet season was in the order of tr&0" percentile for rainfall inthe region.An
important factor to considewheninterpreting data during this monitoringeriod. Comparison of
these data withfuture years will be important to characterise ambient water quality conditidns
is important to capture monitoring data over a range of climatic conditions.

The daily average wind speed and direction recorded at Weipa airpoth&reporting period
(20182019) waspredominantly from the south east aneghst and rarely reached speedseater
than 24 km ht

Ambient water quality

There isa seasonal pattern for water temperature emerging, with highester temperatures
experienced during summer months, while winter months experience cooler conditions. This
pattern willcontinue tobe monitored in future repoiihg years

The water columns well mixed, withdepth profiles for dissolved oxygen, temperature eetrical
conductivity and ptshowing only minor gradients of change.

Turbidityvalues aregenerally higher atlepth, contributing to adifference in water clarity between

the surface and bottom water horizons. Higherbidity values at the bottom water drizon is
probably related taARMS wave height, currents, asddimentresuspension processetshe elevated
turbidity in the bottom horizon becomes an important consideration when examining sensitive
receptor habitats, such as seagrass which are sensdiveter clarity changes. Measuring bottom
horizon turbidity is a very relevant component of this program; surface measurements for turbidity,
or indeed suspended solid concentrations, might not be an entirely relevant measure when the
objective is to protet and enhance benthic habitats.

Particulate nitrogen(PN)and phosphorugPP) concentrations exceegplideline values during all
20182019surveys and at all sites

ChlorophyHa concentrations exceeduideline valuesluring all 2018019 surveys and at all sites
Phytoplankton and zooplankton communities had a very different species composition between
surveys completed so far, which could reflect local seasonal condgithis pattern will be further
explored as mee data becomes available for the region.

Trace metals were generally well below guideline values throughout the reporting year. Zinc was
detected across all sites in April 2018 afidc concentrationsat WP_AMB4exceeded guideline
values in January 2019.

The major pesticide and herbicide concentrations were not detected above the limit of reporting

Sediment deposition and turbidity

Continuous sediment deposition and turbidity logging data supports the pattern found more broadly
in North Queensland coaat marine environments, that during dry periods with minimal rainfall,
elevated turbidity along the coastline is driven by thestespension of sedinmt and this has been
most notable here given the links drawn between RMS water depth and NTUe/SSC.dakg@p
NTUe/SSC and RMS water depth were recorded over periods longer than a week.

Sediment deposition rates around Weipa were much higher than measured acrossnaoitter
Queensland coastal marine sites investigated durirgghimeperiod.
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Photosynthetcally active radiation (PAR)

Finescale patterns of PAR are primarily driven by tidal cycles with fortnightly increases in PAR
coinciding with neap tides and lower tidal flows. Larger episodic events which lead to extended
periods of low light conditions are driven by a combinatiorstobng winds leading to increases in
wave height and resuspension of particles (Orpin and Ridd 2012), and rainfall events resulting from
storms leading to increased catchment flows and an input of suspended solids (Fabricius et al.,
2013).

Patterns ofight were similar among all the coastal sites. Light penetration in water is affected in an
exponential relationship with depth as photons are absorbed and scattered by particulate matter
(Kirk 1985; Davi€olley and Smith 2001). Therefore variation in ttlept each location means
benthic PAR is not directly comparable among sites as a measure of water quality. Generally,
however, shallow inshore sites reached higher levels of benthic PAR and were more variable than
deeper water coastal sites and sites ¢dser proximity to one another were more similar than
distant sites.

While turbidity is the main indicator of water quality used in monitoring of dredge activity and
benthic light is significantly correlated with suspended solid concentrations (Erfesnaeid Lewis

2006; Erftemeijer et al., 2012), the relationship between these two parameters is not always strong
(Sofonia and Unsworth 2010). At many of the sites where both turbidity and benthic light were
measured, the concentration of suspended solilldshe water column explained less than half of

the variation in PAR. As PAR is more biologically relevant to the health of photosynthetic benthic
habitats such as seagrass, algae and corals it is becoming more useful as a management response
tool when usel in conjunction with known thresholds for healthy growth for these habitats (e.g.,
Chartrand et al., 2012). For this reason, it is important to include photosynthetically active radiation
(PAR) in the suite of water quality variables when capturing loaséline conditions of ambient
water quality.

Recommendations

Given this monitoring programommenced in January 2018nd is now only into its"2full year of
operation itis recommended that the current program remdar the 2019/ 20 period.

Database repository

An electronic version of the ambient marine water quality datablaase been made available to NQBP via

the NQBP Ambient Environmental Monitorirf§harepointwebsite It currently comprises MExcel
Workbooks containing raw data files inclodiresults for water chemistry @situ field measurements,
nutrients, filterable metals, pesticides/herbicides) collected as during the quarterly sampling, and all the
continuous high frequency logger data files for sediment deposition, PAR, turbidity, temperature, and

RMS recorded durinthe period January and July 201Bhis data base continues to be maintained by
TropWATER personal, with back up copy archived on the James Cook University network with restricted
access.
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Al APPENDIX

Al.1 Calibration procedures
Al.1.1 Turbidity/Deposition Calibration

The turbidity and deposition sensors on each instrument are calibrated to a set of plastic optical standards
that give consistent NTU return values. This enables the calculation of raw data values into NTU values. The
NTU values can then be convertedar8SC and ASSD values through the SSC calibration process. Deposition
sensors are calibrated to give measurements in units of mg/cm2 using the methodology outlined in Ridd et
al (2000) and Thomas et al (2003). Instruments are calibrated every six nooratfier every deployment.
Sediment samples are taken at each deployment site and used to determine sediment calibration
coefficients used to account for variations in grain size and shape that can alter the implied SSC value.

Al.1.2 SSC Calibration

An instument is placed in a large container (50 I) with black sides and the output is read on a computer
attached to the logger. Saltwater is used to fill the container. Sediment from the study site is added to a
small container of salt water and agitated. Thet@rasediment slurry is then added to the large container
which is stirred with a small submerged pump. A water sample is taken and analysed for total suspended
sediment (TSS) using standard laboratory techniques in the ACTFR laboratory at JCU wheatitedefocr

these measurements. Approximately 6 different concentrations of sediment are used for each site. TSS is
then plotted against the NTU reading from the logger for each of the different sediment concentrations. A
linear correlation between NTU dr§SC is then calculated. The correlations typically have an r2 value equal
to or greater than 0.9.

Al1.1.3 Light Calibration

The light sensors on each logger are calibrated every six months or after every deployment. The light sensor
is calibrated against aCOR U250A submersible sensor that was calibrated in the factory within the last 12
months. The results of the logger light sensor and LICOR U250A are compared and a calibration coefficient
is used to ensure accurate reporting of PAR data. Arelih comparison between the logger light sensor

and LICOR U250A is made on deployment of the instruments to ensure accurate reporting of the data. In
field calibration of the nephelometer light sensor against the LICOR U250A at varying depth has been carried
out to account for changes in sensitivity changes at depth.

Al.1.4 Pressure Sensor Calibration

All pressure sensors are calibrated against a pressure gauge and the pressure is converted into depth in
metres.
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Al.2 Time Series
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Al.2.2 WQ2
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A1.2.3 WQ3
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Al1.3 Monthly statistics

A1.3.1 WQ1

SSC 07/2018 08/2018 09/2018 10/2018 11/2018 12/2018 01/2019 02/2019 03/2019 04/2019 05/2019 06/2019 07/2019
Mean 7.00 1223 5.23 7.55 6.62 2121 10.78 398 2584 1072 29.77 13.96 14.13
median 4.36 7.72 3.11 5.58 435 1453 5.01 2.59 7.26 5.16 5.18 7.87 7.29
min 0.52 0.00 0.10 1.07 0.00 3.06 0.00 0.14 0.00 0.48 0.00 0.00 0.01
lower 2.45 3.39 1.70 3.52 1.58 9.79 2.39 1.48 3.53 3.19 2.74 3.77 3.94
upper 8.28  16.00 6.82 9.80 923 2819 1264 470 2274 958  14.17 18.84  19.46
max 64.11 24651 59.14 7871 56.77 23957 155.97 29.12 389.70 35524 891.62 108.65 104.52

90" percentile 15.56 27.77 12.12 15.71 16.35 43.83 31.86 8.27 64.83 18.67 51.17 34.76 38.62
10" percentile 1.55 1.81 0.99 2.27 0.45 7.41 0.83 0.91 1.75 2.15 1.60 2.10 2.23

n 2436 4354 2907 3815 3569 3365 783 329 4419 4291 4390 4311 1865
St. Dev 7.58 13.96 5.70 5.91 7.09 17.51 14.46 4.20 50.45 22.41 81.27 15.12 15.34
St. Error 0.15 0.21 0.11 0.10 0.12 0.30 0.52 0.23 0.76 0.34 1.23 0.23 0.36

Dep. (mgcriday 07/201 08/201 09/201 10/201 11/201 12/201 01/201 02/201 03/201 04/201 05/201 06/201 07/201
D) 8 8 8 8 8 8 9 9 9 9 9 9 9

Mean 8.37 18.52 8.66 3.71 79.43 9545 5.81 5.55 13.28 6.12 2439 220.84 519.48
median 8.95 17.40 5.79 3.48 58.88  56.35 3.07 3.29 9.37 2.46 17.20 81.07 575.72
min 1.17 3.38 2.72 1.63 0.73 0.47 0.39 0.31 0.64 0.46 0.65 0.98 0.29
lower 4.36 9.36 3.54 2.00 14.98 8.98 0.83 1.64 3.84 1.34 7.49 38.14 1.67
upper 11.98 21.99 10.74 416 106.91 138.33 7.37 9.96 16.41 9.98 34.85 185.31 882.08
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max 17.73 59.04 25.58 8.87 246.14 363.98 32.07 1751 5691 24.62 74.86 1110.29 1039.84
90" percentile 14.42 28.73 16.12 5.73 197.67 293.38 11.66 12.38  31.15 15.04 61.16 776.73 1003.79
10" percentile 1.38 5.93 3.26 1.66 1.45 2.61 0.56 1.09 1.94 1.18 4.13 6.87 0.59
n 17 28 8 8 22 23 16 17 31 30 31 30 13
St. Dev 5.19 13.47 7.64 2.34 77.60 113.50 8.01 5.18 13.57 6.45 22.10 321.77 402.27
St. Error 1.26 2.55 2.70 0.83 16.54  23.67 2.00 1.26 2.44 1.18 3.97 58.75 111.57
RMS 07/2018 08/2018 09/2018 10/2018 11/2018 12/2018 01/2019 02/2019 03/2019 04/2019 05/2019 06/2019 07/2019
Mean 0.0018 0.0019 0.0022 0.0025 0.0043 0.0048 0.0057 0.0057 0.0039 0.0010 0.0031 0.0046 0.0022
median 0.0011 0.0013 0.0015 0.0015 0.0025 0.0036 0.0044 0.0039 0.0026 0.0007 0.0018 0.0026 0.0015
min 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0007 0.0000 0.0000 0.0000 0.0000 0.0003 0.0000
lower 0.0008 0.0009 0.0008 0.0008 0.0014 0.0026 0.0026 0.0020 0.0014 0.0005 0.0011 0.0018 0.0009
upper 0.0017 0.0019 0.0024 0.0026 0.0052 0.0055 0.0071 0.0075 0.0045 0.0009 0.0034 0.0054 0.0022
max 0.0428 0.0463 0.0443 0.0794 0.0628 0.0873 0.0446 0.0734 0.0619 0.0480 0.1203 0.0724 0.0430
90" percentile| 0.0030 0.0033 0.0040 0.0050 0.0097 0.0084 0.0107 0.0129 0.0080 0.0015 0.0071 0.0104 0.0033
10" percentile| 0.0006 0.0007 0.0005 0.0005 0.0008 0.0016 0.0020 0.0011 0.0008 0.0003 0.0007 0.0013 0.0006
n 2448 4383 2913 4460 4241 4464 4262 4026 4464 4314 4457 4316 1869
St. Dev 0.0027 0.0026 0.0029 0.0039 0.0054 0.0044 0.0047 0.0056 0.0047 0.0017 0.0043 0.0048 0.0034
St. Error 0.0001 0.0000 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0000 0.0001 0.0001 0.0001

Temperature 07/2018 08/2018 09/2018 10/2018 11/2018 12/2018 01/2019 02/2019 03/2019 04/2019 05/2019 06/2019 07/2019

Mean 25.85 26.51 27.04 28.44 29.25 31.00 29.88 29.57 29.67 28.99 27.71 25.67 25.72
median 25.84 26.47 27.05 28.80 29.11 31.04 29.80 29.67 29.75 28.98 27.59 25.66 25.82
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min 25.18 25.43 25.97 25.86 27.98 29.27 27.96 27.51 26.62 27.79 26.45 24.66 24.81
lower 25.65 26.20 26.86 27.97 28.72 30.50 29.00 28.53 20.14 28.73 27.26 25.32 25.50
upper 26.02 26.79 27.22 29.21 29.61 31.49 30.88 30.53 30.49 29.33 28.20 25.99 25.95
max 26.74 27.73 27.85 30.61 31.87 32.47 31.85 31.60 31.73 30.31 29.05 27.03 26.29
90" percentile 26.22 27.09 27.42 29.53 30.38 31.83 31.27 30.93 31.08 29.48 28.52 26.24 26.09
10" percentile 25.50 26.02 26.66 26.32 28.34 30.17 28.53 28.09 27.79 28.37 27.03 25.13 25.21
n 2448 4383 2913 4452 4241 4464 4262 4026 4464 4305 4430 4307 1861
St. Dev 0.27 0.42 0.31 1.12 0.77 0.64 1.04 1.09 1.14 0.43 0.56 0.44 0.33
St. Error 0.01 0.01 0.01 0.02 0.01 0.01 0.02 0.02 0.02 0.01 0.01 0.01 0.01
PAR 07/2018 08/2018 09/2018 10/2018 11/2018 12/2018 01/2019 02/2019 03/2019 04/2019 05/2019 06/2019 07/2019
Mean 2.40 2.84 3.10 1.41 2.87 2.29 1.33 0.71 1.90 2.27 2.84 1.43 0.91
median 2.71 2.73 2.88 1.19 2.78 2.05 1.25 0.19 1.56 2.15 2.62 1.37 0.41
min 0.40 1.37 1.08 0.34 0.43 1.07 0.07 0.02 0.00 0.49 0.79 0.23 0.16
lower 1.71 2.13 1.86 0.61 2.35 1.54 0.25 0.06 0.60 1.26 1.98 0.67 0.32
upper 3.04 3.65 422 1.80 3.21 3.31 1.99 0.83 2.66 3.20 3.45 1.99 1.63
max 4.50 4.60 5.34 3.63 6.29 4.19 3.52 5.07 5.86 4.39 5.37 3.16 2.44
90" percentile 3.52 4.20 4.72 3.09 4.44 3.63 2.61 1.30 4.06 3.94 4.57 2.67 2.11
10" percentile 0.55 1.63 1.62 0.46 0.79 1.21 0.09 0.02 0.02 0.97 141 0.43 0.21
n 17 30 20 31 30 31 29 28 31 30 31 30 12
St. Dev 1.15 0.96 1.33 0.95 1.41 0.97 1.02 1.28 1.61 1.14 1.21 0.86 0.84
St. Error 0.28 0.17 0.30 0.17 0.26 0.17 0.19 0.24 0.29 0.21 0.22 0.16 0.24
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A1.3.2 WQ2

Ssc 07/2018 08/2018 09/2018 10/2018 11/2018 12/2018 01/2019 02/2019 03/2019 04/2019 05/2019 06/2019 07/2019
Mean 2.14 4054 217 5.77 6.08 21.82 106.95 419.40 63.04 21.06 19.48 17.97 10.45
median 1.22 3.76 1.86 469 402 12.82 4296 36352  7.44 1749  8.22 9.39  4.70
min 0.00 0.00 0.00  0.46 0.00 1.05 0.00 0.70 0.00 0.00 0.42 0.00 0.51
lower 0.56 1.04 1.20 343 1.84 6.05 577 230.73 234 8.88 4.94 3.87 2.79
upper 250 3025  2.80 6.87 7.86  27.80 160.34 504.02 47.14 29.96 27.88 22.35 13.16
max 2517 619.27 13.86 35.86 52.99 24033 1420.88 4817.42 92566 688.95 103.07 633.20 106.37

90" percentile 449 148.07 4.08 10.47 14.06 49.21 289.16 703.71 211.81 40.71 55.97 46.81 23.99
10" percentile 0.16 0.19 0.64 2.53 0.71 3.86 1.11 147.84 1.12 3.96 3.99 1.96 1.65

n 2447 4370 2766 4463 3856 3240 2198 2929 4403 4179 4358 4313 1116
St. Dev 3.01 83.05 1.53 3.70 6.45 2532 151.74 369.85 129.55 19.54 21.41 26.01 14.30
St. Error 0.06 1.26 0.03 0.06 0.10 0.44 3.24 6.83 1.95 0.30 0.32 0.40 0.43

Dep. (mgcrdday 07/201 08/201 09/201 10/201 11/201 12/201 01/201 02/201 03/201 04/201 05/201 06/201 07/201
D) 8 8 8 8 8 8 9 9 9 9 9 9 9

Mean 3.11 2.77 1.97 10.57 30.99 80.99 3.88 2236 8158 36.03 80.28 12272 38.72
median 2.69 3.01 1.03 7.06 27.33 17.13 2.94 10.69 67.47 2243 1294  28.75 19.42
min 1.52 0.06 0.15 0.58 1.71 1.45 0.51 5.13 12.80 0.53 2.16 1.84 4.80
lower 2.22 0.27 0.57 2.16 9.56 8.51 1.36 7.70 38.96 7.17 6.92 14.09 10.35
upper 3.67 4.60 2.07 13.09 43.61 153.08 411 21.84 12425 5990 89.60 103.46 40.70
max 7.65 6.33 1142 5732 93.81 384.63 1263 81.61 22840 156.81 403.00 706.17 170.04
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90" percentile 4.40 5.34 3.66 25.10 62.81 217.90 9.46 46.45 160.29 76.80 283.15 404.04 69.79
10" percentile 1.76 0.11 0.37 0.87 4.61 4.35 0.72 6.48 19.59 3.12 5.01 5.55 7.71
n 17 30 20 30 26 22 15 7 31 30 31 30 9
St. Dev 1.50 2.17 2.63 12.07 24.60 109.34 3.66 27.01 56.83 37.40 127.87 209.44 51.47
St. Error 0.36 0.40 0.59 2.20 4.82 23.31 0.95 10.21 10.21 6.83 2297  38.24 17.16
RMS 07/2018 08/2018 09/2018 10/2018 11/2018 12/2018 01/2019 02/2019 03/2019 04/2019 05/2019 06/2019 07/2019
Mean 0.012 0.014 0.010 0.012 0.020 0.058 0.096 0.129 0.050 0.008 0.011 0.013 0.011
median 0.010 0.012 0.008 0.008 0.012 0.036 0.061 0.070 0.029 0.007 0.009 0.012 0.010
min 0.002 0.002 0.002 0.000 0.001 0.003 0.001 0.002 0.001 0.000 0.001 0.000 0.003
lower 0.007 0.008 0.006 0.005 0.007 0.021 0.026 0.025 0.008 0.004 0.006 0.007 0.008
upper 0.015 0.017 0.012 0.015 0.025 0.063 0.127 0.200 0.059 0.010 0.014 0.018 0.014
max 0.055 0.086 0.079 0.070 0.212 0.619 0.691 0.624 0.492 0.050 0.104 0.058 0.046

90" percentile 0.020 0.026 0.018 0.025 0.049 0.128 0.232 0.362 0.125 0.016 0.021 0.024 0.018
10" percentile 0.005 0.006 0.004 0.003 0.005 0.013 0.010 0.009 0.005 0.003 0.004 0.005 0.006

n 2448 4384 2766 4463 4240 4458 4120 3982 4464 4207 4461 4316 1239
St. Dev 0.007 0.009 0.007 0.010 0.021 0.068 0.102 0.139 0.066 0.006 0.008 0.008 0.005
St. Error 0.000 0.000 0.000 0.000 0.000 0.001 0.002 0.002 0.001 0.000 0.000 0.000 0.000

|Temperature 07/2018 08/2018 09/2018 10/2018 11/2018 12/2018 01/2019 02/2019 03/2019 04/2019 05/2019 06/2019 O7/2019|
| Mean 25.57 26.19 26.91 28.63 29.83 30.95 29.86 29.40 29.65 28.79 27.61 25.67 25.42|
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median 25.52 26.16 26.93 29.13 29.69 31.02 29.81 29.42 29.58 28.77 27.50 25.62 25.34
min 24.85 25.38 25.97 25.81 28.38 29.17 27.68 27.71 27.50 27.88 26.74 24.92 24.71
lower 25.38 25.90 26.72 27.91 29.28 30.48 290.11 28.53 29.00 28.57 27.15 25.44 25.19
upper 25.70 26.47 27.13 29.51 30.21 31.44 30.79 30.09 30.38 28.97 28.11 25.87 25.62
max 26.63 27.55 27.78 30.45 35.95 32.46 33.53 31.34 31.37 29.59 28.88 26.88 26.29

90" percentile 26.01 26.73 27.29 29.85 31.13 31.86 31.15 30.71 30.93 29.26 28.32 26.17 25.91
10" percentile 25.27 25.67 26.49 26.49 28.91 29.99 28.44 28.19 28.49 28.39 26.98 25.25 25.04

n 2448 4384 2766 4448 4240 4458 4120 3976 4464 4207 4449 4307 1239
St. Dev 0.29 0.41 0.31 1.20 0.80 0.68 1.02 0.94 0.88 0.32 0.51 0.36 0.33
St. Error 0.01 0.01 0.01 0.02 0.01 0.01 0.02 0.01 0.01 0.00 0.01 0.01 0.01
PAR 07/2018 08/2018 09/2018 10/2018 11/2018 12/2018 01/2019 02/2019 03/2019 04/2019 05/2019 06/2019 07/2019
Mean 5.28 4.48 7.34 3.93 4.93 1.32 2.12 2.15 1.31 3.90 10.97 2.63 1.80
median 5.65 4.26 7.33 3.64 4.39 1.01 0.12 0.67 1.00 4.34 11.75 2.17 1.59
min 2.21 2.06 5.84 2.04 0.47 0.12 0.00 0.00 0.00 0.61 3.17 0.27 0.81
lower 3.99 3.31 6.69 3.07 3.54 0.51 0.12 0.00 0.12 2.76 6.25 1.43 1.11
upper 6.74 5.71 8.15 5.00 6.58 1.61 0.63 2.50 2.28 5.06 14.82 3.16 2.21
max 7.37 7.84 8.54 5.88 9.31 3.87 16.96 12.03 4.47 7.51 19.67 9.59 3.34

90" percentile 6.87 6.87 8.35 5.58 8.53 3.16 6.68 7.29 3.13 5.40 17.47 4.60 3.04
10" percentile 3.01 2.70 6.17 2.54 1.31 0.19 0.00 0.00 0.00 1.03 4.72 0.60 0.95

n 17 30 19 31 30 31 28 28 31 28 31 30 9
St. Dev 1.65 1.58 0.86 1.16 2.51 1.14 4.59 3.45 1.32 1.85 5.07 2.03 0.88
St. Error 0.40 0.29 0.20 0.21 0.46 0.21 0.87 0.65 0.24 0.35 0.91 0.37 0.29
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Al1.3.3 WQ3
SSC 07/2018 08/2018 09/2018 10/2018 11/2018 12/2018 01/2019 02/2019 03/2019 04/2019 05/2019 06/2019 07/2019
Mean 2.49 7.05 1.97 2.43 1.78 1.45 1.13 1.70 5.23 1.96
median 2.32 5.79 1.83 2.04 1.44 0.91 1.09 0.92 3.12 1.87
min 0.09 3.46 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.50
lower 1.36 5.05 1.11 1.32 0.79 0.35 0.82 0.51 2.18 141
upper 3.40 7.05 2.64 3.10 2.48 2.08 1.35 1.70 5.91 2.39
max 10.22 79.03 10.42 24.11 15.45 8.73 5.76 58.20 56.70 7.29
90" percentile 4.33 10.04 3.58 4.30 3.52 3.81 1.70 3.05 11.96 2.94
10" percentile 0.83 4.60 0.43 0.84 0.38 0.10 0.53 0.25 1.42 1.10
n 2447 3983 2783 2319 4101 0 761 0 0 3681 4451 4311 1367
St. Dev 1.38 4.76 1.25 1.71 1.42 1.52 0.55 3.29 5.68 0.76
St. Error 0.03 0.08 0.02 0.04 0.02 0.06 0.01 0.05 0.09 0.02

Dep. (mgcrdday 07/201 08/201 09/201 10/201 11/201 12/201 01/201 02/201 03/201 04/201 05/201 06/201 07/201
D) 8 8 8 8 8 8 9 9 9 9 9 9 9

Mean 123.69 64.87 2219 21.97 15.17 4150 44.68 1590 48.28 8259 57.92
median 123.69 33.29 12.46 15.94 0.64 26.09 40.48 1355 49.07 56.78 53.10
min 72.69 0.63 1.25 3.05 0.06 0.43 12.21 0.61 5.40 21.75  38.33
lower 98.19 21.83 7.26 7.28 0.29 11.67  35.49 8.22 20.63 32.65 45.08
upper 149.19 63.75 3255  32.97 13.19 56.13 50.46 19.26 7284 12447  68.00
max 174.69 320.26 78.02 79.70 101.40 218.69 86.29 54.07 123.77 278.51 9451
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90" percentile 164.49 171.35 4469  47.43 46.86 60.83 67.52 3494 8250 169.71 74.58
10" percentile 82.89 11.37 4.95 4.63 0.21 6.23 26.61 3.42 8.14 2471 4259
n 2 0 22 31 25 0 15 15 9 26 31 30 10
St. Dev 72.12 77.11  21.09 19.85 29.09  53.37 20.88 12.82 3141  65.62 17.26
St. Error 51.00 16.44 3.79 3.97 7.51 13.78 6.96 2.51 5.64 11.98 5.46
RMS 07/2018 08/2018 09/2018 10/2018 11/2018 12/2018 01/2019 02/2019 03/2019 04/2019 05/2019 06/2019 07/2019
Mean 0.012 0.014 0.009 0.007 0.012 0.117 0.156 0.055 0.009 0.014 0.020 0.008
median 0.009 0.009 0.008 0.007 0.007 0.070 0.085 0.027 0.007 0.008 0.014 0.007
min 0.001 0.001 0.001 0.001 0.001 0.002 0.000 0.000 0.000 0.000 0.000 0.000
lower 0.007 0.006 0.006 0.005 0.005 0.014 0.025 0.008 0.005 0.005 0.007 0.005
upper 0.014 0.016 0.011 0.009 0.011 0.183 0.236 0.061 0.011 0.017 0.029 0.009
max 0.075 0.123 0.058 0.036 0.128 0.768 1.034 0.729 0.055 0.144 0.113 0.033
90" percentile 0.023 0.033 0.016 0.012 0.029 0.292 0.429 0.144 0.018 0.031 0.044 0.012
10" percentile 0.005 0.004 0.004 0.004 0.004 0.008 0.008 0.005 0.004 0.004 0.004 0.004
n 2448 4464 4306 4459 4101 0 2221 4017 4464 4312 4453 4315 1368
St. Dev 0.009 0.014 0.006 0.004 0.014 0.126 0.173 0.080 0.007 0.015 0.017 0.003
St. Error 0.000 0.000 0.000 0.000 0.000 0.003 0.003 0.001 0.000 0.000 0.000 0.000

|Temperature 07/2018 08/2018 09/2018 10/2018 11/2018 12/2018 01/2019 02/2019 03/2019 04/2019 05/2019 06/2019 O7/2019|
| Mean 25.28 25.79 26.56 27.61 28.46 30.08 28.98 29.71 29.13 27.96 25.67 25.14|
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median 25.26 25.78 26.59 27.71 28.31 30.24 28.79 29.70 29.10 27.78 25.53 25.13
min 24.88 25.24 25.96 26.18 27.35 28.80 28.20 27.81 27.98 27.05 24.91 24.72
lower 25.12 25.64 26.43 27.08 28.01 29.30 28.54 29.34 28.95 27.43 25.39 25.08
upper 25.44 25.93 26.70 28.18 28.71 30.80 29.32 30.27 29.26 28.69 25.69 25.19
max 25.69 26.22 27.20 28.95 30.76 36.04 31.19 31.36 29.86 29.07 27.25 25.38
90" percentile 25.57 26.04 26.80 28.40 29.53 30.97 29.94 30.74 29.46 28.85 26.60 25.24
10" percentile 25.04 25.53 26.20 26.65 27.68 29.15 28.36 28.49 28.87 27.25 25.23 25.06
n 2448 4464 4306 4447 4101 0 2221 4011 4464 4312 4446 4315 1368
St. Dev 0.20 0.20 0.23 0.66 0.69 0.77 0.60 0.78 0.21 0.60 0.48 0.09
St. Error 0.00 0.00 0.00 0.01 0.01 0.02 0.01 0.01 0.00 0.01 0.01 0.00
PAR 07/2018 08/2018 09/2018 10/2018 11/2018 12/2018 01/2019 02/2019 03/2019 04/2019 05/2019 06/2019 07/2019
Mean 2.21 1.2¢ 1.2¢ 2.01 1.97 2.9z 1.4 1.0¢ 2.3¢ 1.3¢ 0.2¢€ 0.61]
median 2.1¢ 1.0¢ 1.2¢ 1.7¢ 1.97 1.2¢ 0.87 0.64 2.3¢ 1.21 0.24 0.63
min 1.37 0.3¢€ 0.3¢€ 1.2t 0.8¢ 0.5¢ 0.0C 0.0C 0.5¢ 0.0¢ 0.0C 0.51
lower 1.7¢ 0.81 0.9¢ 1.65 1.6€ 0.6¢ 0.1¢ 0.1 1.2¢ 0.7z 0.0¢ 0.59
upper 2.6 1.7¢ 1.61 2.41 2.3C 3.97 2.4¢ 1.8¢ 3.0z 1.84 0.44 0.66
max 3.11 2.3C 2.4¢ 3.17 2.7¢€ 8.9¢ 6.4¢ 5.4z 4.9¢ 3.24 0.94 0.67
90" percentilg 2.8¢ 1.8¢ 1.9¢ 2.67 2.5¢ 8.1C 3.2¢ 2.2¢ 4.2¢ 2.6¢€ 0.5z 0.66
10" percentilg 1.5¢ 0.6 0.4¢ 1.4z 1.44 0.62 0.0¢ 0.0C 0.8¢ 0.41 0.0t 0.57
n 17 31 30 31 28 0 15 28 31 30 31 30 10
St. Dev 0.54 0.5¢ 0.5¢ 0.54 0.44 3.04 1.5t 1.2¢ 1.2t 0.8¢ 0.24 0.0¢
St. Error 0.1c 0.1C 0.1C 0.1C 0.0¢ 0.7¢ 0.2¢ 0.2z 0.2t 0.1t 0.04 0.07
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