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EXECUTIVE SUMMARY
Background

1.

North Queensland Bulk Ports has implemented an ambient marine water quality monitoring
program surrounding the Ports of Mackay andyHPint since July 2014. The objective of the
program is to progress a long term water quality dataset to characterise marine water quality
conditions within the Mackay region that will support future planned port activities.

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

Sites extend approximately 60km along the Mackay coastline, from Slade Islet to Freshwater
Point,and offshore to Keswick Island. Sites in the network align with key sensitive receptor
habitats (e.g. corals or seagrass), along with key features in the study region (e.g. river flow
points). Coral and seagrass receptor habitat assessments are completedvailable in
companion reports available on the TropWATER websiter.tropwater.com).

Climatic conditions

1.

The total 2018/19 wet season rainfall at Plane Creek Sugar Mill (17 km linear from Hay Point)
was 1465mm, this is the second highest rainfall total as part of this ambient program,
however, unlike in past years the total rainfall was spread over several events that extended
into July 2019

The daily average wind speed and direction recorded at Mackapraifor this reporting
period was predominantly from the south east and south west. The strongest winds (>24 km
h'Y) were predominantly from the south east (more than 55 % of the days).

Water chemistry

1.

Field water quality conditions were measured at all sites for water temperature, electrical
conductivity, pH, dissolved oxygen, and secchi disk depth on a ~6 weekly basis, for three depth
horizons (surface (0.2m), mid water and bottom).

Seasonal differeras in water quality were minor, except for temperature which continues to
be highest during the summer months.

Water column was well mixed during each survey, with little differences among the three
horizons examined. Secchi disk to depth ratio (Zsdrifjed between 9 and 100 % of the water
column at sites, suggesting that optical water clarity on survey days were generally good.
Particulate nitrogen concentrations continue to exceed water quality guidelines, and were
generally higher during the 2018/2018onitoring period in comparison to previous reporting
periods

ChlorophyHa concentrations were generally elevated above the guidelines, and were
particularly high in January 201® probably in response to elevated available nutrient
concentrations durig these months.

Continuing elevated nutrients and chlorophgliconcentrations in the region highlights
persistent local sources contributing to these concentrations (i.e. catchment runoff from
agriculture or urban centres).

Copper concentrations exceedddNZECC 9% protection guideline valueg MKY_AMB2n
March 2019. All other metals in thdtra-trace suite were present at concentrations lower
than guideline valuesind/or lower thananalyticaldetection limits.

Ametryn Atrazine, Diuron, and Hexaninone were detected at sevemahitoring sites,
particularly during the wet season survey (March 2019). Diuron concentrations exceeded
water quality objectives ahree sites in March 2019
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9. An assessment of the plankton commiyni(both phytoplankton and zooplankton) was
completed during this reporting period. There was a clear separation in the plankton
community between most surveys, suggesting seasonal andamenal variation, and a weak
relationship with available nutriest

10. Trichodesmiunblooms have been noted across the region during most surveys for the past
few years, primarily during late spring and early summer. These algal blooms may contribute
to elevated nutrient levels through nutrient reprocessing.

High frequerty loggers

1. Continuous sediment deposition and turbidity logging data supports the pattern found more
broadly innorth Queensland coastal marine environments, that during dry periods with
minimal rainfall, elevated turbidity along the coastline is driventhg re-suspension of
sediment, 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. This is similar to the pattern oleskin long term annual data
sets at these sites.

2. Another important finding here was that deposition data did not indicate large deposits
occurring at any of the monitored sites, and this is likely attributed tsusgpension of
sediment by wave energy. S8ontinues to regularly exceeglevant water quality guidelines
at all sites, indicating that the development of local water quality guidelines is prudsst.
part of this local water quality guideline development, it is recommended that the guidelines
apply to benthic waters, adjacent to sensitive receptor habitats, rather than the current
approach of surface water guidelines that can we well away from important habitats in the
region.

3. Finescale patterns of photosynthetically active radiation (PédRjinue to bedriven 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
combination of strong winds leading to ireses in wave height and resuspension of particles,
and rainfall events resulting from storms leading to increased catchment flod/aainput of
suspended solids this trend was particularly the case given the extended wet season rainfall
and runoff inthe region following the monsoon that covered the region in February 2019.

4. Patterns of light were similar among all the coastal sites. Light penetration in water is affected
in an exponential relationship with depth as photons are absorbed and scattgnedrbiculate
matter. Therefore variation in depth at 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 vautiaéh deeper water coastal
sites, and sites of closer proximity to one another were more similar than distant sites.

5. 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, the relationship
between these two parameters is not always strong. At manheskites 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 photosynthetic benthic habitatsuch 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. For this reason, it is important to include
photosynthetically active radiain (PAR) in the suite of water quality variables when capturing
local baseline conditions of ambient water quality.

6. Overall there was little consistent difference between wet and dry season PAR levels,
suggesting that the increase in available light dgiihe wet season is offset by the increased
cloud cover which has been a pattern found in previous yeawost sites showed no
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difference between wet and dry, while AMB 1 and 2, showed increases of mean and median
values during the dry season and AMB h8wed a derease in mean and median values.

Recommendations

1. The program this reporting period includeghe monitoring sites, which has allowed us to
continue characterising water quality in the Mackay region. It is recommended that these
sameninesitesremain for the 2019/20 period

2. Plankton assemblage sampling should continue. We now have several years of plankton data
(since November 2015), which will allow examination of environmental drivers of plankton
species composition within and among years tcelzplored in future reports.
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1 INTRODUCTION

1.1  Port operations

The Port of Mackay and the Port of Hay Point are situated on the#aleQueensland CoasFigure

1.1). The Port of Mackay is located approximately four kileenehorth of the Pioneer River, and is
enclosed by large break walls that protect the port and marina property, while also allowing exchange
of oceanic waters. The port has a series of operational and associated loading/unloading facilities, and
an extensivenarina operation and commercial fishing fleet. The port is operated by North Queensland
Bulk Ports Corporation (NQBP).

The Port of Hay Point is situated approximately 40kms to the south of Pioneer River and Mackay City.
Two coal terminals operate in the gol) Dalrymple Bay Coal Terminal; and 2) BMA Hay Point Coal
Terminal. Similar to Port of Mackay, NQBP is the authority for the port but does not directly operate
these facilities.

In both ports, routine maintenance dredging is necessary to maintairadEtinavigational depths

within the swing basin and berth areas, departure path and aprons, and Tug Harbour at the Port of
Hay Point. For the Port of Mackay, the most recent dredging campaign was completed in 2013, while
the last maintenance dredging caniga undertaken by NQBP at the Port of Hay Point was completed

in 2010. Any dredging activity necessary in the operating ports in the region are undertaken in
accordance with Commonwealth and State approvals with management objectives guided by the Port
of Mackay Long Term Dredge Management Plan and the Port of Hay Point Dredge Management Plan.

1.2  Program outline

Routine maintenance dredging is periodically required at the Port of Mackay and Hay Point to maintain
vessel navigational depths. NQBP are committedomplete a range of monitoring programs specific

to each dredge campaign with the objective of identifying direct impacts of the dredging activity. In
order to better define the potential impacts associated with port operations and to characterise the
natural variability in key water quality parameters within the adjacent sensitive habitats, NQBP
committed an ambient marine water quality monitoring program in and around the coastal waters of
the Port of Hay Point and the Port of Mack#&yglrel.l; Tablel.1). As part of this program, water
quality paameters are being investigated at a range of sites, including a control site in the southern
Whitsunday Islands (Keswick Island; AMB12). This monitoring program contains a range of ambient
water quality components that collectively continue to charactetimenatural variability in key water
quality parameters, including those experienced at the nearest sensitive receiving habitats for both
Ports.
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‘AMB‘IO

Figurel.l Locations of theambient marine water quality monoring program sites during 20189
program.
Tablel.1 Locations of the ambient marine water quality monitoring program sites
Location AMB site no. Lat. Long.  Water quality Deposiion/PAR logger
Freshwater Point MKY_AMB1 -21.42  149.34 Yes Yes
Hay Reef MKY_AMB2 -21.26  149.30 Yes Yes
Round Top Island MKY_AMB3B -21.17 149.26 Yes Yes
Slade Island MKY_AMB5 -21.09 149.24 Yes Yes
Dudgeon Point MKY_AMB6B  -21.24 149.25 Yes PAR loggeronly
Spoil Grounds MKY_AMBS8 -21.18 149.30 Yes Yes
Victor Island MKY_AMB10 -21.32 149.32 Yes Yes
Mackay Harbour MKY_AMB11 -21.11 149.22 Yes No
Keswick Island MKY_AMB12 -20.93 149.42 Yes Yes

1.3 Rainfall and river flows

Total rainfallduring the 2018/2019 wet season period w465 mm, placing it as a slightly above
average wet seasan comparison to wet season totals since 1910/1@Rigjurel.2). Rainfall in recent
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years has also been highlightadlicatingthe high interannual variabilityof rainfall. This highlights
the necessity fola long term commitment to ambient marine monitoring progratascapture and

understand this variability

2016-2017

2018-2019

2015-2016|

2013-2014

2017-20(18

2014-2015

0 1000 2000 3000
Wet season rainfall (mm)

Figurel.2 Wet season rainfall for the Bowen region ranked in order of decreasing total wet season rainfall
(mm). Daily rainfall data was obtained from tBareau of Meteorologylane Creek Sugar Mill
weather station Station number 033059 Totalswere calculated for the wet season periodf 1
November to 3% March for each reporting yeaRedbar represents the current 2018/19
ambient marine water quality onitoring period blue bars show total rainfall over the previous
five reporting years Solid red line represents median wet season rainfall 1910/11 to 2018/19
and dashed red lines represesit, 20", 80", and %™ percentiles.

A hydrograph for Pioneer River shoans increase in river dischargeiringthe 2018/2019 reporting
periodin comparison to the 2017/18 reporting peridBigurel.3). Specifically there was a sustained
discharge event throughout February 20Heavy rainfall occurred in late January and early February
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2019 due tothe convergence of an active monsoon trough and stoeving lowpressure system
(Figurel.4) causing increased river discharge

Y W _A_)«_L_UL_

0_

A

wWo o an® Wb Wt e e
S 8 et 8 e

Wo o
oV 0\\01 o

o wo
UL o

Date

Figurel.3 DischarggML d*) recorded forthe Pioneer Rive(station number: 125007Agince 2014The
line colour indicates monitoring period: black = 2(A@15, orange = 2012016, blue =
20162017, green = 2012018, yellow = 208/2019.
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Palmerville:

Rainfall (mm)

Innisfail 1600 mm
1200 mm
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600 mm
Townsville 400 mm
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50 mm

25 mm

10 mm

0 mm
© Commonwealth of Australia 2019, Australian Bureau of Meteorology ID code: Anlyser Issued: 03/03/2019
Figurel.4 Heavy rainfall occurred in the regidretween 28" January to9™ February 2019 due tthe

convergence of an active monsoon trough and stoeving low pressure systen$ource
Commonwealth of Australia 2019, Special Climate Statemeqa®3xtendederiod of heavy
rainfall and flooding in tropical Queensland.

1.4  Wind for Mackay Airport

The daily average wind speed and direction recorded at Mackay airport for the reporting period
(2018/2019) is predominantly from the south east and south west, with ntben 55% of the days
reaching wind speeds greater than Reh h* (Figurel.5). Overall, the dominance of south east winds

is consistent with previous amitoring periods, and wind rarely came from the north east direction
during this reporting period (<% of the days in 2018019).
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Figurel.5 Daily average wind direction and strength recorded in Mackgyort during each monitoring
period.

1.5 Project objectives

The goal of the program is to characterise the ambient marine water quality monitoring within the
region within and adjacent to Port of Mackay and Hay Point. This report provides a review arsisanal
of data collected between July 2018 and July 20¢8ile in some cases comparing to data collected
over previous yearsThese data are part of a long term commitment to monitor and characterise
receiving water quality conditioria the Port of Hay Pot and Port of Mackayin particular to support
future planned asset management and protection for both these ports.
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2 METHODOLOGY
2.1  Ambient water quality

Spot water quality samples were collectatisites approximately on aseek basisfrom a reseach
vessel(Table2.1). A multiprobe wasused to measurevater temperature,salinity, dissolvel oxygen
(%), pH, and turbidityFigure 2.1). The multiprobe was calibrated against standard solutions in the
laboratory prior to each monitoring eventhese field in-situ measurements are@ecorded at thre
depths: a) surface (0.25m); b) makpth; and ¢) bottomin addition tospot measurements, secathisk
depth was recordedas a measure of the optical clarity of the water colunibepth profiles of
photosyntecially active radiation were recordeding a ICorunderwater sensor to calculatiéght
attenuationin the water columnThe measurements assist characterisig water quality conditions

in the water columnbuilding on the data collected in these waters since 2014

A review of available reportgveals that water quality conditions in the coastal region of Mackay and
Hay Point are variabl@Valtham et al., 2015, Waltham, et al., 2016, Waltham et al., 2047} is
stronglyinfluenced by local activities and contributing catoént runoff during ad following rainfall

in the region On this basis, and in considering key priority outcomes outlined in recently published
Coastal Strategic Assessment and Marine Strategic Assessments for the Great Barrier Reef World
Heritage area (DEHP, 2013; GBRMPA3R@lie water quality program design below was completed.

The listof parameters examined consisted

9 Ultra-trace dissolved metals : arsenic (As), cadmium (GaPper (Cu), mercury (Hg), nickel
(Ni), kad (Pb)and zinc (Zn)

1 Nutrients particulate nitroge and phosphorus

1 ChlorophyHa;

9 Pesticides/herbicides (Low LOR suite (EP2Bd(Ancluding: diuron, ametryn, atrazine,
terbutryn. Note that pesticides are suspected to be in low concentrations during periods of
low rainfall runoff, and only detectabl®llowing rainfall. As a consequence sampling of only
two events at all sites for pesticidesne during the dry and a wekasong though note that
the timing of each are dependent on prevailing weather conditions, so the timing of each
survey could diffefrom year to yearand

1 Phytoplankton and zooplankton collection occurred four times across this reporting period.
The timing of sample collection, similar to pesticides/herbicides, is dependent on prevailing
weather conditions, to capture a range different conditions ranging from wet, dry, late dry,
late wet, post wet etc. This strategy maximises the opportunity to sample under different
conditions, and overtime a stronger understanding of the variability of plankton communities
is possible.
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S

Figure2.1 TropWATER staff conducting field water quality sampling
Table2.1 Summary of instrument maintenance and water quality surveys completed during the
2018/19 reporting period
e CNowia  neames  Peor

July 2018 Yes - - Yes
August 2018 Yes Yes Yes Yes
October 2018 Yes - - Yes
January 2019 Yes - Yes Yes
March 2019 Yes Yes Yes Yes
May 2019 Yes - - Yes
July 2019 Yes - Yes Yes

Sampling methodology, sample bottles, preservation techniques and analytical methodology (NATA
accredited) were in accordance with standard methods,(EHP 2013APHA 208 Standards
Australia 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 TropRA
laboratory. For chlorophylinalysis, water waplaced into a L dark plastic bottle and placed on ice

for transportation back to refrigeration. For dissolveétals and nutrients, water wasassed through

a 0.45 um disposable membrane filtegrtorius) fitted to a sterile 6anL syringel{ivingstone)and

placed into 60 mL bottles (metals) andhQ bottles (nutrients) for 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 falgositive results for reporting; TropWATER, 2015).
Unfiltered sample for total nitrogen and total phosphorus analysis were frazen80mL tube. All
samples ar&kept in the dark and cold until processing in the laborgt except nutrients which are
stored frozen until processing.

Water for chlorophylh determination was filtered through a Whatman 0.45 um GF/F ¢fiass filter
with the addition of approximately 0.2 mL of magnesium carbonate within (less than) 12 dburs
collection. Filterarethen wrapped in aluminium foil ankeptfrozenuntil time of extraction Pigment
determinations from ace®ne extracts of thematerial retained on thdilters were completed using
spectrophotometry

Water samplesvere analysed using the defined analysis methods aetecton limits outlined in
Table2.2. In summary, all nutrients were analysed using colorimetric method on Ol Analytical Flow IV
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Segmented Flow Analysers. Total nitrogen totdl phosphorus and total filterisle nitrogen andotal
filterable phosphoruswere analysed simultaneously after alkaline persulphate digestilerable
heavy metals an@esticidesvere sent for external argse atAustralian Laboratory Service (ALS).

Water quality results are presented throughout this report as boxplots where the median is denoted
as the centre line, the box represent t2€" and 80" quantiles, and whiskers represent theé"sand
95" percentile.

Table2.2 Water analyses performed during the program

Parameter APHA method number Reporting limit

Routine water quality analyses

pH 4500-H* B -
Conductivity (EC) 2510 B 5 pS/cm

Total Suspended Solids (TSS) 2540 D @ 103 - 105°C 0.2 mg/L
Turbidity 2130B 0.1 NTU
Salinity

Dissolved Oxygen

Light Attenuation

Pesticides/herbicides

Organophosphate pesticides In house LC/MS method: EP234A 0.0002-0. 00 1
Thiocarbamates and Carbamates In house LC/MS method: EP234B 0. 0002 ¢g
Thiobencarb

Dinitroanilines In house LC/MS method: EP234C 0. 001 ¢g/
Pendimethalin

Triazinone Herbicides In house LC/MS method: EP234D 0. 0002 ¢g
Hexazinone

Conazole and Aminopyrimidine Fungicides In house LC/MS method: EP234E 0. 0002 ¢g

Propiconazole, Hexaconazole, Difenoconazole, Flusilazole,
Penconazole

Phenylurea Thizdiazolurea Uracil and Sulfonylurea Herbicides In house LC/MS method: EP234F 0. 0002 ¢g

Diuron, Ametryn, Atrazine, Cyanazine, Prometryn, Propazine,
Simazine, Terbuthylazine, Terbutryn

Nutrients

Total Nitrogen and Phosphorus (TN/TP) Simultaneous 4500-NOy F and 25 pg N/L
4500-P F analyses after alkaline Sug PIL
persulphate digestion

Filterable nutrients (nitrate, nitrite, ammonia, Nox) 4500-NOs F 1 pg N/L

Ammonia 4500- NH; G 1 mg N/L

Filterable Reactive Phosphorus (FRP) 4500-P F 1ug P/L

Chlorophyll 10200-H 0.1 pg/L

Trace Metals

Arsenic, Cadmium, Copper, Lead, Nickel, Silver, Zinc, Mercury 3125B ORC/ICP/MS 0.05 to 1

2.2 Plankton community

z

G it aaasSas F cn >Y LIXIFylia2y ySG o0F2N) LIKeG2LIX |
towed behind theresearchvesselat approximately 6 ktfor approximately 100 mA GPSwvaypoint

was recordedat the start and end of each plankton tow. At the end of each plankton tow, the nets

were retrieved, and the contents retained in the plastic jar attached to the wete immediately

transferred to preservatio containers. Samples were identifiedth the aid of dissecting and light
microscopedo the lowest possible taxon.
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Figure2.2 Example fankton sample during November 2015 survey.Tafhodesmiunbloom on sea
surface; b) phytoplankton 66 Y0 (2¢ O0SKAYR (KS &d2NWSe @SaasSt
Harbour) yellow dot ambient marine water quality site, black dots start and end of plankton
tow

2.3 Multiparameter water quality logger

Sedinent deposition,turbidity, photosyntheticallyavailable adiation (PAR), water depthgot mean

squared (RMS) water depth and water temperature were measureghah siteusing multiparameter

water quality instruments manufactured at thdarine Geophysics Laboratory, Sohof Engineering

and Physical Sciences, James Cook UniveFaiiyré2.3). Thesél y & (i Ndzy Sy ida I NB o6 4SR
Scientific 1000 data logger thhtais been programmed to measure and store these marine physical
parameters using specifically designed sensors.

23



Ambient Marine Water Quality Port of Mackay and Hay PoihtopWATEReport no. 19/31

a) b)

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

2.3.1 Turbidity

The tubidity sensor provides data in Nephelometric Turbidity M G Q& S NTd2&) @ndfcah el 6
calibrated to Suspended Sedimendr@€entration (SSGn mgL?! (Larcombe et al., 1995). The sensor is
located on the side of the logger, pointing parallel lightitting diodes (LED) and transmitted through

a fibre optic bundle. The backscatter probe takes 250 samples in an eight second period tarattain
acarate turbidity value. The logger igrogrammed to take these meamments at 10 minute
intervals.The sensor interface is cleaned by a mechanical wiper at a two hour interval allowing for long
deployment periods where bifouling would otherwise séously affect 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 moeéfective cleaning. 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 prdiffieleent
measurements 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) and enable forattwirate comparison between 90 degree
backscatter and 180 degree backscatter measurements.

2.3.2 Sediment deposition

Deposition is recorded in Accumulated Suspended Sedimemb$tion (ASSD) (nog?). The sensor

is wiped clean of deposited sediment akahour interval to reduce bifouling and enable sensor
sensitivity to remain high. The deposition sensor is positioned inside a small cup shapen(16
diameterx 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 turkittibm the value and rgeros 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 irsggkues in

the data where the sediment is notmoved by the wiper but by seispension due to wave or current
stress. When a major net deposition event is in progress the deposited sediment will be removed by
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the wiper and the deposition sensor reading alfall back to a 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 wipeRidd et al., 2001).

Deposition data is provided as a measumhof deposited sediment in mgn? and as a deposition

rate in mgcm?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 depasitilysis

as it describes 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 sens is used to determine changes in water depth due to tide engroduce 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 watbr(depand Root Mean
Square (RMS) water height are calculated. RMS water hé&ghtjs calculated as follows:

10
Drms= a(Dn- 5)2/n

n=1
Equationl : whereDx is thenth of the 10 readings an®is the mean water depth of the readings.

Theaveragewater depth and RM%vater depth can be usetb analy® the influencethat tide and

water depthmay haveon turbidity, deposition and light levelt an instrument locationThe RMS

water heightis a measure aghort term variation irpressure at the senso Changes in pressure over

a 10 second time period at the sensor are caused by wave en&h\s water height can be used to
analyse the link between wave -gispension and SSC. It is important to clearly establish that RMS
water height is not a measuresnt of wave height at the sea surface. What it does provide is a relative
indication of wave shear stress at the sea floor that is direxiimparable between sites of different
depths. For example, two sites both have the same surface wave height, site d8m deep and has

a measurement of 0.01 RMS water height and site two is 1m 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 andevwvould expect more rguspension due 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 installedwithin a bolt that protrudes from the instrumenand gives sensitive temperature
measurements.

2.3.5 Photosynthetically Active 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 secondpéridetermine total daily PAR
(mol m2d?) the values recorded are multiplied by 600 to provide of PAR for a 10 minute period and
then summed for each day.
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2.4 Marotte current meter

The Marotte HS (High Sampling Rate) is a-titagurrent meter inventedat the Marine Geophysics
Laboratory Figure2.4). The instrument records current speed and direction with an inbuilt
accelerometer and magnetometer. Tharrent speed and direction data are smoothed over a 10
minute 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 asa way to trial new technology, gather new data and to value add to project outcomes and
deliverables.

a .
) e Electronics Housing

Tether

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

2.4.1 Measuring environmental controls on SSC

Stepwise regression analysiasusedto investigate the environmental controls on SSC at the ambient
sites with data selected including:
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(a) Ambient sites:

[1] "Freshwate Point" [2] "Hay Point Reef"
[3] "Keswick Is" [4] "Round Top Is"
[5] "Slade Is" [6] "Victor Is"

(b) River Gauge Station:
[1] "Sandy" [2] "Pioneer"

(c) Wind Station:

[1] "Station 33113 Mackay"

(d) Tide Gauge Station:

[1] "Port of Mackay"

In this assessment, the environmental parameters with control on SSC were analysed by stepwise
regression analysis followed by relative importance analysis (Gromping, 2006) using R language (R Core
Team, 2015). The stepwise analysis allowed the selectidmeogéivironmental variables that explain

the SSC variability in the water column. 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 plot analysis
(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 kedgtant (Crawley, 2007). The data

set used in the stepwise analysis wast@nsformed, if needed, 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 the Pioneer and Sandy River discharges.
These rivers were selected due to their proximity to the sampling sites. The Rocky River gauge station
was ceased in November, 2014, so it was not include in the andf§@ismum tide amplitude was
calculated as the maximum absolute difference between two consecutive maximum or minimum tide
readings. Wind components were calculated as the mean value of 8 daily measurements decomposed
to in two diagonals, NiSW and NWSE. Vaables presenting autocorrelation were excluded based on

a variance inflation test (Fox and Monett, 1992) > 4 and outliers were removed based on Bonferroni
Outlier Test (Cook and Weisberg 1982).
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3 RESULTSNDDISCUSSION

3.1  Ambient water quality
3.1.1 Spot waterquality physiochemical

For the reporting period between July 2018 and July 2019 water temperature ranged between 20 and
30°C, which is consistent with previous reporting perideigre3.1). There continues to be a strong
seasonal effect on water temperatures in the region, with the highest water temperatures observed
during surveys in the summer months, and cool water temperatures observed duringititer
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 essential interpretatiiel 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 trout; Johansen et
al. 201L5). 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 columnKigure3.2). Overall EC has remained between 51amS and 57 m$m?,
generally indicating oceanic conditions. It is important to note that during September 201 7dbedc

2018 salinity (ppt) was 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. While the relatiomglbetween laboratory EC and salinity was good, the
corrected EC field data (shownhkigure3.2) appears to be more stable among sites and surveysdsn th
reporting period. The data is presented here for completeness, but use of these data will require
caution.

Dissolved oxygen saturation levels ranged between 80 to%2pigure3.3). There was some local
variability among sites, with the lowest levels recorded at AMB11 (Mackay Marina) at the bottom
horizon (and this has been a common observation over the years). Tranréashe lower dissolved
oxygen in the marina is possibly due to the enclosed nature of this facility, with reduced tidal exchange
and therefore circulation of waters, and a small wind fetch which may liritxgeyenating the water
column profile. Howewve despite these data during each survey fish are continually present in the
marina, suggesting that conditions are not critical or require management intervention. If periods
occurred when conditions were critical, then it seems fish could easily swiwf dlé marina facility.

For all other sites, the water column continues to be well miatdough there is a subtle oxycline

with dissolved oxygenoncentrationsdecreasing with depth.

Field pH measurements were stable across sites and depths primargingabetween 8.0 and 8.5
during 2018/2019 Kigure3.4). However, surface measurements were slightly more acidic (< 7.9) in
comparison to bottom measureemts Figure3.4a), although still within expected range for marine
waters (ANZECC, 2000). Similar to previous monitoring periods, pH levels werelyetdtile across

all sites during 2012018 Figure3.4b).

Field turbidity measurements typically ranged between <1 to 150 NTU duringZiiBEigure3.5).
Turbidity was similar among sites and relatively consistent throughout the water column during this
reporting period Figure3.5b). Secchi disk depth (m) is a vertical measure of the optical clarity of water
column and ranged between 1 and &6(Figure3.6a). The range measured is a response to localised
variation in water quality, most likely a difference in tidal stage among sites during a susoeye

sites may have been surveyed on an elgbim flooding tide where water depth was lower or higher,
short term localised changes in turbidity that is associated with tide (see section 3.2) or algal blooms
that reduce vertical clarity. The secchi disk depth to depth raso.ZZFigure3.6b) is a more relevant
calculation for water clarity, which corrects the secchi disk depth for water depth. This ratio ranged
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between 9 and 100% of the water catm, which means that water clarity ranged between 9% of the
water through to the entire water column.

a)

Temperature (°C)

Bottom Widdle Surface

b) Bottom Middle Surface
L 1 (L Ll g
el gk LLL g o) LU e R L
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o __,TT_ o
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Figure3.1

Water temperature box plots recorded: (a) the three depth horizons during each s(sitey
pooled) where colour indicates monitoring period: black = 2014/2015, orange = 2015/2016,
blue = 2016/2017, green = 2017/2018, and yellow = 2018/2019; and (b) the three depth
horizons for each site (pooled across all four sampling periods duringZtiig)
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Figure3.2 Electrical conductivitypox plots recorded: (a) three depth horizons during each survey (sites

pooled) where colour indicates monitoring period: black = 2014/2015, oran2@15/2016,
blue = 2016/2017green = 2017/2018and yellow = 2018/201%nd (b) the three depth
horizons for each site (pooled across all four sampling periods duringZis}
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Figure3.3 Dissolved oxygebox plots recorded: (a) the three depth horizons during each survey (sites
pooled) where colour indicates monitoring period: black = 2014/2015, orange = 2015/2016,
blue = 2016/2017; and green = 2017/2018, and yellow = 2018/2019; and (b) the three depth
horizons for each site (pooled across all four sampling periods duringZm1)
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Figure3.4

pH box plots recorded: (a) the three depth horizons during each survey (sites pooled) where
colour indicates momoring period: black = 2014/2015, orange = 2015/2016, blue = 2016/2017,
green = 2017/2018, and yellow = 2018/2019; and (b) the three depth horizons for each site
(pooled across all four sampling periods during 22049)
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2016/2017 green = 2017/2018and yellow 2018/2019 and (b) the three depth horizons for
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Figure3.6 a) Water secchi disk depth for all sites (surveys pooled for all monitoring periods221B3;

and (b) light attention depth to depth ratio & Z) for sites (surveys pooled for all monitoring
periods 20142019)

3.1.2 Nutrients and chlorophyHa

Particulate nitogen (PN) and phosphorus (PP) concentrations were compared to local water quality
guidelines for the MackayWhitsunday Water Quality Improvement Plan (Folker et al. 2014; Drewry et
al. 2008), the Water Quality Guidelines for the Great Barrier Marine RatloAty (GBRMPA, 2010)

and the Queensland Water Quality Guidelines (DEHB3)2(Particulate nitrogen concentrations
continue to exceed the guidelines, and were generally higher during the 2018/2019 monitoring period
in comparison to previous reportirgeriods Figure3.7a). Despite high concentrations during certain
months, PN is generally similar across all siEggufe3.7b).
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High concentrations of PN might be associated with the contribution from local land use actrities,

gAGK GKAA &SI ND&a NI A ytfetefwbuld Besll SomR hagedflowh fbrid Bversvdzf @  H
potentially contributingnutrient loadings tahis coastal regionBrodie et al. 2012; Kroon et al. 2012;
Schaffelke et al. 2012; Logan et al. 2014). In addition, other sources of the nutrients might be via
remobilisation ofcoastal sediments, and release of available nutrients adsorbed to coastal sediments
(Devlin et al. 2012). In addition, elevated nutrients might also be related to reprocessing of nutrients

with algal blooms, where there has been an obvidtishodesmiun{amarine cyanobacteria; Capone

et al. 1997) bloom across the region during most surveys, but most notably during late spring and early
summer surveys. This pattern has been recorded for the past few years (Waltham et &)., 201

Particulatephosphorus corentrations continue to be variable from survey to survey and site to site
with no apparent seasonal patterifrigure3.8). October 2018, January 2019,daApril 2019 showed
the highest concentration of PP over the entire monitoring period, exceeding the M&¢kagunday
water quality objective values (Folker et al., 2014). AMB11 (Mablayna) and AMB2 (Hay Réef
showed the highest concentrations, whichight related to local urban stormwater runofFigure
3.8b).

ChlorophyHa concentrations were generally elevated above the guidelines, and were particularly high
in January 2019Higure 3.9). This has been a trend since theogram commencedver all fve
monitoring periods (201-£2019).

Relationships between nutrient levels (i.e. PN, PP, Gplyila, and Phaeophytia) across all sites
and sampling periods were positive but weak (correlation coefficients (r) ranged betwgenq 0.4;
Figure 3.10). Principal component analysis was used to further explore patterns in nutrient
concentrationsamong sitesThe PCA showehat most coastal sites have higher nutrient, chlorophyll

a, and phaeophytira levels in comparison to offshore sitdsigure3.11). However, one exception is
AMBS5, which is an offshore site with relatively high nutrient, chloropdaytind phaeophytira
concentrationgFigure3.11).
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Figure3.7 Particulate nitrogen box plots: (a) the three depth horizons during each survey (sites pooled)

where colour indicates monitoring period: black = 2014/2015, orange = 2015/2016, blue =
2016/2017, green = 2017/2018, andllgev = 2018/2019; and (b) pooled at each site across
all four sampling periods during 202019
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Figure3.8 Particulate phosphorus box plots: (a) the three depth horizons during each survey (sites
pooled) where colour indicates monitoring perididack = 204/2015, orange = 2015/2016,
blue = 2016/201/green = 2017/2018and yellow = 2018/201%nd (b)pooled ateach site
across all fousampling periods during 2012019
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Figure3.10 Scatterplot ofnutrient relationships at pooled across all sites and surveys. Lines of best fit with

95 % confidence intervals are displayed in blue, and correlation coefficients are shown in
corresponding plots. Density plots shéwg-normal distribution of the data, ahtherefore non
parametric spearman correlation was used.
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Figure3.11 Principal components analysis (PCA) exploring relationships between nutbétkvectors)
and sites (blue = offshore, orange = coastaoss all monitoring periods throughout 2614
2019. The95% confidence interval ellipsatiow differences betweemwffshore and coastal
sites Nutrient labels are abbreviated as follows: PP = Parteltaosphorus, PN = Particulate
Nitrogen, TP = Total Phosphorus, TN = Total Nitrogen, TDP = Total Dissolved Phosphorus, TDN
=Total Dissolved Nitrogen, Chlar= Chlorophyla, Phaeoa = Phaeophytha. Total variance
explained by PC1 and PC29%7®%.

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, 20@@pper concentrations exceeded ANZECC 95 % protection guideline
values at MKY_AMB2 in March 2019. Alher metals in the ultrarace suite were present at
concentrations lower than guideline values, and/or lower than analytical detection I{rdisie3.1).

No ANZECC guideline has been established for arsenic. Arsenic is released into the environment
naturally by weathering of arsen@ontaining rocks and volcanic activity. It can be in thenfof As

(1 or As (V), which can be toxic to marine aquatic life. A low reliability maridelige trigger value

2T nlbp2 NHA! & 0 HLbfor Asy(IR has Been derided (ANZECC, 2000), however, these trigger
guidelines are only an indidaé interim working level. Measured concentrations seem to be below
these low reliability guidelines.
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Table3.1 mmary statistics fofilterable metals recorded at all sites during the program. Values are
pooled acrosssites. Values are compared to the ANZECC 95% protection guideline values
(2000). §) sample 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 i 0.2 0.5 0.1 5 0.001

ANZECC - 5.5 13 4.4 70 1.4 15 0.4

Jul-14 Mean 15 <0.2 <1 03 <0.5 <0.1 <5 <0.0001
Min 13 <0.2 <1 0.2 <0.5 <0.1 <5 <0.0001
Max 1.6 <0.2 2 03 <0.5 <0.1 <5 <0.0001
Nov-14 Mean iz <0.2 <1 <0.2 <0.5 <0.1 <5 <0.0001
Min 0.8 <0.2 <1 <0.2 <0.5 <0.1 <5 <0.0001
Max 1.5 <0.2 1 <0.2 <0.5 <0.1 <5 <0.0001
Mar-15 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 1.9 <0.2 2 <0.2 <0.5 <0.1 <5 <0.0001
Aug-15 Mean 1.2 <0.2 <1 <0.2 <0.5 <0.1 <5 <0.0001
Min 1.1 <0.2 <1 <0.2 <0.5 <0.1 <5 <0.0001
Max 1.3 <0.2 1 <0.2 <0.5 <0.1 <5 <0.0001
Nov-15 Mean 1.7 <0.2 <1 <0.2 <0.5 <0.1 <5 <0.0001
Min 1.6 <0.2 <1 <0.2 <0.5 <0.1 <5 <0.0001
Max 19 <0.2 <1 <0.2 <0.5 <0.1 <5 <0.0001
Mar-16 Mean 1.6 <0.2 <1 <0.2 <0.5 <0.1 <5 <0.0001
Min 15 <0.2 <1 <0.2 <0.5 <0.1 <5 <0.0001
Max 1.7 <0.2 1 <0.2 <0.5 <0.1 <5 <0.0001
Dec-16 Mean 1.7 <0.2 <1 <0.2 <0.5 33 <5 <0.0001
Min 1.6 <0.2 <1 <0.2 <0.5 2.6 <5 <0.0001
Max 19 <0.2 <1 <0.2 0.6 5.2 <5 <0.0001
May-17 Mean 1.6 <0.2 <1 <0.2 <0.5 <0.1 <5 <0.0001
Min 14 <0.2 <1 <0.2 <0.5 <0.1 <5 <0.0001
Max 1.8 <0.2 <1 <0.2 0.7 <0.1 <5 <0.0001
Apr-18 Mean 1.8 <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 2 <0.2 <1 <0.2 0.5 <0.1 7 <0.0001
Aug-18 Mean 1.5 <0.2 <1 <0.2 <0.5 <0.1 <5 <0.0001
Min 1.2 <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
Mar-19 Mean 1.8 <0.2 <1 <0.2 <0.5 <0.1 <5 <0.0001
Min 16 <0.2 <1 <0.2 <0.5 <0.1 <5 <0.0001
Max 2 <0.2 3 0.4 <0.5 <0.1 <5 <0.0001
Overall Mean 1.6 <0.2 <1 <0.2 0.6 0.3 <5 <0.0001
Min 0.8 <0.2 <1 <0.2 <0.5 <0.1 <5 <0.0001
Max 2 <0.2 3 0.4 0.7 5.2 7 <0.0001

3.1.4 Water pesticides and herbicides

The major pesticideand herbicidewere not detectecat concentrationsabove reportindimits (Table

3.2). Where possible, these concentrations were compared to the water quality improvement
guidelines for the Great Barrier Reef Marine Park (GBRMB10) and all detected concentrations

were well below the 95% protection values. The MaeWdyitsunday Water Quality Improvement
tftFyQa ol GSN) ljdz2rfAGe 202SO00AGSa ownmnbZ(LOR2 6 SOSN
unchanged since 2008). Dugi this reporting period, Hexaninone, Diuron and Atrazine were again
detected, and probably represergollution from catchmens in the local area, whictland useis
predominately sugar cane (Lewis et al., 2009). Similar to the first year of reportingh@iadit al.

2015), it should be noted that although all detected pesticide levels were belo® YBotection

guidelines, the period of study is focused on post wet and late dry season conditions.
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Table3.2 Summary (average) statistics for pesticides/herbicides recorded at all sites thaing
program (all values are [d). Values are pooled across sites for each survey and compared
to the Water Quality Guidelines for the Great Barrier Reef Marine @&BRMPA, 2010) 95
protection level. MackayVhitsunday Water Quality Improvement Plan 2e€A0P1 Water
vdzZl f AG& hoaSOdsh dfided o asselssrackingl NB |

Survey Guideline Atrazine  Ametyn  Diuron Hexazinone Tebutryn
GBRMPA (2010) 14 1.0 1.6 1.2 -
WQO (WQIP 2014 0.01 0.01 0.01 0.01 0.01
July 2014 0.0006  <0.0004 0.0069 0.0005 0.0009
March 2015 0.0004  <0.0002 0.0045 0.0003 <0.0002
November 2015 0.0004 0.0002 0.0097 0.003 <0.0002
March 2016 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002
December 2016 0.0003 <0.0002 0.0002 0.0003 <0.0002
May 2017 0.0002 <0.0002 <0.0002 0.0005 <0.0002
April 2018 0.0007  <0.0002  0.004 0.0013 0.0001
August 2018 <0.0002 <0.0002 0.0015 0.0005 0.0001
March 2019 0.0036  <0.0002 0.0099 0.0026 0.0001

3.1.5 Ordination of data

Principal components analysis (PCA) was used to explore relationships between physiochemical and
nutrient data collected at the water surface at each site during each sampling campaign. Results
indicate that 37.9% of the variabilityamong sites and sampling campaigns are explained by the
physiochemical and nutrient variablesigure3.12). Electrical conductivity (EC) and pH are tiegly
correlated with dissolved oxygen (DO), and these parameters showadntaral Figure3.12a) and
seasonal differences among sites (Figure 3.18Brnatively, particulate nutrients (PN and PP) and
chlorophylta are all correlated with the first principal component that explains the most variability
(Dim1, 24.8%), with the highest values of these parameters occurring typically in 2015 and 2019
(Figure3.12b). Higher temperatures are also associated with wet seaSmu(e3.12b).
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Figure3.12 Principal components analysis (PCA) exploring relationships between nutrients and
physiochemical parameters (black vectors) and monitoring sites. The @mfidence interval
ellipses show overall differences between: A) sites grouped by year and B) sites grouped by
season. Vector labels are abbreviated as follows: PP = Particulate Phosphorus, PN = Particulate
Nitrogen, EC = Electrical Conductivity, and-ll0lssolved Oxygen. Total variance explained by
Dimension 1 and Dimension 28.4 %

3.2 Plankton communities
3.2.1 Diversity and abundance

A total of 91 phytoplankton species have been identified, comprising cyanobacteria, diatoms,
flagellates and green algae &ax Several species were recorded at all sites, includlappitiaspp,
Bacillariaspp, Bacteriastrumspp, Bellerocheaspp, Rhizosoleniapp, Chaetocerospp, Chaetoceros
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simplex Ceratiumspp, Eucampiaspp, Guinardiaspp, Hilleaspp, Odontella sinesjPleurosigmaspp,
andNaviculaspp. Dudgeon reef (AMB6B) had the highest phytoplankton species richness in February
2018 (29 speciesyvhile Freshwater point (AMB1) had the lowest species richness in September 2017
(4 species)Rigure3.13a). The large increases in phytoplankton abundance at Victor Islet (AMB10),
Slade Island (AMB5) and Round Top Island (AMB3B) in September 2017 were drivenygdoymaril
Trichodesmiunspp, which have not been identified to such abundance siRitgi(e3.13b).

A total of 54 different species of zooplankton were netad during all surveys. Several species were
recorded at all sites, including Acartia pacifica, Calanopia elliptica, Dictocysta spp., Echinoidea,
Flaccisagitta enflata, Favella serrata, Gammaridea, Gastropoda, fish larvae and eggs, Lucifer penicillifer,
Oikopleura diocia, and Siphonophorae. Dudgeon reef (AMB6B) had the highest diversity of
zooplankton species in November 2015 (19 species), while Round Top Island (AMB3B) had the lowest
zooplankton species diversity (3 species) in July 2®i§uie 3.14a). The total abundance of
zooplankton peaked at different times of the year at each site, and was highest at Dudgeon reef
(AMB6B) in April 2016-(gure3.14b).

Overall, the species composition of phytoplankton and zooplankton communities differed primarily
between years Kigure 3.15 & Figure 3.16). In particular, the species composition of plankton
communities were distinct in 2015 and 2016, while phytoplankton species composition was similar
across surveys conducted in 202019 Figure3.15). For zooplankton, species composition in 2017
was distinct from highly similar communities in 2018 and 2Ei§ufe3.16).
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Figure3.14 a) Species richness of zooplankton and b) total abundance of zooplankton at eafci siieh
survey
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Figure3.15 Non-dimensional ordination ot for phytoplankton collected durip six survey periods

throughout20152019. Dashed lines represent 95 confidence interval ellipses for eagkar:
orange = 2015, light blue = 2016, green = 2017, yellow = 2018, and dark blue BaftxlBas
been squaed root transformed on the Bray Curtis distance mat?iR §tress= 0.25
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orange = 2015, light blue = 2016, green = 2017, yellow = 2018, and dark blue BatxlBas
been squared root transformed on the Bray Curtis distance mati»sifess = 0.8)

3.3  Multiparameter water quality logger

Instruments were deplogd at seven sites from July 201@ July 209 (Tablel.1). Using standard
statistics, we describe observed trends and differences between sites and discuss the driving forces in
these environments. Several loggers were not retrieved or floodedrgagips in the data, including

Sept- Janat Spoil grounds, Oetlan at Slade, and Oclan and May June at Hay Reef.

Data is presented as an annual statistical summary of root mean square water height (RMS; m),
suspended sdiment concentration (SS@yg L), sediment deposition rate (mg chday?), water
temperature (°C), and photosynthetically available radiation (PAR; ntaday®) 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 &nd 75
quartiles. The vertical bars represent the range of thd @dd 10" percentiles. Time series and
monthly summaries are included in the appendices.

3.3.1 RMS waer height

AMB12 had lower RMS values than all other sites with a median of less than 0.01 m and the lowest
variance in RMS valueBi@ure3.17, Table3.3). Theseresults are due to the site being positioned in
the lee of Keswick an8t Bees Islands that shelter it from wind and waves. AMB2 and AMB3 have
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The RMS water height time series shows that large peaks occur at the samestoes multiple sites
throughout the year Appendix A2 These synchronised peaks are due to weather driven wave events
being the strongest driver of wave shear stress on the ocean floor. Differences in RMS among sites is
due to variations in site exposuend water depth. The monthly summaries indicated that RMS was
typically highest in Decembdé&iebruary Appendix A).
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Figure3.17 Box plot of root mean square (RMS) of water height (m) from July 2018 2018y The lower
whisker, lower edge of the box, central line, upper edge of the box and upper whisker represent
the 10", 25", 50", 78" and 90" percentiles, respectively. The diamonds represent the mean

values.
Table3.3 Summary of RMS water height (m) from July 2018 to July 2019.
AMB 1: AMB 2: AMB 3b: AMB 5: AMB 8: AMB 10: AMB 12:
Freshwater Point Hay Reef Roundtop Island Slade Island Spoil ground Victor Island Keswick Island

Mean 0.042 0.028 0.033 0.061 0.042 0.038 0.010
Median 0.030 0.016 0.022 0.046 0.029 0.027 0.007
Minimum 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Lower quartile 0.016 0.005 0.012 0.026 0.015 0.016 0.004
Upper quartile 0.056 0.038 0.041 0.082 0.055 0.049 0.013
Maximum 0.388 3.853 0.375 0.639 3.338 0.378 0.166
90th percentile 0.090 0.072 0.071 0.126 0.092 0.079 0.023
10th percentile 0.010 0.000 0.008 0.016 0.009 0.010 0.002
n 51234 27470 52644 32146 23648 52399 52686
St. Dev 0.037 0.042 0.032 0.049 0.046 0.032 0.011
St. Error <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
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3.3.2 NTUe/SSC

The NTUe/SSC time series data at each site follows a typical pattern of low background values with
recurring peak events (Appendix A2). These peak events occurted aame times at each site and

often coincide with peaks in RMS water height. Peaks in SSC occurred throughout thpyesud{x

A3). This is a typical patteras identified in past reports and is similar to data collected in coastal
locations in north Qeensland (Ridd et al., 2001). Differences in SSC between sites result from
differences in RMS water height, site depth, benthic geology, hydrodynamics and proximity to river
mouths. High variance in NTUe/SSC is the result of large spikes in suspendszhsediven by the
re-suspension of sediment due to weather driven wave events.

AMB3 and AMB12 had median SSC values below I'mgd.the leastvariance in SSEifure3.18,
Table3.4). Several factors contribute to low SSC at AMB3, including that the sitdtisred from trade

south east weather systems which could result in lessuspension of sedimentsy wave energy and

that the coarse sediment at this site is not resuspended easily. AMB1, AMB2, AMB5, and AMB10 had
higher median SSC {Z mg [!). Thesesites are closer to the coast and are likely affected by coastal
currents moving across shallow areas with high resuspension rates (Macdonald et al. 2013).
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Figure3.18 Box plot of suspended sedimetwncentration (SSC; mg)Lfrom 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 18, 23", 50", 73" and 90" percentiles, respectively. The diamond represents
the mean value.

Table3.4 Summary of suspended sediment concentration (mgftom July 2018 to July 2019.
AMB 1: AMB 2: AMB 3: AMB 5: AMB 8: AMB 10: AMB 12:
Freshwater Point Hay Reef Roundtop Island Slade Island Spoilground Victor Island Keswick Island
Mean 10.66 16.05 5.62 26.71 48.02 34.01 14.92
Median 2.97 2.02 0.90 4.22 5.87 6.71 0.78
Minimum 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Lower quartile 0.70 0.62 0.25 0.33 1.09 1.80 0.23
Upper quartile 14.09 8.59 4.62 19.48 28.33 27.01 2.71
Maximum 270.09 2624.75 490.17 2677.49 1138.00 646.23 1148.58
90" percentile 27.81 32.98 15.27 58.57 164.80 120.96 32.87
10" percentile 0.00 0.16 0.00 0.00 0.43 0.60 0.00
n 43094 23500 21109 26561 29421 37756 42506
St. Dev 18.98 79.00 18.43 113.48 107.10 67.38 52.10
St. Error 0.09 0.52 0.13 0.70 0.62 0.35 0.25

3.3.3 Deposition

Deposition of sediment is a natural 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.
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The time series of deposition rates indicate that dsition peaks following RMS events but with a lag

so that peak deposition occurs when RMS has decreased to near backdgwalsdfppendix R). An
explanation for this lag is thads waves resuspend sediment, little deposition occurs because the
energy inthe system keeps sediment in suspension. However, when waves decrease and there is no
longer enough energy in the systemkeep sediment in suspension, depositioccurs.

Management of marine habitats requires that sediment deposition be monitored fongdsafrom
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 m§dayi and a daily maximum of

15 mg cnt day?’. However, the Guidelines suggéisat 10 mg crif day? sedimentation is valid in areas

of coarse sediment, large grainsize, or low organic content.

AMB3 and AMB5 had the highest median deposition rates while AMB10 and AMB12 had the lowest
deposition rates Kigure3.19, Table3.5). There was a clear distinction among the upper quartiles
GKSNBoe GKS dzLJLISNJ | dzidNIbraisvIBIE AMBS, MBIB3 xAMBS, ahd AMBS
O2 YLI NBR  2d!mnAiB10 and AWB1Zhe most deposition occurred in Marépril at
several sitesAppendix A).

Differences in deposition rates may be more easily visualised by estimating the thickness of the
sediment deposited. For example, using the relationship between density, masslanide a median

deposition value of 5mg chday*A & SljdzZA @l €t Syd G2 | tFr&SNI 2F aSRAY

assuming a sediment density of 1.5 g&tm
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Figure3.19 Box plot oftwo-hourly deposition rate (mgnr?day?) at the seven sites for the monitoring
perioda) July 208 to July 209, and b)rom July 2017 to July 2018
Table3.5 Summary of the mean daily deposition rate (omg? day?) statistics from July 2018 to July
2019.
AMB 1: AMB 2: AMB 3: AMB 5: AMB 8: AMB 10: AMB 12
Freshwater Point Hay Reef Roundtop Island Slade Island Spoil ground Victor Island Keswick Island
Mean 18.53 20.04 51.43 37.01 43.04 15.79 9.74
Median 4.65 5.64 8.68 7.52 3.44 2.34 3.66
Minimum 0.05 0.03 0.00 0.03 0.00 0.01 0.00
Lower quartile 0.85 1.13 0.90 1.84 0.55 0.66 1.33
Upper quartile 21.64 25.17 36.03 25.80 51.33 9.12 10.57
Maximum 223.47 148.43 1050.50 1250.19 475.86 792.79 172.91
90" percentile 54.71 63.66 90.71 74.05 149.79 30.08 23.27
10" percentile 0.23 0.27 0.25 0.86 0.13 0.20 0.50
n 238 176 347 230 206 279 344
St. Dev 30.16 29.58 139.99 114.79 78.13 61.43 18.60
St. Error 1.96 2.23 7.52 7.57 5.44 3.68 1.00
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3.3.4 Watertemperature

Water temperature was similar among all sit€sgre3.20, Table3.6). Mean monthly temperature
peaked between December and March at approximately 28ApPdndix &); a factor that was also
observed in the field ksitu water temperature surveys. The lowest mean monthly temperatures were
observed between May to July, where values dropped to-2Zl °C (Appendix A3). Decreases
temperature over short time periods match with increases in RMS water depth. Water temperature is
generally not considered to be a compliance condition for approyarations, however the
temperature data presented here holds importance in future interpretation of ecological processes in
the region, and across the GBR (e.g. Johanson et al., 2015).
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Figure3.20 Box plotof 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'th@30
50", 75" and 90 percentiles, respectively. The diamond represents the mean value.
Table3.6 Summary of water temperature (°C) for the monitoring period from July 2018 to July 2019.
INVIERE AMB 2: AMB 3: AMB 5: AMB 8: AMB 10: AMB 12:
Freshwater Point HayReef Roundtop Island Slade Island Spoil ground Victor Island Keswick Island
Mean 23.70 24.49 24.79 23.87 23.99 24.88 23.70
Median 22.90 24.94 25.50 23.21 24.12 25.70 22.90
Minimum 18.86 19.32 19.62 19.57 19.56 19.40 18.86
Lower quartile 20.97 21.44 21.93 21.08 20.83 22.49 20.97
Upper quartile 26.47 26.80 27.22 26.55 26.83 27.28 26.47
Maximum 29.92 31.66 29.70 29.30 28.93 34.55 29.92
90th percentile 28.52 28.40 28.17 28.15 28.16 28.35 28.52
10th percentile 20.04 20.56 20.59 20.36 20.17 20.57 20.04
n 37064 27444 52602 37160 30103 51124 37064
St. Dev 3.05 2.87 2.90 2.88 3.07 291 3.05
St. Error 0.02 0.02 0.01 0.01 0.02 0.01 0.02

3.3.5 Photosynthetically active radiation (PAR)

Benthic PAR was influenced by water depth, as the lowest PAR was measured at deepest sge (AMB
Figure3.21, Table3.7). The highest mediaRAR was measured at AMB12, which is the farthest site

from shore and also the site with the lowe38CRigure3.18). Threed A 1 Sa K R dzLJLIS NJ |j dz NJ
m2d!(AMB3, AMB10, AMB12), indicating that®f days at these sites had greater than 2.8 niol m

2 d-l_
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Figure3.21 Box plot of PAR (mol frday?) 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 thig2H9, 50",
75" and 90" percentiles, respectively. The diamond represents the mean value.

Table3.7 Summary of PAR (molhaay?) from July 2018 to July 2019.
AMB 1: AMB 2: AMB 3: AMBS5: AMB 8: AMB 10: AMB 12:
Freshwater Point Hay Reef Roundtop Island Slade Island Spoil ground Victor Island Keswick Island
Mean 1.40 0.92 1.80 1.02 0.69 1.81 1.95
Median 0.26 0.25 0.50 0.44 0.12 0.86 1.58
Minimum 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Lower quartile 0.01 0.00 0.01 0.01 0.00 0.12 0.61
Upper quartile 2.12 1.61 3.11 1.42 1.01 3.17 2.82
Maximum 11.62 5.60 11.33 6.26 5.03 8.95 7.77
90th percentile 4.40 2.56 5.89 3.32 2.61 491 4.33
10th percentile 0.00 0.00 0.00 0.00 0.00 0.01 0.23
n 356 186 365 257 211 365 365
St. Dev 2.13 1.22 2.42 1.38 1.06 2.07 1.66
St. Error 0.11 0.09 0.13 0.09 0.07 0.11 0.09

Benthic PAR was highly variable throughout the year. For most sites, PAR was highest in July
September and iMarchduring this reporting periogFigure3.22). Semiregular oscillations between

low and high PAR were overridden by larger episodic events caused by stomamfall which
occurred frequently during this reporting perigéigure3.23).
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——Daily total PAR - - -2-wk mean AMB1

——Daily total PAR - - -2-wk mean AMB2

——Daily total PAR - - -2-wk mean AMB3

—Daily total PAR == =-2-wk mean AMBS5

——Daily total PAR ---2-wk mean AMBS8

——Daily total PAR - - -2-wk mean AMB10

——Daily total PAR - - -2-wk mean AMB12

Time series of daily PAR (mof oiay?) from July 2018 to July 2019. Daily PAR igquldn
blue and a Aveek moving average of daily PAR is plotted in red.
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Figure3.23 Monthly boxplots of total daily PAR (molnday?) from July 2018 to July 2019. The lower
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the 10", 25", 50", 78" and 90" percentiles, respectively. The diamond represents the mean
value.
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3.3.6 Similarities in patterns of PAR among sites

There are moderate correlations {R 0.5) between the benthic PAR at 8 of 21 site pairwise
comparisons Figure3.24). The strongesassociations (R>0.65) were between AMB2 and AMB3, 2
and8, 3 and 8, as well as 5 and 10. AMB12 was not correlated with any other of the sites. This analysis
assists in understanding site redundancy opportunities, without missing important detail in
characterising water quality in the region.
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Figure3.24 Scatterplots of the pairwise comparisons among sites indicating the strength of the

relationships between patterns of daily PARv&ues are presented for each comparison

3.3.7 Annual site comparison

Comparison othe data 20142019 provides a perspective of trends in the monitored environment.
Weather can induce small variations between years, but consistent differences between sites suggest
characteristic differences in aquatic environments.

RMS water height
RMSwater height values are expected to change each year if there are changes to the locations where
data was located or a change in weather events for the year. RMS values {2 @D &argely reflected
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the differences observed in previoysars Figure3.25). Slight differencegn RMS are most likely due
to variation in weather between years.

RMS Water Height
vz 2014 - 2015
0.10
=
0o
2
&
ﬁ 008
= .
g 004 . . X
.
0oz L
I I I I
000 T T T T T 1
AMB 1: Freshwater AMB 2: HayReef AMB 12: Keswick AMB 3:Round Top AMB 5: Slade Islet  AMB 10: Victorlsland
Point Island Island
w2 2015 -2016
010
% 008
a
T
3 oos +
3 .
2 om
3 * o -
0oz T I
T T T
000 T T T v
AMB 1: Freshweter  AMB 2 HayReef  AMB 12 Heswick  AMB 3 Round Top  AMB S Slade lslet AMB 10 Victor |dand2MB 8: Spoil Ground
Poirt Izland Iddand
" 2016-2017
0.10
£ oo
3
I
8 006- [
2 . . -
2 oo o "
[ -
0.2 -
1
1 T é [ : 1
0.00 +
AME 1: Freshwater  AMB 2: Hay Reef AME 12: Keswick  AMB 3: Round Top  AMB 5: Slade Islet AMB 10: Victor IslandAME 8 : Spoil Ground
Point Island Island
012
0.10
E o0e
E
=2
2 o0s \ ‘
)
-
; 004
2 * . S
= 002 l
I T T
0.00 + - . . : . -
AME 1: Freshwater AMB 2: Hay Reef  AMB 12: Keswick AME 3: Round Top AMB 5: Slade Islet  AMB 10: Victor AMB 8 Spoil
Paint Iskand Island Island Ground
"] 2018-2019
0.12
0.10
£
=
o008
2
o
E 0.06 \ -
@
=
o
0.04 i . =
-
- I
0.02 T
1 — T I I
0.00 1 =
AMB1: AMBZ: AMBIZ: AMB3: AMBS: AMB10: AMBE:
Freshwater Hay Reef Keswick Round tep Slade Vietor Spoil ground

Figure3.25 Annual summaries of RMS water height (m) from 20049. Note thatthe y-axis scale is

different for 20182019.
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NTUe/SSC

Differences in SSC between sites are largely consistent betyesga Figure3.26). AMB12and AMB3
consistently had the lowest SSC, while AMB1, AMB2, and AMB10 typically had high SSC. Large SSC
events during later years, such as Tropical Cyclone Debbie in 2017, are likely causeinfoetsed

variance compared to the 2012015 year.
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Depositionrate

A similar pattern of deposition rates between sites occurred in 2208 compared to previous years,
although the upper quartiles were substantidtigher Figure3.27). In 20172018, a small increase in
mean deposition was observed at AMB5, but there was no overall trend of increasing or decreasing
deposition rates across all sites. Further analysis an®-2020 data are required to determine what
influenced the higher deposition rates in 202819.
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3.3.8 Seasonal variation: wet vs dry

A comparison of wet and dry season water quality (20049) suggests that the wet season coincides
with increased suspended sediments, increased sediment deposition, and decreased irradiance at
somesites. Temperatures were higher in the wet season at all sites. No clear seasonal pattern was
observed for RMS across all sites.

Sites AMB1, AMB2AMBS5, and AMB10 exhibit strong seasonal differences, including increased SSC
(Figure3.29) and decreased PARigure3.31). AMBS8 had higher suspended sedinmgriut similar

PAR, in the wet season, possibly because this site is at 17 m and PAR is limited by depth. Interestingly,
a different subset of sites (AMB3, AMB10, AMB12) exhibited seasonal differences in sediment
deposition, with higher sediment depositioates observed during the wet seasdfigure3.30).

RMS water height

Wet seasons are associated with large storms, wind and rain. It is often asshatdtdre is a large
difference in wave energy between the wet and dry seasons in the Mackay region, but the combined
data from 20142019 indicate that there isot a large difference in RMS betweseasonsKigure3.28,

all years). For 2018019, there was slightly higher median and upper quartile RMS dthmgvet
season at multiple sites (AMB1, 2, 3, 8, 10).
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Figure3.28 RMS water height box plots for each monitoring site. Boxes represent the wet (1 Nov8tnber
March) and dry seasons (1 Ag@il October) using either one wet season (2@04.9) or all
available wet seasons (20:2019). Notethat a different scale is used for AMB12 compared to

the other sites.
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For most sites, suspended sediment concentrations (SSC) were higher during theasen Figure

3.29). At AMB1, 2, 5, 8, and 10, median and upper quartile SSC increased by at least 50 % during the
wet season relative to dry season (Adbss). However, AMB 3 and 12 did not show elevated SSC during
the wet season. The seasonalesff on SSC is further supported by higher mean arftdp@dcentiles

during the wet season, indicating that high turbidity events were more extreme than in the dry season.

Figure3.29
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Suspended sedimemrbncentration (SSC) box plots for each monitoring site. Boxes represent
the wet (1 NovembeB1 March) and dry seasons (1 A{®1l October) using either one wet
season (2012019) or all available wet seasons (2€D49). Note that different scales are

usedfor different sites.
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2hr deposition rate

Across all monitoring years, median and upper quartile sediment deposition rates in the wet season
were two times higher at four sites (AMB2, 3, 10, 12), approximately equal at one site (AMB5), and
dlightly lower at two sites (AMBBMBS;Figure3.30).
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Figure3.30 Sediment deposition rates (mg Gday?) box plots for each monitoring site. Boxes represent

the wet (1 NovembeB1 March) and dry seasons (1 A{1l October) using either one wet
season (201&019) or all available wet seasons (2819). Note that different scales are
used for differat sites.

Total daily PAR

Even though day length increases in the wet season, four sites had reduced photosynthetically
available radiation (PARigure3.31). Median and upper quartile PAR were lower in the wet season

for four of seven sites (AMB1, AMB2, AMB5, AMB10). Two sites had similar PAR between seasons
(AMB3, AMBS8), and one site had higher PAR in the wet season (AMB12). This suggests thagRigher
(Figure3.29) and/or more cloud cover could be responsible for reduced benthic PAR during the wet
season.
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Water temperature
Median temperatures during the wet season {28°C) are notably higher than in the dry season (22
24 °C Figure3.32).
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Figure3.32 Temperature (°C) box plots for each monitoring site. Boxes represent the wet (1 November
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all available wet seasons (202019).
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3.3.9 Current meter

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 datacurrent rose and average current speed rose
diagrams. 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
everydirection. Presented together these diagrams highlight the prominent direction of current and
the average velocity of the current in this directighshort and long animation illustrating how the
current speed and direction changes over time at each sit@ecessibled view viashaepoint (Figure

3.33). Linksto the videos are provideth Appendix A4.
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Figure3.33 Example screengrab from current speed and direction animations
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AMB 1: Freshwater Point

The current at AMB1 ranges from NWS3& Figure3.34) and lowaverage velocities ranging from 0.05
m s*to 0.11 m ¢ (Figure3.35). The predominanfiow of current is along the coast in both directions
at this sie as expected from the dominant tidal currents.

Speed: = < 0.1 m/s — < 0.2 m/s <0.3m/s
= < 0.4 m/s — < (0.5 m/s Al

Figure3.34 Current rose at AMB 1 for the monitoring period July 2018 to July 2019. The distance from
the origin indicates the count of currents in each difen while the coloured lines indicate
counts of different current velocities.

Figure3.35 Average current speed at AMB1 from July 2018 to July 2019. The distance from origieédicat
the average currenspeed (ms?) in each direction which is in red.

66



Ambient Marine Water Quality Port of Mackay and Hay PoihtopWATEReport no. 19/31

AMB2

The current at AMB2 flows between NW and SE with fast current speeds of 0.27 and 0.30 m/s,

respectively Figure3.36, Figure3.37). Like AMB1the predominant flow of current is along the coast
in both directions at this site as expected from the dominant tidal currents.

Speed: < 0.1 m/s — < 0.2 m/s <03 m/s
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Figure3.36 Current rose at AMB2 for the monitoring period July 2018 to July 2019. The distance from the
origin indicates the count of cuents in each direction while the coloured lines indicate counts
of different current velocities.

Figure3.37 Average current speed at AMB2 from July 2018 to July 2019. The distance from origin indicates
the average current speed (m/s) in each direction which is in red.
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AMB3

The predominant currendirection at AMB3 was NEifure3.38). The fastest avage current speeds
were N (0.33 ns!) and S (0.31 rat; Figure3.39). The predominant NE direction is likely due to the
position on the NW side of thisland. The complicated current directions at AMB3 are likely due to
the site moving during deployments.

w— < 0.1 m/s = < 0.2 m/s <0.3mis
e < 0.4 m/s = < 0.5 m/s Al

Speed:

Figure3.38 Current rose at AMB3 for the monitoring period July 2018 to July 2019. The diftamcthe
origin indicates the count of currents in each direction while the coloured lines indicate
counts of different current velocities.

031

Figure3.39 Average current speed at AMB3 from July 2018 to Jul@ 2The distance from origin indiest
the average current speed (gt) in each direction which is in red.
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AMB5

The prevailing current at Sladanged from WSW to SW with an average speed of 0.55 (Rigure
3.40). In other directions, the average current speed was 0.16r(Figure3.41). Thisstrong SW
current flow is due to the monitoring site location being on the W side by Slade Island.

speed. = < 0.1 m/s = < 0.2 m/s <03 m/is
== < 0.4 m/s = < 0.5 m/s e Al

Figure3.40 Current rose at AMBS5 for the monitoring period July 2018 to July 2019. The distance from the
origin indicates the count of currents in each direction while the coloured lines indicate counts
of different current velocities.

Figure3.41 Average current speed at AMBS5 from July 2018 to July 2019liStaece from origin indicat
the average current speed (gt) in each direction which is in red.
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AMBS8

The current at the Spoil Grounds flowed predominantly to NNE and SSW indicating tidal currents with
a change of direction between the ebb aftabod tides Figure3.42). Average current speeds were 0.28

and 0.27 ns!towards the NNE and SSW, respectivElgre3.43). The currents at AMBS run parallel

with the coast indicating strong tidal influence on the recorded current data.

Speed. < 0.1 m/s < 0.2 mls <03 m/s
<04 m/s = < (0.5 m/s e Al

Figure3.42 Currentrose at AMB8 for the monitoring period July 2018 to July 2019. The distance from the
origin indicates the count of currents in each direction while the coloured lines indicate counts
of different current velocities.

Figure3.43 Average current speed at AMB8 from July 2018 to July 2019. The distance from origin indicates
the average current speed (gt) in each direction which is in red.
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AMB10

The current at Victor Island predominantly flows in the NW &SV directions with average current
speeds of 0.23 and 0.17 s¥, respectively Figure3.44, Figure3.45). Inother directions, cuent speeds
average 0.13.17 mst. The currentsiear AMB10 likely run along the coast, however the current at
the site is affected by its location on the NW side of the island.

Speed. — < (0.1 m/s — < 0.2m/s <03 m/is
e < 0.4 m/s = < (0.5 m/s Al

Figure3.44 Current rose at AMB10 for the monitoring period July 2018 to2dQ. The distance from the
origin indicates the count of currents in each direction while the coloured lines indicate counts
of different current velocities.

Figure3.45 Average current speed at AMBXbm July 2018 to July 2019. The distance from origin
indicates the average current speed 6%) in each direction which is in red.
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AMB12
The current at Keswick Island flows predominantly in the NE direction with average velocity of 0.23 m
s (Figure3.46, Figure3.47).

Speed: < 0.1 m/s <0.3m/s

< 0.4 m/s . e Al
NINVV

Figure3.46 Current rose at AMB12 for the monitoring period July 2018 to July 2019. The distance from
the origin indicates the count of currents in each direction while the coloured lines indicate
counts of differem current velocities.

Figure3.47 Average current speed at AMB12 from July 2018 to July 2019. The distance from origin
indicates the average current speed 6%) in each direction which is in red.

72



Ambient Marine Water Quality Port of Mackay and Hay PoihtopWATEReport no. 19/31

3.4  RiverPlumes
3.4.1 Site specific outputs

Freshwater Point (AMB 1)

A stepwise regression analysis was run against the Freshwater Point data to identify the appropriate
variable selection, excluding autocorrelation and outliers, for the multiple regression analyS$sofRM
water depth, Sandy River discharge, and the NESW wind component explairfédodGhe SSC
variability Table3.8). The relative importance analysis suggested that RMS of water depth is the most
influential parameter on SSC (84 of overall B, followed by Sandy River discharge (NWSE% 9

overall R, and NESW = 0.0% of overall R Figure3.48). Partial effects plotsFigure3.49) followed
expected trends for SSC in relation to each environmental parameter selected in the Qudedll,

an increase in SSC was observed with increases in the environmental predictors. The stronger the
winds coming fom the east (i.e. positive values for wind_NESW) the higher the SSC readings were.
These results are similar to previous years, with the exception of Pioneer River discharge was an
important parameter in the 2018/19 period.

Table3.8 Statistical summary of the stepwise regression analysis to Freshwater Point in 2018/19

Freshwater Point

Predictors Estimates CI p
(Intercept) 531  4.62-6.00 <0.001
log(RMS) 1.15 0.99-1.31 <0.001

log(Sandy + 1)  0.12  0.05-0.18 <0.001

wind NESW 0.01 000-0.02 0.037

Observations 310
R2 / adjusted R 0.486 / 0.481

0.75 1

g 0.504
G
R
0.25 1
000 -
RF:fIS Sall’wdy W\nd_F\JESW
Figure3.48 Freshwater Point bootstrapping relative importance analysis followirsjepwise multiple

regression analysis. Bars represent%®3ootstrap confidence intervals, and % of r squared
values are normalized to sum 100
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Figure3.49 Partial effect plots for Freshwater Poiparameters affecting the concentration of suspended

solids in the water column. Grey area indicates 95% CI and rugxie gtand for data density

Hay Point Reef (AMB 2)

A stepwise regression analysis was run against the Hay Point Reef data to identifgpropriate
variable selection, excluding autocorrelation and outliers, for the multiple regression analysis. RMS of
water depth, tide amplitude, and Pioneer River discharge explainéd 86the SSC variability (Table
3.9). The relative importance anals suggested that the NWSE wind component and Pioneer river
discharge were the two most influential parameters on SS@q44d 4@ of overall R respectively).

RMS of water depth and tidal amplitude also contributed to SSC variability (11 %nof wverall R,
respectively (Figure3.50). Partial effects plotsHigure3.51) followed expected trends for SSC in
relation to eat environmental parameter selected in the model, except for RMS of water depth which
showed SSC to decrease in relation to increasing RMS.
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Table3.9 Statistical summary of the stepwise regression asialjo Hay Point Reef data
Hay Reef
Predictors Estimates CI p
(Intercept) 571 -7.68--3.74 <0.001
log(RMS) 029 -041--0.17 <0.001

log(Pioneer+ 1) 055  037-0.73 <0.001
wind NWSE 009 -0.12--0.06 <0.001

Amplitude 0.26 0.06-047 0.014

Observations 169
R?/adjusted R? 0.357/0.341

0.6
0.4
N
o
Yy—
o
c\Cl
0.2 i
0.0
wind_NWSE Pioneer RMS Amplitude
Figure3.50 Hay Reef bootstrapping relative importance analysis following a stepwise multiple regression

analysis. Bars represent 95% bootstrap confidence intervals, and %qafred values are
normalized to sum 100%
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Figure3.51 Partial effect plots for Hay Reef parameters affecting the concentration of suspended solids in

the water column. Grey area indicates @Cl and rugn xaxis stand for data density

Keswick Island (AMB 12)

A stepwise regression analysis was run against the Keswick Island data to identify the appropriate
variable selection, excluding autocorrelation and outliers, for the multiple regression anaiM8ofR

water depth and tidal amplitude explained ~22 of the SS@ariability Table3.10). The relative
importance analysis suggested that the RMS of water depth was the most influential parameter on SSC
(68 % of overall B, while tidal amplitude accounted for 3 of the overalR (Figure3.52). Partial

effects plots Figure 3.53) followed expected trends for SSC in relation to each environmental
parameter selected in the model, showing a positive relationship between SSC and RMS of water depth
and tidal amplitude. The results are similar to 2016/17, where only RMS of wat¢h deg tidal
amplitude were important in the SSC analysis at this site.

Table3.10 Statistical summary of the stepwise regression analysis to Keswick Island data
Keswick
Predictors Estimates CI p
(Intercept) 129 0.86-1.71 <0.001
log(RMS) 0.19 0.12-0.27 <0.001
Amplitude 0.08 0.04-0.13 0.001

Observations 325
R2/ adjusted R2  0.115/0.109
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Figure3.52 Keswick Island bootstrapping relative importance analysis following a stepwise multiple
regression analysis. Bars represent 95% bootstrap confidence intervals, and % of r squared
values are normalized to sum 100%
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Figure3.53 Partial effect plots for Keswick Island parameters affecting the concentration of suspended

solids in the water column. Grey area indicates 95% CI and rugxis gtand for data density

Round Top Islath (AMB 3)

A stepwise regression analysis was run against the Round Top Island data to identify the appropriate
variable selection, excluding autocorrelation and outliers, for the multiple regression analysis. RMS of
water depth was the only factor influemg SSC, explaining 9d.of thevariability Table3.11). Overall,

an increase in SSC was observed with increases in RMS of water Eigpitte3.54). Theseresults

differ from previous years where Pioneer River discharge, wind_NESW, and tidal amplitude were
important factors in explaining variability in SSC.
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Table3.11 Statistical summary of the eppwise regression analysis to Round Top Island data
Roundtop
Predictors Estimates CI p
(Intercept) 2.66 2.28-3.04 <0.001
log(RMS) 052 042-0.62 <0.001

Observations 153
R?/ adjusted R 0.410/0.406
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Figure3.54 Partial effect plots for Round Top Islafod RMSaffecting the concentration of suspended
solids in the water column. Grey area indicates 95% CI and rugxie stand for data
density

Slade Islet (AMB 5)

A stepwise regression analysis was run against the Slade Islet data to identify the appraprédike v
selection, excluding autocorrelation and outliers, for the multiple regression analysis. RMS of water
depth and Pioneer River discharge explained?4®f the SSC vabidity (Table3.12). The relative
importance analysis suggested that RMS of water depth was the most influential parameter on SSC (74
% of overall B, while Pioneer River discharge accounted for the remainin§o26 the overall R
(Figure3.55). Overall, an increase in SSC was observed with increases in the environmental predictors
(Figure3.56).
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Table3.12 Statistical summary of the stepwise regression analysis to Slade Island data
Slade
Predictors Estimates CI p
(Intercept) 428 295-5.61 <0.001
log(RMS) 126 0.98-1.53 <0.001

log(Pioneer + 1) 024  0.13-0.36 <0.001

Observations 158
R2/ adjusted RZ  0.451 / 0.444

0.75
o -
& 0.50
ks
R
0.25-
0.00
RI\IAS Piorlleer
Figure3.55 Slade Island bootstrapping relative importance analysis following a stepwise multiple

regression analysis. Bars represent®9ootstrap confidence intervals, and % of r squared
values are normalized to sum 100
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Victor Islet(AMB 10)

A stepwise regression analysis was run against the Victor Islet data to identify the appropriate variable
selection, excluding autocorrelation and outliers, for the multiple regression analysis. RMS of water
depth and tide amplitude together explteed 18% of the SS@ariability Table3.13). The relative
importance analysis suggested that RMS of water depth was the most influential parame®Cda35

% of the overall 8, while tidal amplitude provided the remaining?8 of the overall Rvalue Figure

3.57). Partial effects plotsFigure 3.58) followed expected trends for SSC in relation to each
environmental parameter selected in the model. Overall, an increase in SSC was observed with
increa®s in the environmental predictors.

Table3.13 Statistical summary of the stepwise regression analysis to Victor Island data
Victor
Predictors Estimates CI p
(Intercept) 530 4.17-6.44 <0.001
log(RMS) 1.01  0.75-1.27 <0.001
Amplitude 0.17 0.02-0.31 0.025

Observations 295
R2/ adjusted R 0.183 /0.178
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Figure3.57 Victor Island bootstrapping relative importance analysis following a stepwise multiple

regression analysis. Bars represent®%ootstrap confidence intervals, and % of r squared
values are normalized to sum 100
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Figure3.58 Partial effect plots for Victor Island parameters affecting the concentration of suspended solids

in the water column. Grey area indicates®5CI and rug onaxis stand for data density

Relocationground (AMB 8)

A stepwise regression analysis was against the Relocation ground data to identify the appropriate
variable selection, excluding autocorrelation and outliers, for the multiple regression analysis. The
NWSE wind component and Pioneer River discharge explain&ddl®e SSariability Table3.14).

The relative importance analysis suggested that the NWSE wind component was the most influential
parameter on SSC (86 of overall B, while Pioneer River discharge was less important3df the
overall R) (
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Figure3.59). Partial effects plots={gure3.60) show that there was an overall increase in SSC with

increasesin Pioneer River discharge, and a decrease in SSC with strong winds from the west (i.e.
positive NWSE values).

Table3.14 Statistical summary of the stepwise regression analysis to Relocation Ground data

Relocation Grounds
Predictors Estimates Cr p
(Intercept) -1.77  -3.07--047 0.008

log(Pioneer + 1)  0.39 0.21-0.58 <0.001

wind NWSE -0.11  -0.14--0.08 <0.001

Observations 205
R?/adjusted R2  0.293 / 0.286

0.81
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X —1
S 0.4+
=S
0.2
0.01
wind_NWSE Pioneer
Figure3.59 Spoil Grounds bootstrapping relative importance analysitowing a stepwise multiple

regression analysis. Bars represent%®3ootstrap confidence intervals, and % of r squared
values are normalized to sum 100
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CONCLUSIONS AND REGMENDATIONS

Conclusions
Climatic conditions

An important factor to consider imterpreting data during this yeaof monitoring is that the
201819 wet season waaverage for theviackay and Hay Point region.

This highly intemnnual variability in rainfall supports the need for a ldegm program, in
order to fully characterisehe conditions under different climatic patterns.

Comparison of these data with future years will be important to characteniskeient water
quality conditionsCare is needed with the analysis of long term data series, to ensure that
underlying conditios are taken into consideratiothe monitoring program to date has only
had a single year wherget seasorrainfallwaswell above average

The wind speed and direction recorded at Mackay airport during the study period has been a
useful inclusion in thisssessment. The daily average wind speed and direction recorded at
Mackay airport for the reporting period (28419) was, again, predominantly from the south
east and south west. The strongest winds (>24Kinwere predominantlfrom the south east
(morethan %% of the days).

Ambient water quality

There continues to be a strong seasonal pattern for water temperature, with highest
temperatures experienced during summer months, while winter months experience much
cooler conditions. The amplitude in wattmperature across the region between winter and
summer is almost 1%, with typically less than°€ difference through the water column. This
patter is consistent from year to year over tfiee years of this program.

The water column profile for diss@d oxygen, temperature, electrical conductivity and pH
continue to be well mixedalthough there is a subtle oxycline with dissolved oxygen
concentrations decreasing with depth.

Turbidity was generally higher at the bottom horizon at all sites, conttibg to a distinct
separation of water horizons in the multivariate statistics. This pattern for turbidity is probably
related to the bottom horizon proximal to the sea floor and the effects of remobilised
sediments. The elevated turbidity in the bottomrmpn becomes an important consideration
when examining sensitive receptor habitats. Corals and seagrass habitats are sensitive to
water clarity changes, therefore measuring bottom horizon turbidity is a very relevant
component of this program; surface maaements for turbidity, or indeed suspended solid
concentrations, might not be an entirely relevant measure when the objective is to protect
and enhancesensitivebenthic habitats.

Particulate nitrogen and phosphorus aagainelevatedabove guideline vaks throughout

this reporting period indeed the highest among all years that this program has been
progressing Elevated nutrient concentratins in coastal waters of the Mkay region is a
concern andequires ongoing investigation in order to identify broader catchment landscape
processedriving nutrient transport to the coastal ocean and enact effective management
strategies.

ChlorophyHa concentiations continue to exceed regiongliidelinesandare particularlyhigh

in summer months anahen nutrient concentrationsre also high

The species composition of phytoplankton and zooplankton communitiéésred primarily
between yearsin particular, the species composition of plankton communitiesendistinct

in 2015 and 2016, while phytoplankton species composition was similar asurgsys
conducted in 201:2019. For zooplankton, species composition in 2017 was distinct from
highly similar communities in 2018 and 2019.
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1 Copper concentrations exeded ANZECC 95 protection guideline valueg MKY_AMB2n
March 2019. All other metals in thdtra-trace suite were present at concentrations lower
than guideline valuegnd/or lower thananalyticaldetection limits.

1 Ametryn Atrazine, Diuron, and Herinone were detected at severahonitoring sites,
particularly during the wet season survey (March 2019). Diuron concentrations exceeded
water quality objectives athree sites in March 201,9which could be a consequence of the
high rainfall events expesnced in February 2019

1 The database for the region continues to expand, with more data generated under various
environmental conditions particularly given the increased monitoring frequency for
particulate nutrients and chlorophyd.

i Discussions contiruto integrate these data into the Mackay/Whitsunday regional water
quality report card, and could be used to assist developing locally specific water quality
objectives (WQOSs) that are scheduled in the Environmental Protection Act (Queensland).

4.1.3 Sedimentdepositionand turbidity

w Continuous sediment deposition and turbidity logging data supportp#teern found more
broadly in rorth Queensland coastal marine environments, that during dry periods with
minimal rainfall, elevated turbidity along theoastline is driven by the rsuspension of
sediment (Orpin and Ridd 2012), 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 thameek.

w Another important finding here was that deposition data did not indicate large deposits
occurring at any of the monitored sites, and this is likely attributed tesuspension of
sediment by wave energy.

w The five yeatong data set comparing weind dry seasons shows little difference in SSC for
the sites AMB 3 and 12, however there were differences for sites AMB 1, 2, 5, 8, 10, whereby
means and medians were 50 % higher than in the dry season, however there was no discernible
difference in wet ad dry RMS wave height statistics.

4.1.4 Photosynthetically activeadiation (PAR)

w 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 wgadho extended
periods of low light conditions are driven by a combination of strong winds leading to increases
in wave height and resuspension of particles (Orpin and Ridd 2012), and rainfall events
resulting from storms leading to increased catchmfioivs, and an input of suspended solids
(Fabricius et al., 2013).

w Patterns of light 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 ligubezte:
matter (Kirk 1985; DawiSolley and Smith 2001). Therefore variation in depth at each location
means benthic PAR is not directly comparable among sites as a measure of water quality.
Generally, however, shallow inshore sites reached higher le¥ésnthic PAR and were more
variable than deeper water coastal sites and sites of closer proximity to one another were
more similar than distant sites.

w 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 (Erftemeijer and
Lewis 2006; Erftemeijer et al., 2012), the relationship between these two parameters is not
always strong (Sofonia and Unsworth 2010). As PAR is more biologilealgnt to the health
of photosynthetic benthic habitats such as seagrass, algae and corals it is becoming more
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useful as a management response tool when used in conjunction with known thresholds for
healthy growth for these habitats (e.g., Chartrand kt 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.

w Overall there was little consistent differencetieen wet and dry season PAR levels. Four
sites had decreased PAR during the wet season (AMB1, AMB2, AMB5, AMB10); two sites
showed very little difference between wet and dry seasons (AMB3, AMBS8); and one site
(AMB12) showed an increase in median PAR atrtitan 80% in the wet season.

4.2 Recommendations
4.2.1 Data base repository

An electronic version of the ambient marine water quality database has been prepared as an annexure
to this report. It currently comprises MSxcel Workbooks containing raw data filesluding results

for water chemistry iQ-situ field measurements, nutrients, filterable metals, pesticides/herbicides),

and all the continuous high frequency logger data files for sediment deposition, PAR, turbidity, water
temperature, and RMS recorded g the period July 2014 and July 2018. This data base continues

to be maintained by TropWATER personnel, with back up copy archived on the James Cook University
network with restricted access.
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Al CALIBRATION PROCEBSR
Al.1 Turbidity/Deposition Calibration

The turbidity and deposition sensors on each instrument are calibrated to afggiastic 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 converted into SSC and ASSD values through the SSC
calibration process. Deposition sensors aalibrated to give measurements in units of mgfaming

the methodology outlined in Riddt al (2001) and Thomat al (2003). Instruments are calibrated

every six months or after every deployment. Sediment samples are taken at each deploymend site an
used to determine sediment calibration coefficients used to account for variations in grain size and
shape that can alter the implied SSC value.

Al.2 SSC Calibration

Aninstrument is placed in a large container [b®ith black sides and the output isa@ 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. The watediment slurry is then added to the large
container which is stirred with amall submerged pump. A water sample is taken and analysed for
total suspended sediment (TSS) using standard laboratory techniques in the ACTFR laboratory at JCU
which is accredited for these measurements. Approximately 6 different concentrations of sgdime

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 and SSC is then calculated. The
correlations typically have af value equal to ogreater than 0.9.

Al1.3 Light Calibration

The light sensors on each logger are calibrated every six months or after every deployment. The light
sensor is calibrated against a LICOR U250A submersible sensor that was calibrated in the factory within
the last 12months. 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. -Aeldncomparison
between the logger light sensor and LICOR U250A is made on deploymenirstthments 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.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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A2 TIME SERIES DATA
A2.1 AMBI1: Freshwater Point
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A2.2 AMB2: Hay Reef
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A2.3 AMB3: Round Top Island
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