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Executive summary

Context

The 2@0 Gladstone Harbour Report Card reports on the environmental health of 13 reporting zones
in and around Gladstone Harbour and the ovedrallironmental,Social, Qultural andEconomic health

of the harbour. This report card covessvironmentalmonitoring urdertaken in the period 1 July 291

to 30June 2Q@0 and environmental, socjaulturaland economienonitoring undertaken in 2018 and
2019 Indicator scores range between 0.00 and 1.00 and are converted into grades (Bigure

Very good(0.85 ¢ 1.00)

Go0d(0.65¢ 0.84)
Satisfactory(0.50 ¢ 0.64)

Poor(0.25¢ 0.49)

Very poor(0.00¢ 0.24)

Figure 1: Gradingscheme used to convert scores to grades in the@Bladstone Harbour Report
Card for each component of harbour health.

Overall componengrades

The overall componentscores and grades for the 2020 report card were: Environméhéél (B),
Social0.67 (B) Cultural 0.60 (C), and Economic 0.73 (B). As the scores and grades for the Social,
Cultural and Economic components have been stable since their inceptionew monitoring for

these components was undertakénthe 2019¢20 report cardyear. Scores angrades from the2018

and 2019 report card have been used for these components and further monitoring is scheduled to
take placein 2021c22 for Socid / dzf G dzNJ f  OdHdAERghdntc Cdtdral hedtahedsS Q O
schedulel to be monitoredagainin 202223. Except for mangrovesll Environmental indicators were
assessed in 2020 and the Environmental score is based on new data and the 2019 mangrove data.
Mangrove monitoring will be conducted again in 2§23.
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Figure 2:Overall scores for each of the four components of GlaustdarbourHealth in 2@0.

Environmental health

The overall grade for the Environmental component was a B)0lBis was the first time this grade

has been achieved since the first report card in 2015. The water and sediment quality indicator group
received a score of 0B(A), habitats a score of 0.50 (C) and fish and crabs a score of 0.56 (C) (Table
1). Water and sediment quality scores were similar to the previous year (0.88 in 2019). Habitats
improved from 0.45 (D) in 2019 to 0.50 {I€R020,a resut of a higher score for seagrass. The overall
score for fish and crabs also improved in 2026ngto a higher score for fish recruitment.
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Table 1: Environmental indicator group scores for the 13 harbour zones and the overall harbour
scores.

Indicator groups
Zone Water and sediment Habitats .
quality (seagrass, corals an Fish and crabs
mangroves)
1. The Narrows 0.77 0.64
2. Graham Creek 0.64 0.65
3. Western Basin 0.66 0.84
4, Boat Creek 0.60
5. Inner Harbour 0.57
6. Calliope Estuary 0.52
7. Auckland Inlet 0.50
8. Mid Harbour 0.66
9. South Trees Inlet 0.54
10. Boyne Estuary 0.60
11. Outer Harbour 0.69

12. Colosseum Inlet 0.66
13. Rodds Bay

Harbour score

Water and sediment quality

Water qualityreceived ascoreof 0.89 (A)t a continued improvement from the 2017 result (0.76, B)
and the highest recorded in a Gladstone Harbour Report Cardsddiimment quality indicator also
received a very good score (0.95, A) which was identical to previous years (Tekilec8)the first
report cardin 2015, water quality has been rated as gawdvery goodand sediment quality has
consistently been rated agery good.

Water quality

Water quality was relatively uniform across the harbholwelve of the thirteen zones received a very
good score, with the remaining zone receiving a good s¢iable 2). Compared to the previous year,
scores for thephysicocherital groupincreasedat all thirteenzones as a result dfigherscores for
turbidity (which indicate lower levels of turbidityBimilarly, he nutrient harbour score.73, B
increased for the second consecutive year since28# score 0f0.47 (D) due to the cumulative
effects ofhigherscoresfor all three measures (total nitrogen, total phosphorous and chlorogyll
Dissolved metal scores of 0.86..00 (A) were uniformly very good for the sixth consecutive year.

Xi
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Table 2: Water qualityindicaor scores forthe 2020 Gladstone Harbour Report Card. Scores from
2019 and 2018 are shown for comparison.

Physice . Dissolved
\ Nutrients
chemical metals

Water quality

. The Narrows

. Graham Creek
. Western Basin
. Boat Creek

. Inner Harbour
. Calliope Estuary .

. Auckland Inlet
. Mid Harbour

. South Trees Inlet .

10. Boyne Estuary
11. Outer Harbour
12. Colosseum Inlet
13. Rodds Bay
Harbour score

OO N0 WIN|F

Sedimenquality

Sediment gualitywas uniformly very good in all harbour zones (Table 3). Wasa result of low
concentrations of all measures (arsenic, cadmium, copper, lgeklel and zinc).

Table 3: Sedimentquality indicatorscoresfor the 2020 Gladstone Harbour Report Card. Scores from
2019 and 2018 are shown for comparison.

Zone Metals and 2020 2019 2018
metalloid

1. The Narrows

2. Graham Creek
3. Western Basin
4. Boat Creek

5. Inner Harbour

6. Calliope Estuary
7. Auckland Inlet

8. Mid Harbour

9. South Trees Inlet
10. Boyne Estuary
11. Outer Harbour
12. Colosseum Inlet
13. Rodds Bay
Harbour score

Xii
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Habitats

The overall score for habitats was satisfactory (0.50pcCthe first time in the GHHP programwing

to an increase in the seagrass scdree seagrass score improvasbstantially in the past two years

from 0.40 (D) in 2018 to 0.79 (B) in 2020. The coral score remained very poor (0.14, E) and was slightly
lower than that recorded in 2019. The overall score for mangroves was based on monitoring
completed in 2019 and thefore the score was identical (0.57, C).

Seagrass

Fourteen representative meadows across six monitoring zones were assessed to determine the
condition of seagrass in Gladstone Harbour. Threeisdigators were used: biomass (abegmund
biomass of aneadow), area (total area of a meadow) and species composition (relative proportions
of different species within a meadow).

The overall seagrass score in 2020 was 0.79 (B) indicating a good overall condition (Table 4). This result
was the second successiyear of marked improvement from previous report cards in which overall
seagrass condition was poor. Moreover, the overall seagrass condition in 2020 was the best in the

past decade. At the zone level, overall condition scores improved at six of theraewitoring zones

from the previous report card. Thirteen of the fourteen monitored meadows were in satisfactory,
322R 2NJ OSNE 3JI22R O2YyRAGAZ2Y® ¢KS KIFINb2dzNRa asSt 3
several years of poor condition. Results sugtjest improvements in seagrass condition were largely

a result of environmental factors, that were characterized by drier than average conditions.

Table 4:Seagrasmdicatorscoredor the 2020 Gladstone Harbour Report Card. Scores from 2019 and
2018 ae shown for comparisorPlease note, scoresan differ by +0.01 to those reported by Smith
et al. (2020) due to bootstrapping used to calculate GHHP report card scores (see Logan et al., 2016).

Species Overall

o 2020 | 2019 | 2018
composition | meadow

Zone Meadow | Biomass| Area

1. The Narrows 21 0.90 \ 0.97 0.97
4 1.00 | 091 0.96
5 092 | 092 0.89
3. Western Basin 6 0.91 ‘ 0.90 0.80
7 1.00

8 UCI 082 | 0.60 |

104 0.91 0.85 0.95 0.85

52¢57 . 1.00
5. Inner Harbour 58 . 0.97 0.74
- 43 | 0.95
8. Mid Harbour 48 0.91
9. South Trees Inlef 60 1.00  1.00 0.99 1.00
94 1.00 \ 0.86 1.00 0.86
13. Rodds Bay 96 1.00 \ 1.00 0.96 0.99
|

Harbour score 0.79 0.59

Xiii
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Corals

Coral health was assessed at six representative reefs located in the Mid Harbour and the Outer
Harbour. Four suindicators were used to assess coral health: coral cover, macroalgal cover, juvenile
density and change in hard coral cov€nral cover and nwoalgal cover measure the percent cover

of living, adult corals and macroalgae respectiyplyenile densitysthe number of coral recruits (<5

cm); and change in hard coral cover was averaged over a-tleaeperiod to give the rate at which

hard coral cover increases or decreasesral cover was used to assess the state of a reef while the

other subindicatorsY S| adzNE | NBSF¥Qa LR IGSyidAlt G2 NBO2OSNIWD

In 2020, corals were in very poor conditifor the third consecutive yeareceivingan overall score

of 0.14 (E) This was a result of a low cover of living coral, high macroalgal cover, low abundance of
juvenile orals, and a poor overall score for change in hard coral cover (Table 5). Although the coral
cover score was identical and the macroalgal cover score increased slightly compared to the previous
year, juvenile density and change in hard coral cover scazesedsed considerably and resulted in

the diminished overall harbour scar®©ngoing pressuresuch as high macroalgal covand the
widespread presence of the beroding spongeliona orientali@nd acute disturbances, such as the

high water temperaturegn early 2020appear to be hindering the recovery of the coral communities

of Gladstone Harbour

Table 5: Coralindicator scores forthe 2020 Gladstone Harbour Report Card. Scores from 2019 and
2018 are shown for comparison.

Change in
hard coral
cover

Coral | Macroalgal| Juvenile
cover density

Zone

8. Mid Harbour
11. Outer Harbour
Harbour score

Mangroves

Scores for the mangrove indicator have remained relatively stable since it was included in the report
card in 2018. As a result, this indicator will only be monitored efregyears and no new monitoring

was conducted in 2020. The 2019 mangrove scorgsresented below are used to calculatiee
overall scorefor the habitats indicator groupnd the overall Environmental score

In 2019 threesubindicators were used to assess mangrove heattktent, canopy condition and
shoreline condition. Mangrove ext, the proportion of mangroves in a tidal wetland, and canopy
condition, were determined from satellite imagery. Shoreline condition, which assesses the
proportion of dead mangroves within the shoreline trees, was determined from aerial photography.

Theoverall score for mangroves in Gladstone Harbour was 0.57 (C) slightly lower than the score of
0.60 (C) in 2018 his mayhavebeen a result of the drier conditions which prevailed during the 2018
19 reporting year.

Xiv
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Table 6: Overall mangrove zonand harbour scores for the 20 and 2019eporting yeas. Scores
from 2018 are shown for comparison.

Mangrove Mangrove Shoreline
Zone canopy o 2020/ 2019 2018

extent o condition

condition

1. The Narrows 0.79 0.55 0.61 0.65 0.56
2. Graham Creek 0.83 0.34 0.76 0.64 0.67
3. Western Basin 0.76 0.39 0.37 0.51 0.57
4, Boat Creek 0.54 0.38 0.46 0.46 0.63
5. Inner Harbour 0.62 0.51 0.53 0.55 0.43
6. Calliope Estuary 0.80 0.48 0.47 0.58 0.67
7. Auckland Inlet 0.76 0.57 0.62 0.65 0.68
8. MidHarbour 0.39 0.63 0.63 0.55 0.55
9. South Trees Inlet 0.79 0.50 0.51 0.60 0.61
10. Boyne Estuary 0.39 0.26 0.41
11. Outer Harbour 0.76 0.66 0.65
12. Colosseum Inlet 0.67 0.65 0.72 0.69
13. Rodds Bay 0.68 0.57 0.67 0.64 0.71
Harbour score 0.69 0.49 0.54 0.57 0.60

Fish and crabs

The overall score for fish and crabs wass(C). Bream recruitment received a score of 0.64 {@)ich
wasa marked improvement on the 2019 score of 0.27 e nud crab indicator received a poor
score of 0.9 (D), which was lower than the score of 0.47 (D) received in the previous Ybarfish
health indicator received a good scat0.69 (B)which wadsdentical to the score received 2019

Fishhealth

The harbour score for fish health wa$9(B), beingthe averageof the harbour scores fotwo fish
healthsub-indicators

1. Visual Fish ConditionAn automated visual assessmafitimages captured byishers using a
mobile phone app. Length and weight datare also recorded at the time of capture.

2. Fish Health Assessment Inde& thorough assessment of the health of individual fish based
on visual condition and the condition of severdkrnalorgans and tissues.

Both subrindicators assessed the health of fish species commonly caught in Gladstone Harbour.
However, there were some differences in the species asseleeduse ofthe different fishing
methods usedand owing to COVIEL9 restrictions limiting communitycollected data The overall
score fowisualfishcondition was 072 (B), while the overall scordor the fishhealth assessmenindex

was 0.67 (B) (Table 7) Thehealth assessment indexas calculatedy scoring and summing wial
inspection scores fonumerousexternal and internal measures. The scoresvisualfish condition
(Table 8) are derived from two metrics: an extermglalassessment of fish healtiwhich includes
assessing thekin, eyesandfins, as well as theecording the incidence gdarasites and deformities,

and fish body condition determined from the length weight relationshipMeasures of fish body
condition are widely used to assess the health of individual or groups of fish.

XV
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While the overalkcore for fish health (0.69, B) was identical to 2ah@ two years are not directly
comparable aghere wasa lower fishing effort in 2020. The reduction in effort, resulting flo@VID
19 restrictions and a reduced budget, led to lower sample sizedeamer fish species assessed for
both fish healthsub-indicators.

Table 7: Overallfishhealthassessmenindex(HAIl)speciesand harbour scoreBom 2019 to 2020.

Fishhealth assessment IndefHAI) HAI 2020 | HAI 2019
Bream ND 0.78
Barred Javelin 0.84 0.77
Barramundi 0.55 0.58
Blue Catfish 0.61 0.60
Mullet ND 0.73
Harbour score 0.67 0.69

ND¢ Nodataor insufficient data to determine a score

Table 8: Overallvisualfishcondition (VFC¥peciesand harbour scoreBom 2019 to 2020.

Visualfish condition (VFC) FVA FBC VFC 2020| VFC 2019
Yellowfinned Bream 0.44 0.71 0.61
Pikey Bream 0.48 0.74 0.81
Barred Javelin ND OB 099 |
Dusky Flathead ND ND 0.52
Mangrove Jack ND ND 0.56
Harbour score 0.72 0.69

FVAc Fishvisualassessment; FBCFishbody condition; ND¢ No Data

Fishrecruitment

Fish recruitment wasssessed fotwo species: yellowWinned breamAcanthopagrus australiand
pikey breamAcanthopagrus pacificughe overall score for 20 was 064 (C). This wasa marked
improvement from the 2019 score (0.2Whichisthe lowest score sincish recruitmentwas included

in the report card in 2016 (Table Fhisimprovementmay be a response to the prevailing climatic
conditions.While total rainfall in the2019;20 reporting year was below averageainfall in January
and Februarp020wasgreater tharnthe monthly average and greater thaainfallrecorded inJanuary
and February2019 which were particularly drymonths Freshwater inflowdave been linked to
estuarine productivity with productivity declining in drier years and the improved result may be a
result of improved inflowsHowever as fish recruitment has been a highly variable report card
indicator further investigations are required to determine the extent of the relationship between
prevailing climatic conditions and bream recruitmémiGladstone Harbour and its tributaries.
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Table9: Bream recruitment scowfor 12 harbour zones and the ovdrlbrbour scordrom 2016 to
2020.

Zone

. The Narrows

. Graham Creek

. Western Basin

. Boat Creek

. Inner Harbour

. Calliope Estuary
. Auckland Inlet

. Mid Harbour

. South Trees Inle
10. Boyne Estuary
12.Colosseum Inle
13. Rodds Bay
Harbourscore

OO |NO|O|D WIN|F

Mud crabs

Seven zones were sampled to collect data on three mud cralnsiidators: sex ratio, abundance and
prevalence of rust lesions. Sex ragigantifiesthe ratio of legaisized male crabs (>15 cm spine width)

to female crabs of the same size. Abundance wasl &g estimate the number of crabs via catch per
unit effort. The prevalence of rust lesions was calculated by comparing the number of crabs with rust
lesions to the total number of mud crabs caught at each monitoring zone.

The overall mud crab score inZDwas 0.39 (D), a lower score compared to previous years (Table 10).
Sex ratio was very poor in five of the six zones where this could be calculated. Abundance scores
ranged from very good to very poor, however, the overall score was lower than in 264r@sSor
prevalence of rust lesions were good to very good at four zones (indicating low levels of this condition)
and poor at two zones (indicating higher levels of this condition). Agluelg mud crats werecaught

in Auckland Creek a score was ndtuo&ted for this zone.

Table10: Mud crabindicatorscores fotthe 2020 Gladstone Harbour Report Card. Scores from 2019
and 2018 are shown for comparison.

Zone Sex Ratio Ab(gl‘fjge Prrues"t"’}fsr;gﬁsm 2020 | 2019 | 2018
1. The Narrows 00 0.80 0.60 0.63 0.66
2. Graham Creek 0.84

4. Boat Creek 00 0.84 0.71 0.51
5. Inner Harbour 0.99 0.52
6. Calliope Estuar 0.52
7. Auckland Inlet NC NC NC NC NC
13. Rodds Bay

Harbour score 0.73

CPUE catch per unit effortNC- Not calculated owing to inadequate sample size (n < 5)
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Social health

The scores for the Social component have remained relatively stable since it was included in the pilot
report card in 2014. As a result, this component will only be monitored every third year and no new
monitoring was conducted in 20280cial health wilbe assessed again in 2022. The 2019Social
componentscoresare usedor the 2020 report card.

The overall score fd®cial health in 20Qwas 0.67 (Bwhich wassimilar to previous year§ his score
was based on three indicatgroups:harbour usabity 0.64 (C), harbour access 0.@8) and liveability
and wellbeing 0.7@B) (Tablell). All indicatorscores were similar tthoserecorded previoushand

the overallSocial health of the harbour has remained stable since 20tissuggets that people
living in the Gladstoneegion continue to feel that Gladstone Harbour provides them with a positive
living experience and quality of life.

Table1l: Social indicator group and indicatecoresfor the 2020 and 2019 reporting yeaiScores
from 2018 and 20X are shown for comparison.

. e 2020/ 2020/
Indicator groups| Social indicators 2019 2019 2018 2017
Satisfaction with harbour
) I 0.71
recreational activities
Harb_o.ur Perc_eptlons of air and water 058 0.64 0.63 0.62
usability quality
Perceptions of harbour
0.63
safety for human use
Satisfaction with access to 0.73
the harbour :
Satisfaction with boat ramps
and public spaces 0.65
Harbour access |- PUUIC SP 067 | 067 | 066
Perceptions of harbour
0.63
health
Perceptions obarriers to 0.66
access
L|veab_|I|ty and Liveability and wellbeing 0.70 0.70 0.70 0.66
wellbeing
Overall score 0.67 0.67 0.67 0.66

Cultural health

The Cultural component score is comprisedtwbd A Y RA OF (G 2 NJ 3 NP dzlddigenolsa Sy & S
cultural heritagep W{ Sy asS 27F LI FO0SQ ¢s+a f1ad Y2YyAG2NBR Ay
NBLEZ2 NI OFNR® ¢KS wasSyasS 2F LXIFOSQ a02NB KlFa NBY
monitoring of this indicator group will be conducted triennially from 2019 with the next scheduled
reporting of this indicator group to occur ingh202X22 reporting yearThe score for Indigenous

cultural heritage ranged from 0.53 to 0.55 in the 3 yeafsa$ been monitored between 2016 and

2018. Owing to the stability of this indicator group from 2018 onwards monitoring is scheduled to
occureveryfive yearswith the next round of monitoring due the 2022;23 reporting yearResults

from the 2018 surveywill be used to calculate the overall score for the Cultural component until then.
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The overalkbcorefor the Qultural health of Gladstone was 0.60 (C). Two indicator group@ufitural
KSIHfGdK gSNB | aas aaés) Rndndigenutdtdal ierfiagd 0658 GBS Q n dc
¢KS 2@SNIff Wa S simifartoprevioudfyeadalgde 14)This NBult sidgésts that the
community expectations of the Gladstone Harbour area are mostly being met.

Scores for the Indigenous cultural heritage indicahave remained relatively stable since it was
included in the report card in 201@he overall Indigenous cultural heritageoreof 0.54 (Cywas
based on site surveys conducted2dl6, 2017 and 201 able 13).

Tablel2 { O2NBEa F2NJ 088 WN{¥ B Y @ Sata2mRD. SdNRsdrhiz 2018 1016
are shown for comparison.

Indicator , 2020/ | 2020/
group Indicators 2019 2019 2018 2017 2016
Place attachment 0.58
Continuity 0.58
wi{isy Pride in thqreglon 0.74 0.66 0.65 0.65 0.66
pt I O Wellbeing 0.61
Appreciation of the harbour| 0.83
Values 0.66

Table B: Scores for Indigenous cultural heritage indicators and overall harbour score for the 2018
2019 and 2020@eport cards.

Physicatondition Management strategies Zone
Zone

Intact. | Distur. Cultural Cultural | score

manage. resour.

The

0.82 | 0.63 0.80 0.54
Narrows
Facing 0.90 0.90 0.90
Island e

Wild
Cattle Ck

oo [ o [ oo
Gladstone g 0.50 [ENON 1.00 0.57
Central

(Intact. = Intactness of site features, DistarExtent of current disturbance, Threat. = Management of threats,
Recor. = Recording, Cultural manage. = Cultural management, Stake. = Stakeholders, Monit. = Monitoring,
Cultural resour. = Cultural resources)

XiX
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Economidchealth

The Economicomponent was last assessed in 2019 and had an overall score2dB().With scores
ranging from 0.72 to 0.77 between the 2015 and 2019 report cahdsthe scores fahe Economic
component and its indicator grougigve been stable over thisyear perod, from 2019onwardsthis
componentwill be monitoredeverythree yearswith the next round of monitoring due to occur for
the 2022 report card.

The 2020/2019 score was determined by the scores from three indicagwoups economic
performance 0.9qA), eeonomic stimulus 0.58C) and economic value &B) (Tablel4). While the
overall economic health of Gladstone remained good, thlisore was influenced by reduced
employment opportunities, and a lowscorefor sociceconomic status. Commercial fishing received
a poor scoredue to low gross value production and a lower net fishery productivity score. Shipping
activity and tourismhaveremained strong

Table ¥4: Scores for the economic indicator groups fr@016 to 2020. The2018to 2016scores are
shown for comparison.

Indicator group Indicators
Eonomic Shlpplrg.acnwty
erformance Tourism
P Commercialfishing
E®nomic Employment
stimulus Socob-economic status 0.64 0.58 0.58 0.67 0.74
Land-based receation 0.77
Economiovalue | Recreational fishing 0.71
(recreation) Beach ecreaton 0.76 0.76 0.74 0.73 0.73
Water-based recreation| 0.76
Overall score 0.72 0.72 0.72 0.74 0.75
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1. Introduction

1.1 The Gladstone Healthy Harbour Partnership

The Gladstone Healthy Harbour Partnership (GHHP) is a forum that brings together numerous parties
to maintain and, where necessary, improve the health of Gladstone Harbour. The GHHP vision is that
WDt I RadGz2yS Kra | KSIf iKe xyuiding @isciplasiodtlie partnetsBid\dreAr y 3
open, honest and accountable management, annual reporting of the health of Gladstone Harbour and
management advice. Actions are based on rigorous science and strong stakeholder engagement to
ensure the ongoing ancbntinuous improvement of the health of Gladstone Harbour.

The GHHP partnership currently has 21 partners comprising 13 industry representatives; 3 research
and monitoring agencies; local, state and federal government representatives and 2 community
groups including Traditional Owners. The GHHP was formally launched in 2013.

The Independent Science Panel (ISP) provides independent scientific advice, review and direction. Its
role is to ensure that the environmental, social, cultural and economic chaBewigaolicy, planning
and actions, as they relate to achieving the GHHP vision, are supported by credible science.

The Gladstone Harbour Report Card reparh the Environmental, Social, Qultural and Economic
health of the harbour(Figure 11). Stakeholdeand community consultation identified these four
components as important to the communitgring workshops conducted by GHHP in 2013

ENVIRONMENTAEALTH SOCIAHEALTH

Water andsediment quality Harbourusability
Habitats Harbouraccess
Fish andtrabs Liveabilityand wellbeing

CULTURAHEALTH ECONOMIEEALTH

a Bense oplaceR \ Economigerformance
a Indigenous cultural heritage N Economicstimulus
Economiaralue

Figure 11: The four components of harbour héial

1.2. Reporting periods

The reporing period for the 200 Gladstone Harbour Rept Card was 1 July 2010 30 June 220.
Thisallows the significant environmental changes that occur in the wetter summer motdhise
captured in the annual dataHowevermangrovedata collectedn the 201819 reporting year was
used to complete the Environmental componeito new data for the Social, Cultural and Economic
components was collected during the 2@P® report card year. All grades and scores for these
components are those used in the 2019 report card.
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2. From indicators to report card grades

2.1. Structure and indicators

The hierarchy of scoraggregation used to calculate the final gradde each component of harbour
health can include up to five levels of aggregation: compoganticator groug, indicators, sub
indicators and measure (Table 2.1). This structure deriveee final scores from raw data collected
through field sampling, community surveys gnblidy available sources.

Table 21: The five levels of aggregation employed determine the grades and scores in the
2020 Gladstone Harbour Report Card.
Name Explanation
Level 1: Component Thereport card reports on the condition of four components (
harbour health: Environmental, Social, Cultural and Econom
Level 2: Indicatogroup | Group of several related indicatogdor instance, the indicator
groupWHabitat<xomprises the indicators seagrass and coralg
the indicator grougéconomic performanc&omprises the
indicators shipping activity, tourism amdmmerciaffishing.
Level 3: Indicator An aspect of a system that may be used to indicate the state
condition of that systeng for instance Water quality and
seagras@nay be used to indicate the environmental conditio
of Gladstone Harboukphipping activitglnay be sed to
indicate the economic state of Gladstone Harbour.

Level 4: Sulindicator Group of several related measure$or instance, théHutrients
sub-indicatorlwithin water quality) comprises the measures
total nitrogen total phosphorusand chlorophylta.

Level 5: Measure A numerical value assigned to an individual parameter used
assess harbour health. It may be based on a single
measurement or combination of measurements for each
parameter (e.g. an annual average).

Each indicator has a baseline and five ranges (A to Eptkatsed to calculatéhe grade for each
measurement type. The methods used to determine baselines for each indicator are described in
detail in the relevant sections of this report. Each thredhsla decimal value between 0.and 1.M@
(Figure2.1). Scores are assigned to measuremethiat are then aggregated upwardso tthe
componentlevel

| | | | | |

0 0.25 0.50 0.65 0.85 1

Figure 21: Grade ranges used the 2®0 Gladstone Harbour Repora€l.
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Aggregation of report cardrgdes and scores

A number of methods hae been used to calculate an index value for the smallest geographic unit of
reporting (e.g.\WiteQfor water and sediment qualityeefQfor coral indicators andéheadowQfor
seagrass indicatorg) the 2019¢20 reporting period.

For example, the starting point for water quality index calculation was the annual mean value for a
measure per site. This was calculated by averaging the field data edllentfour occasions ithe
2019¢20 reporting year. The annual site means were used to develop indexed scores between 0 and
1 compared with relevant guideline&igure 2.2,DEHP water quality objectives &iNZG default
guideline valuesas appropriate). This yielded final indexsdores at site level which could be
aggregated to higher levels of reporting (FiguBe3¢2.6). References have been provided the
methods used to calculate the indexed values for coral, seagnaasgrovesand fish and crab
indicators in their respeote sections in this report.

Aggregation used a hierarchical approach so that scores for a range of reporting levels (e.g. indicator,
indicator group and component) could be generated for individual zones and for the whole harbour
for reporting. The loweslevel of reporting (e.g. measures such as aluminium, copper, lead,
manganese, nickel and zinc for a site) was aggregated to the next level (e.g. metals in water) using
bootstrapped distributions rather than direct means of each measure. The bootstrappetigod
resamples the original data many times to yield multiple means which are used to develop a series of
distributions for measures, sdhbdicators, indicators and indicator groups. By aggregating
distributions (rather than individual means), the ridistributional properties could be preserved,
sample bias could be avoided, and means (the report card score) and variances could be calculated
for reporting (Figure 7).

Above guideline
(Low score) 0.00¢ 0.24
0.25¢0.49

<

:

5 0.50¢ 0.64 Q Guideline value

0.65¢0.84
Below guideline
0.85¢ 1.00 (High score)

Stes

Figure2.2. Water and sediment qualityneasures are scored relative to zone and measure specific
guideline values.
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Component Indicator groups Indicators Sublndicators Measures

Physiochemiced< --------- ( pH, Turbidity J

— n
Watgr Nutrients J< _________ ( ] Totsl nltr?:?]TmTotr]aI” )
quality phosphorusChlorophyHa
Water & Dissolved |_ Aluminum Copper Lead
. metals ManganeseNicke| Zinc
sediment j=—]
quality
E Sediment Metalsand | Arsenic Cadmiun Copper
e J quality metalloid Lead Nicke| Zinc
V 7/~ Aboveground biomass
---------- estimate in grams dry weig
I per square metrég DW rr12)
R P A R Spatial extent of monitoring
O Seagrass |« | Area l< ( neadows )
N —( Specu_e_s J< --------- ﬁ?elatwe abundance of spe§
composition
E —( Coral coverJ< --------- ( Percentage cover )
N —( Macroalgal J< --------- ( Percentage cover )
] cover
T Habitats | Corals | :
J Juvenile Juveniles per square metr
e P —
A density persq
L _(Change n harj1< --------- ( Percentage coverhange)
coral cover
_( Mangrove J< ( )
--------- Wetland Cover Index
extent
< Ganopy |4 ..
Mangrovesy< condition J< ( Canopycoverchange )

Shoreline | Percentage dead shoreline
condition mangroves

Figure 23a: The levels of aggregation used to determine the environmental scores and grades in
the 220 Gladstone Harbour Report Card. There are 3 environmental indicatopg®indicators,
19 subindicators andi6 measures.
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Component  Indicator groups Indicators Sublndicators Measures

Fish Health 4 Bream Barred Javelin
Assessment Index-- BarramundjBlue Catfish
(HA) ) Mullet J

/Fish Visual AssessméefiVA
Fish Healthj- | Pikey breamYellowfinned

i | bream Barredjavelin, Dusky

flathead, Mangrovejack/

Visual Fish
Condition(VFG \ (" Fish Body Conditio(FBG

P r— i | Pikey breamYellowfinned
bream Barredjavelin, Dusky

flathead, Mangrovejack J

M .
Fish and < Fish P /~ Bream recruitmentinde)j
crabs recruitment | by zone
I

atio of>150mm (spine width
male to female crabs

Mud aabs AbundanceJ< ( Catch per unit effort )

E
N
V

|
R
O
N
M
=
N
T
A
L

Figure 2.B: The levels of aggregation used to determine the environmental scores and grades in the
2020 Gladstone Harbour Report Card. There are 3 environmental indicator groumascaiors, 19
sub-indicators and 46 measures.
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Component

Indicator groups Indicators Measures
[ f ) . .
recreational activities / -Quality of ramps and facilities
i i “Water quality satisfaction
Harbour / Perceptions of aiand water p /.Z\ilr quality satisfaction
ili ualit -Water quality does not affect use o
usab ty q y / the harbour
[ ) /N/Iarine safety incidents
Perceptions of harbour safety fo -Oil spills
| human use | -safe at night
J -Happy to eat seafood /
— fsatiSfaCtion with access to the | .| -Fair access to harbour
harbour / Y,
Gatisfaction wittboat ramps and KFreq“e”Cy of use
— . [«a---{ -Number of boat ramps
Harbour public spaces / -Access to public spaces J
access
[ KGreat condition
— Perceptions of harbour health [«--| -Optimistic about future health
-Improved over the last2 months/
f -Marine debris a problem
I ti barri t | .| -Mavine debris affects access
erceptions obarriers 1o access -Shipping reducedse
-Recreational boats reduced use/
—
Liveabili o -Makes living in Gladstone a better
ty Contribution of harbour to experience
and - 2P
. liveability and wellbeing -Participate in community events
wel Ibelng -Aesthetic value
#

Figure 24: The levels of aggregation used to determine the social scores and graties 2620
Gladstone Harbour Report Caithere are 3 social indicator groups, 8 indicators a®th2asures.

@
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Component Indicator groups Indicators Measures

-
» -No place better
Place attachment = -Who | am

J J

( (How long lived in Gladstone
— Continuity -t -Plan to be a resident in the ne

r—— ) Syears /
4 4

— Pride in the region [« -Feel proud living in Gladstone

J J

Sense of
place

-Quality of life
-Input into management

— Welkbeing <
J

(Appreciation of the ("Key partof community
—— — -t -Great asset to the region

harbour
-Great asset to Queensland
J Q J

/—Variety of marine life
— Values < -Opportunities for outdoor
) recreation
-Affects visitors to the region
-Enjoy scenery and sights
-Spiritually special places
-Culturally special places
-Historical significance

J

g Ve ,

-Intactness of sites features
Physical condition |« -Extent of current disturbance
- -Management of threats

J

Cultural
heritage

(Recording
-Cultural management
Management - -Stakeholders
strategies -Monitoring
y J -Access
-Cultural resources

Figure 25: The levels of aggregation used to determine the cultural grades and scotég in
2020 Gladstone Harbour Report Car@ilhere are 2 cultural indicator groups, 8 indicatarsd 26
measures.
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Component Indicator groups Indicators Measures

[ / Shipping activity productivity
Shipping activity -1 calculated from monthly shipping
movements by cargo type /
Economic *_[ Tourism . / Expemliture on hotel
erformance acommodation and food
p J %
f (Productivity ofnet fisheries
— Commercial fishing -1 -Productivity oftrawl fisheries
) -Productivity ofpot fisheries /
-
Embplovment Unemployment statisticsfor the
ploy Gladstone LocalGovernment Area
Economic
. _n
stimulus
Index of economic resources deriv
Socieeconomic status --{ from 2016census and updated usin
CATI survey data
/ . Landbased recreation satisfaction
— Landbased recreation j* economic value )
_[ . s .| Recreational fishing satisfactien
Economic Recreational fishing /4 economic value )
value |4 [
(Recre atior) : Beach recreation satisfaction
— Beach recreation - economic value )
) 4 cothetention caieiact
|| Waterbased recreation | o...| Water-base recreation satisfactiort
economic value /

Figure 26. The levels of aggregation used to determine the economic scores and grate2i@®0
Gladstone Harbour Report Car@ATI =Computer-Assisted Telephone Interviewing. There are 3
economic indicator group$®, indicators and 11 measures.
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Zoneb
Zone6

Site: Site: P12 Site: P3 Site: N2-1 Site: N3-1 Site: N4-1
201408-20 NGPSW 1.00 1.00 1.00 1.00 1.00

NA

Site: Site: P12 Site: P3 Site: N2-1 Site: N3-1 Site: N4-1
201411-10 NGPSW 1.00 1.00 1.00 1.00 1.00

NA

Site: Site: P12 Site: P3 Site: N2-1 Site: N3-1 Site: N4-1
201503-12 NGPSW 1.00 1.00 1.00 12.00 1.00

12

Site: Site: P12 Site: P3 Site: N2-1 Site: N3-1 Site: N4-1
201506-15 NGPSW 1.00 1.00 110 1.00 170

1.00 e

1.10 1.00 1.00 1.02 3.75 1.18

v v v v v

bl

Generation of bootstrapped distributions for Copiéet site leve). Similarly
bootstrapped distributions for other measures could be generated

Calculation of an index value per
measure per site

v

Bootstrapped distribution of measures are aggregated intoisulicator level at
site level

Bootstrapped distribution of sundicators are aggregated into indicators at site
level

Indicator level

bootstrapped

distributions for
each zone

Calculate the annual mean
per site for each measure for
zone5 and6 for Copper

Annual mean measure value
per site

Calculation of amplitude as
Lo (annual mean divided
by guideline forCopper
1.3ug/L)

Cap the amplitude to be bound
within -1 and+1 corresponding to
minimum and maximums of half
and twice the guideline values

Scale the indices to range between
Oand1

Site level aggregations

Zone level aggregations

Whole of Harbour level
aggregations

Figure 27: Aggregation of report card scores worked example using the water quality measure

for copper inzones 5 and 6.
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2.2. Confidence ratings

The ISP assigned the confidence rating for each of the four components within the report card on a
three-point scale (low, moderate and high). These ratings were informed by assessing the
appropriateness of the indicators, the number of missing indicatbesadequacy of sampling designs

and the availability, completeness and quality of the monitoring dake Environmentaiomponent
received a high confidence rating in 2020. T®ecial and Economic components received high
confidence rating&n 2020while the Cultural component remained at a moderate rating.

The Environmental component received a high confidence rating for the first time in 2019 and retains
that rating for the 2020 report card. The high confidence rating was achieved &virenmental
componenthas been completed and additional years of data indicate the robustness of the methods
used to determine the grades. Six of the eight indicators received high confidence ratimigsnater

and qualityand fish healttreceived moderate ratirg(Table 2.2). These were identical to the ratings
received in 2019While sample size was reduced for both fish health projects, the confidence rating
remained at moderateThe reduction in numbers and species was a result lofager budget for field

work and the cancellation of the BoyAEannum HoolJp, a major source of data for visual fish health,
owing to COVIR9 restrictions.

Table 2.2:Confidence ratings for individuahvironmental indicators in 2020.

Indicator Confidence| Reason

Water quality Moderate | h y f &-F AVF i RMBre réporie@an and thesewere sampled
onlyfour times a year

Appropriate methodology and sampling frequenayjnimal
laboratory issues since thlot report card in2014.

Sediment quality Mzlle]y

Seagrass Consistent methods used oveix years of monitoring. Mino
changes to scoringiethodsin 2018.
Corals Consistent methods used oveix years of monitoring. Mino

changes to scoringiethodsin 2018.
Mangroves High Two years of monitoring, high quigl data and consistent wit
other mangrove monitoring programs in Queenslarithe 2019
results were used in the 2020 report card.

Fish health Moderate | Threeyears of monitoring (2018 2020 andthe programis
based on previous fish health studieshe wo fish health
projectshad similar results. Howevethe benchmarksusedare
preliminary andmay require refinement. Owing to reduce
sampling in the 2020 reporting year the sample size for [
indicators of ish health was lower than the previous year.
Five years of monitoring with consistent methods and dg
analysis.

Fouryears of monitoringvith anappropriate methodologyThe
benchmarks ee based on locapopulations.Minor changes tg
scoringmethodsin 2020.

Fish recruitment

Mud crabs
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The confidence ratings for the Social, Cultural and Economic components remain unchanged from
2019as the 2019 results are used for the 2020 report card.

The Social component received a high caariice rating. The methodology was developed specifically

for Gladstone Harbour and has been stable since the Pilot Report Card in 2014. The computer assisted
telephone interview (CATI) survey that contributed most of the data was regarded as reliable and
repeatable. Data collection was improved with the inclusion of mobile phones in 2017 and an online
version of the survey in 2019. There were some differences between the CATI and online survey
responses, although score differences were minor. I®¢o 24year-old age groupvere still under
representedwhile older age participants were ovegpresentedin the surveyThe Maritime Safety
Queensland datavas for the Gladstone Maritime Region which includareas well beyondhe
harbour. Despite these minor isgs it was considered that overall the grade for the Social component
was based on a complete set of indicators with no major issues regarding data availability, adequacy
or quality.

¢CKS /dzZf GdzNF £ O2YLRYySyid O2yaAiadilAi gebf#ag@whichRasa Sy 2 dza
derived from data collected from the CATI survey received a moderate confidatiog Therewere
improvements in the Indigenous Cultural Heritage indicator including weighting the scores based on

inputs from Traditional Owners arieldersin 2018 However, no survey work was conducted in 2019

or 2020and the 2018 scores and grades have been ushd.iiethodology to assess Indigenous

Cultural Heritage in a report card framework is still relatively e further refinements may be

requred¢ KS YSGK2R2t23& (2 |&dasSaa waSyasS 2F L}X I OSQ
2yfe yR GKSNB Aa y2 O2NNROo2NIGAYy3dI RIGFI® ¢KS RS¢
data and continued development of the Indigendgtural Heritage indicator will lead to improved

confidence for this component.

The Economic component received a high confidence rating because the CATI survey design was
reliable, repeatable and developed specifically for the Gladstone Harbour Report Glaed.data

that contribute to the economic grade came from a variety of reputable sources. However, there are
ongoing issues with the definition of a tourist and separating the effects of Gladstone Harbour from
Gladstone City in the tourism indicator. Theade for the Economic component was based on a
complete set of indicators and there were no major issues with data availability, adequacy or quality.
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3. 2020 Environmental Monitoring

The Environmental component for the 20report card consists of three indicator groups: water and
sediment quality, habitats and fish and craldonitoring for all environmental indicatorexcept
mangroves occurred between 1 July 2019 and 30 June Z&2@onew mangrove monitoring was
conducteal in the 2020 report card year the 2019 mangrove results are used for the 2020 report card.
This data was collectdaktween 1 July 2018 and 30 June 2019.

3.1. Water and sediment quality

Water and sediment quality are important and interconnected aspetthe harbour ecosystem. A
healthy water and sediment system suststine health of a large number of aquatic species, including
fish, turtles, dugongs, seagrass, mangroves and benthic invertebrates. Catetaiaad,
anthropogenic climaticand other eavironmentalfactors play a major role in determining the water
and sediment quality recorded in the harbodme ISRecommendedthe measures for water and
sediment quality that are used in thheport card, all of which have local or national guidelines.

For the Gladstone Harbour Rep@trd, water quality objectives (WQOs) and guideline vahgrs
provided by:

1 EHP Water Quality Objectives for the Capricorn Curtis Coast (EHP, 2014a) for pH, turbidity and
nutrients;

T ANZG (2018) for metals in water aggldiments (except aluminiumand

1 Golding et al. (2014) for aluminium in marine waters

The WQOs used to calculate report card scores differed among geographic zones within Gladstone

Harbour for all physicochemical and nutrient measures but the guidehhees were consistent for

all metals.

The aluminium guidelines developed by Golding et al. (2014) ranged from 2.1 pg/L in high ecological
value (HEV) zones in Gladstone Harbour (The Narrows, Colosseum Inlet, Rodds Bay) to 24 pg/L in
moderately disturbed (D) zones (all other zones). This led to similar actual concentrations of
aluminium being scored as very poor in HEV zones and very good in MD zones. This created the
misleading impression that the aluminium concentrations were far worse in HEV zones thth i

zones. For this reason, the ISP applied the MD guideline of 24 pg/L across all zones for aluminium.

For the same reason, GHHP applied a draft manganese guideline value for marine waterggsf. 140
for the water quality assessment in all zorfemm 2014¢2019 which was the appropriate guideline

for MD systems with coralpresentf(COAG Standing Council on Environment and Water, 2013). The
draft guideline value of 14Qug/L was recommended by the ISP as it was derived using the
concentrationresponse methd and was based on the most relevant information available at the
time. However the draft manganeseayuideline valuehas yet to befinalised and additional chronic
studieswith coralsare to occur in 2021. Given there is no longer a strong rationale iataia the
original draft guideline value (14Qg/L), the ISP recommended to change the GHHP manganese
guideline value to th&NZG (2018yalueof 80ug/Lt which is based on ANZECCQMRERANZ (2000)

until the new guideline values peer reviewed and adoptedror this reason, the ISP applied the
guideline of80ug/L across all zones faranganese in marine waters
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The 95% species protection value from the ANZG (2018) water quality guidelines was applied to
copper (Cu), lead (Pb), and zinc (Zn), while the 99%esp®otection value is applied to nickel (Ni).
Water quality guideline values were selected for moderately disturbed systems.

Water and sediment quality data were collected in accordance with the following standards and
procedures:

9 Australian and New Zdéand Standards for water quality and sediment sampliA&/NZS
5667.1:1998, 5667.4:1998, 5667.6:1998, 5667.12:1998)

1 American Public Health Association (APHA) Standard Methods for the Examination of Water
and Wastewate{APHA, 2005)

1 Australian and New Zealand Water Quality Guideline4ANZECC, 1992, 1998;

ANZECC/ARMCANZ, 2000; ANZG, 2018)

Queensland Water Quality Guidelif®&EHP, 2009)

Department of Environment and Science Monitoring and Sampling MéDES, 2018)

Revision of the ANZECC/ARMCANZ Sed(uatity GuidelineéSimpson et al., 2013)

= =4 =4

3.1.1. Water and sediment quality data collection

Water quality

Under a datssharing agreemeng®ort Curtis Integrated Monitoring Program (PClidfyvided GHHP
with water quality data for calculating scores for tB820report card. Those data were based on
samples collected from 51 sites across the 13 harbour zones in August and No2&i®and March
and June€020(FiguresB.1¢8.27). Methods inthis section were provided blyCIMP (PCIMP, 2019).

Eleven waterquality parameterswere assessedtwo phystochemical measures, three nutrient
measures ad six dissolved metal§éble 31). Physicochemical parameters were measured using a
multi-parameter water quality sonde (Y®roDSH which was calibrated and checked prior to
sampling Measurements were taken @.5 m depth intervals througthe water column until the
seabed was reachedriplicate subsurface readings (0.5 m) were reded at each site.

Water samples fonutrient and dissolved metal analyses were collected from a depth of about 0.5 m
using a Perspex pole sampler and a-acid washed Nalgene bottle (triple rinsed in Milliand site
water). Powder free gloves were wora avoid contamination. Sample water was added directly to
laboratory-provided sample bottles for total nitrogen, total phosphorous and chloropyA sub
sample of water was filtered through a 0.45 pm membrane filter in the field for dissolved metals and
dissolved nutrients. All samples were placed immediately on ice and dispatched to arrive at the
nominated analysing laboratories withiineir recommended holding times. Field blanks, travel blanks
and duplicatesamples(at 20% of sitesjvere also collectd and analysedin accordance with the
standard protocols described abover laboratory and field quality assurance and quality control
(QA/QC) purposes.

All analysing laboratories have been accredited by Nagional Association of Testing Authorities
Australia. This is to ensure compliance with relevant international and Australian standards and
competency in providing consistently reliable testing, calibratmeasurementand inspection data.
Dissolved metal samples were sent to tliational Measuremat Institute (NMI) andhutrient samples
were sent to the Queensland Health Laboratoagsrt fromchlorophylta samples, which were sent

to AustralianLaboratory Services Field blankstravel blanks and duplicate samples were dispatched
to the same respetive laboratories based on sample type.
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Table 31: Water qualitysub-indicatorsand measure the 2020Gladstone Harbour Report Card.

Indicator Subindicator Measure Guidelinesource
Water quality | Physicochemical | pH DEHP, 2014a
Turbidity DEHP, 2014a
Nutrients Total nitrogen (TN) DEHP, 2014a

Totalphosphorus (TP)| DEHP, 2014a

ChlorophyHa DEHP, 2014a
Dissolved metals | Aluminium (Al) Golding et al., 2014

Copper (Cu) ANZG, 2018

Lead (Pb) ANZG, 2018

Manganese (Mn) ANZG2018

Nickel (Ni) ANZG, 2018

Zinc (Zn) ANZG, 2018
See Appendif for a full list of WQOs and water quality guidelines.

Sediment quality

Fivesediment metals and one metalloid (arseni@re assesse(lTable 32). Methods in this section
were provided by PCIMP (PCIMP, 2019).

Sedimentsamples were collected from the same 51 harbour monitoring sites used for water quality
sampling infMay 2020 Grab samples were collected for sediment quality measures using a stainless
steel Ponar grabampler(0.008 nfvolume) These samples were deposited into a collection tub that
had been triple rinsed with seawatand thenphotographed All £diment quality measurements
used the top 1M mm of the sample, which were deposited into laboratgmovided sample
containers using pre acidrashed polypropylene trowels

All sample containers were bagged and stored at 4° C and transported to the analysing laboratory,
NMI, within their recommended holding time&or field QA/QC, separate grabs were made for
duplicate samlesat 20% of sites

Sediment nutrients were not included as there are no relevant national or international guidelines.
They may be included in future report cards should relevant guidelines become avdialyleyclic
aromatic hydrocarbongPAHs) haveiot been included sincéhe first report card owing to the
extremely low concentrations recorded in 2015.
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Table 32: Sediment qualityneasuresn the 2020Gladstone Harbour Report Card.

Indicator Subindicator Measure Guideline source
Arsenic (As) ANZG, 2018
Cadmium (Cd) ANZG, 2018
Sediment _ Copper (Cu) ANZG, 2018

lit Metals and metalloid

quality Lead (Pb) ANZG, 2018
Nickel (Ni) ANZG, 2018
Zinc (Zn) ANZG, 2018

See Appendig for a full list of sediment quality guidelines.

What water and sediment quality measures were not included?

In early October 202Ghe ISP held a meeting to discuss QA/QC issues wittatheataset for2020
for the water and sediment quality data colted.

Following the meeting, the ISBcommendedio excludeNOx andorthophosphate measures in the
report card analysis owing to the following issues:

1. Most of the data were below the limit of reporting (LOR) meaning that the bulk of the
20aSNDIFGA2ya KIFIR O2yOSyiGaN)XGA2ya o0St2¢ GKI G

2. Scores below the LOR could only be calculated by making an assumption about what the
measure night be (e.g. 50% of LOR). This becomes difficult to justify when it involves most
of the observations.

3. As WQOs differ between zones, the application of the scoring creutihtially perverse
results (e.g. zones withe lowestWQOs tended to havine lowestscores).

4. There would be an element of double counting if NOx and orthophosphate were included, as
these are already measured under total nitrogen and total phosphorous respectively.

Sediment mercury was tested in 2020, however, the LOR value (0.g3)ymgteasedrom the

previous year and was higher th#ére guideline value (0.15 mg/kg). As such, the ISP recommended
to exclude sediment mercury from the report card analysis. When the sediment mercury LOR value
was at an acceptable level in 2017 and 2@is measure received the highest possible score (1.00)

in all 13 zones, indicating extremely low concentrations of sediment mercury in these years.

3.1.2. Water and sediment quality measures

A total of I7 water and sediment quality measures were assessed and reported in the 2020 Gladstone
Harbour Report Card. These measures were recommended 6yHIRSP as indicative of the factors
relevant to the harbour and its condition. The importance of each meagupverall harbour health

is described in the sections below.

35
QGadstone Healthy
/Horbour Partnership

2 E



Physicochemical indicators

pH

The pH of water is a measure of its alkalinity or acidity. By assessing the concentration of free
hydrogen and hydroxyl ions in water, pH indicates whether tiagewis acidic (pHd®), neutral (7)

or alkaline (pH &L4). The pH is an important property of marine and estuarine water as it determines
the solubility and biological availability of many nutrients and metals. As a rule of thumb, the
solubility of most netals tends to increase at low pH. Plant and animal spagaslly tolerate a
narrow pH range outside of which their ecology and behaviour are adversely impacted.

Turbidity

Turbidity is a measure of water clarity and is affected by the levels of suspended sediment (sand, silt
and clay), organic matter and plankton in the water. Coloured substances such as pigments and
tannins from decaying plant matter may also reduce watearity, but to a lesser extent. High
turbidity decreases thdight levels reaching the seabed which reduces photosynthesis and the
production of dissolved oxygen. This can lead to supressed growth and reproduction and if exposed
to low light for prolongederiods, eventuallyo mortality of algae, seagrasses and corals. Suspended
material in water with very high turbidity levels may also clog fish gills and smother benthic
invertebrates.

Nutrients

Nitrogen and phosphorus are essential nutrients for alaoigms and occur in a number of forms in
the natural environment. However, excess concentrations of these nutrients in the marine
environment may lead to increased biomasspbf/toplanktonand other aquatic plants, which as
they decay, may deplete the oxgig available for aquatic animals in enclosed or poorly flushed
waters.

Total nitrogen

Total nitrogen is the sum of the four major chemical forms of nitrogen in the marine environment:
nitrate, nitrite, ammonia nitrogen and organic nitrogeNitrogen is an essential nutrient for all
organisms, but at high levels it can lead to algal blooms, increased growth of macroalgae, deplete
oxygen in the water (eutrophication) and impact the growth of corals.

Total phosphorus

In aquatic systemsphosphorus exists in different forms such as dissolved orthophosphate,
organically bound phosphorus and particulate phosphorus. The total phosphorus measure gives an
indication of all forms of phosphorus in the water body. Key sources of phosphorus ininctele
cleaning products, urban ruoff, fertiliser runoff, rock weathering, partially treated sewage effluent

and animal faeces. Phosphorus is an essential nutrient for all organisms, but at high levels it can lead
to algal blooms and increased growdhmacroalgae, both of which may deplete oxygen in the water
(eutrophication) and impact coral growth.
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ChlorophyHa

ChlorophyHa is a plant pigment used in photosynthesis. In marine systems it is found in algae such
as phytoplankton, seagrasses and seads. High levels of chlorophgllmay indicate blooms of
algae which can occur when nutrient concentrations are elevated. In enclosed or poorly flushed
waters, this can lead to depleted levels of oxygen in the water and potentially, to fish kills. Algal
blooms may also contribute to reduced light reaching the seabed which may influence coral and
seagrass ecosystems.

Dissolved metals and metalloid

A suite of metals and one metalloidr¢enic) have been selected as indicators of harbour health
General infomation on the descriptions of metals, factors affecting toxicity and toxicology were
retrieved from ANZG (2018).

Aluminium

¢KS StSYSyid FfdzYAYyAdzy Aa | aift dSNEB oKAGS YSOlf
(Zumdahl and DeCost, 2010); theredfpit is common to find traces of this element in soil, sediment

and water. Aluminium in seawater can be derived from sources that are natural (e.g. weathering of
mineral rocks) or anthropogenic (e.g. mining waste, industrial dischaugesn runroff). Hgh levels

of dissolved aluminium in aquatic systems are toxic to algae and marine animals.

Arsenic

Arsenic (As) is a naturally occurring element in the environment. It can be introduced into aquatic
environments through natural contamination (e.g. by gemthal activity) or anthropogenically,
principally through miningelated activities that may disturb arsenic deposits (Garelick et al., 2008).
Arsenic may also be mobilised from bauxite residues remaining after aluminium extraction and is
typically storedn red mud dams (Lockwood et al., 2014). In sediment, arsenic is available as As (lll),
As (V) and in methylated forms. It is a highly soluble and mobile element, inorganic forms of which
may be toxic to aquatic species. Most biota convert inorganic argenéss toxic organic forms (e.g.
arsenosugars, arsenobetaine).

Cadmium

Cadmium is a negssential element in plants and animals. The sources of cadmium in oceanic waters
may be natural (e.g. volcanic activities, rock weathering) or anthropogenic ¢iegses from open
burning or incineration of municipal waste, mining activities, releases from landfills). In water,
cadmium is mostly adsorbed onto sediment and suspended patrticles. Increased concentrations of
cadmium in aquatic systems can lead to a eafjtoxic effects in fish, invertebrates, amphibians and
aquatic plants (UNEP, 2010).

Copper

Copper is an essential mienutrient for plants and animals. Similar to other metals, the sources of
copper in oceanic waters may be natural (e.g. released fediments) or anthropogenic (e.g. as a

“ Gladstone Healthy
/Horbour Partnership



biocide in antifouling marine paint). Increased concentrations of copper in aquatic systems can lead
to a range of toxic effects on algae, invertebrates,,fsstd other animals.

Lead

Lead is a toxic heavy methhat may have anthropogenic (e.g. industrial discharge, mining discharge)
or natural origins. Natural waters generally have very low concentrations of lead. In water, lead is
mostly adsorbed onto sediment and suspended particles. This metal has no knaefitbeo
aguatic plants or animals.

Manganese

alyarysSasS Aa (GKS mmiK Y2ad lFodzyRFyd StSYSyid Ay (
wellbeing of plants and animals. Its origin can be either anthropogenic or natural. The overall toxicity

of manganese to marine biota (except corals) is low. Two manganese deposits near Gladstone
Harbour have previously been mined and produced over 1,000 tonnes of manganese ore. Those
deposits were at Auckland Inlet (mined 188900) and Boat Creek (mined 1208®) (Wilson &

Anastasi, 2010).

Nickel

bAO1St A& GKS wnidK Y2ald FodzyRIYydG YSGl fCehpél G KS 91t
& Nikel,2006) Nickel in waterways can come from sources that are industrial or natural (e.g. through

rock weathemg). In water, nickel is mostly adsorbed onto sediment and suspended particles. At high
concentrations, nickel becomes toxic to organisms, but it does not tend to bioaccumulate through

the food web.

Zinc

Zinc is an essential trace element fmmimals and plants. Anthropogenic sources include zinc from
sacrificial anodes in ships, industrial discharges (e.g. mines, galvanic induaitiedattery
production), sewageeffluent, surface ruroff and some fungicides and insecticidest high
concentationszincistoxic to organisms.
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3.1.3. Water and sediment quality results

Water quality

The overall water quality score was derived from three -swdicator groups: physicochemical,
nutrients and dissolved metals. Thhysicochemical group comprised pH and turbidite nutrients
group comprised total nitrogernotal phosphorusand dlorophylta; and the dissolved metals group
comprised aluminium, copper, lead, manganese, nickel and zinc.

The overallkcorefor water quality in the2020report card was @9 (A) This was the first time the
water quality indicator received a very good scwi¢hin the GHHP prograniwelve zones received
very good scores (0.86.96, A) and Auckland Inlet received a B grade ov@iattle 33). This waslso

the firsttime since 2017 thaBoat Creek did not receive the lowest score of the 13 monitoring zones.

Table 33: Overall vater quality sub-indicator, zone and harbouscores forthe 2020 Gladstone
Harbour Report Car@verall pne andharbour scoreérom 2019 and 2018re shown for comparison.
Physice Dissolved

. Nutrients
chemical metals

Water quality

. The Narrows

. Graham Creek
. Western Basin
. Boat Creek

. Inner Harbour

. Auckland Inlet

. Mid Harbour

. South Trees Inlet
10. Boyne Estuary
11. Outer Harbour
12. Colosseum Inlet
13. Rodds Bay
Harbour score

olo|N|o|u|Mw[N|E

The physicochemical scores for pH weniformlyvery good(1.00)in all zonesTable 34). The scores
for turbidity ranged frongoodto very goodwith the majority of zones being rankeery good.Only
three zonegBoat Creek, Auckland Inlet and the Mid Harbdadl good scores with Auckland Inlet
receiving the lowest score (0.65, B). The harbour score for the physicazisaoirindicator (0.89, A)
was the highest observed since 2015.

Like previous report cardaptrientsreceived the lowest scerof 0.73 (Bamongst the water quality
subindicators.However, nutrient scores impwed compared to the previous year@abstzones and
overallreceived the highest scoref the last six yearEleven of the 13 monitoring zones had good
scores ranging from 0.66 to 0.88able 33). The Outer Harbour has the highest nutrient score (0.89,

A) while The Narrows had the lowest nutrient score (0.63, C). At the measure level, total phosphorous
received the highest scores, total nitrogen received the lowestesand chlorophyHa scores were

more variable, ranging from 0.45 (D) to 1.00 (Palde 34).
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Table 34: Scores for water quality measures for each of the 13 zones iBGB8Gladstone Harbour Report Card.

TN total nitrogen; TR; total phosphorous; Cka ¢ chlorophylta; Al¢ aluminium; Cig copper; Pl lead; Mn¢ manganese; Nj nickel; Zn zinc

Harbour Partnership

gGladstone Healthy

Zone Physicochemical Nutrients Dissolved metals
pH Turbidity TN TP Chta Al Cu Pb Mn Ni Zn

1. The Narrows 0.86 0.85 ‘ ‘ 1.00

2. Graham Creek 1.00 ‘ 1.00

3. Western Basin 0.99 ‘m

4. Boat Creek 0.89 ‘ 1.00

5.Inner Harbour 0.87 1.00 ‘ ‘

6. Calliope Estuary 1.00 1.00 ‘ OR<1) ‘ 1.00

7. Auckland Inlet 065 | 052 | 076 | 0.69 [N

8. Mid Harbour 075 | 056 JEEE o070 N

9. South Trees Inlet 0.91 m 1.00

10. Boyne Estuary 0.96 ‘ 1.00 ‘ 1.00

11. Outer Harbour 1.00 100  1.00  1.00

12. Colosseum Inlet 0.97 0.55 1.00 ‘ 1.00

13. Rodds Bay 0.85 092 I

Harbour score 0.89 093 I o096
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All zones had consistently very good scores @L9®) for the dissolved metals suitdicator (Table
3.3).The same was true at the measure level as five of the six metals received very good scores across
the 13 zones (Table 3.4). The exception, aluminium, showed good scores at Western Basin (0.83, B)
and Inner Harbour (0.68, B), with the remaining eleven zahesving consistently very good scores
(1.00, A).

Sedimenguality

The overall sediment quality scores were derived from oneisdizator. metals and metalloidFive
metals (cadmium, copper, leadickel,zinc) and the metalloid arsenic were assessed. fdreour
scorefor sediment quality wa®.95 (A} identical to 2017, 2018 and 2019 scores.

Zone scores for sediment quality wealtvery good ranging from 0.91 (A) in The Narrows to 1.00 (A)
in Boyne Estary(Table 35). This was a result tdw concentrations of all measures (arsenic, cadmium,
copper, lead nickel and zinc)Table 36). While zone scores wereuniformly very goodfor most
measuresthere were a number ofjoodor satisfactoryscores foisedimentarsenic and nickel.

Table 35: Overall sediment quality suindicator, zone and harbour scores fine 2020 Gladstone
Harbour Report Car@verall zone and harbour scores from 2@1@2018are shown for comparison.

Metals and ZOore score Zone score Zone score
metalloid 2020 2019 2018

Zone

. The Narrows

. Graham Creek

. Western Basin

. Boat Creek

. Inner Harbour

. Calliope Estuary
. Auckland Inlet

. Mid Harbour

. South Trees Inlet
10. Boyne Estuary
11. Outer Harbour
12. Colosseum Inlet
13. Rodds Bay
Harbour score

OO NO|ODWIN|F
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Table 36: Scores for sediment quality measures for each of the 13 zones i2dR@ Gladstone
Harbour Report Card.

Zone Metals and metalloid

Arsenic | Cadmium| Copper Nickel
1. The Narrows 0.79
2. Graham Creek 0.60

3. Western Basin

4. Boat Creek

5. Inner Harbour

6. Calliope Estuary
7. Auckland Inlet

8. Mid Harbour

9. South Trees Inlet
10. Boyne Estuary
11.Outer Harbour
12. Colosseum Inlet
13. Rodds Bay
Harbour score

3.1.4. Water and sediment quality conclusions

Scores for the water quality indicator have remained high since thedpstrt cardin 2015, receiving

a good grade (BHyom 2015 to 2019 and a very good grade (A) for the first time in ZBRure 31).

In 2020, vater quality was relatively uniform amss the harbourwith all zonesbut onereceiving a
very good score overallCompared to the previous yeascoresfor the physicochemical group
improved at althirteen zonesdue to higherscores for turbidity nutrient scores improved at eleven

of the 13monitoring zonesand dissolved metals scores were consistently very good. Improvements
in physicochential and nutrient scores resulted in the highest water qualigrbourscore (0.89, A)
since GHHP reporting began.

Despite improvements in nutrient scaethe nutrient sukindicator maintained the lowest score of

the three subindicators for thesixthsuccessive yeaAlthough nutrient sources are difficult to define,
catchment runroff is a major source of nutrients in estuarine waters such as Gladstarmtt (Hale

& Box, 2014). The level of nutrients entering the harbour can also be influenced by land use
(agricultural, industrial, urban, et¢.dlischarge from portside industriesd climatic conditionwith

the nutrient load expected to increase withetvseasonrun-off. As nutrients can bind to fine
sediments, the resuspension of sediments associated with tidal movements or wave action can also
lead to increased nutrient levelgithin Gladstone Harbour

In both 2019 and 2020 Gladstone HarbdReport Cards, nutrient and turbidity scores improved
compared to the previous yeaP@19 Technical Repgrtimproved nutrient and turbidity scores may

have resulted from the lowethan-averagerainfall and minimal discharge from the Boyne and
Calliope rivers (Figures 6.4 to 6.7; GHHP, 2019). In the past decade, flow from the Calliope River was
lowest in the preceding year (2019) and the second lowest in 2018 (Carter et al., 2020).
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https://dims.ghhp.org.au/repo/public/f5a602

From 201¢2019 Boat Creek received the lowest nutrient, physicochemical (turbidity) and overall
zone score. Although this was not the casé¢hia current yeay Boat Creek did gemally score lower
when compared with other zones. In 2020 Auckland Inlet received theslowRysicochemical
(turbidity) score, second lowest nutrient score and lowest overall zone score. In contrast, Outer
Harbour received the highest nutrient, physicochemical (turbidity) and overall zone score for the
fourth consecutive year. These resultditate that the more oceainfluenced zones (such as Outer
Harbour) have lower nutrient loads and improved water claritglevant to zonespecific WQGOs
whencompared to othemonitoringzones. The small arghallownature of several of the estuarine
zones,which are more prone tohe resuspension of sediments owing to wind and tidal movement
likely influences the higher nutrient concentrations and turbidity values exhibited at zones such as
Auckland Inlet and Boat Creek.

For additional information on the water and sediment quality indicators of Gladstone Harbour, please
refer to the2017and2018reports (Schultz et al., 2019; Hansler et al., 2020). These technical reports
provide greater detail on potential factors affecting water quali@®iA/QCand other comparison
techniques used to elucidate trendstime water and sediment quality of Gladstone Harbour.

Harbour score - Water Quality

Score

0.2 -

0.0 -

2015 2016 2017 2018 2019 2020
Reporting year
Figure 31: Trends in the harbour score for water quality, 2@2020(Error bars show@5% bootstrap

confidence intervals

Sediment quality scores were uniformly very good acrosSlatiistone Harbour reporting zones as it
has been in all previous report cardsgure ). This is a result of low concentrations of all measures
(arsenic, cadmium, copper, leauckel and zinc).

As in previous years, zone scores for arsenic and niaked @accasionally good or satisfactory. The
lowest score for an individual measure was for arsenic, which received the only good score. Angel et
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https://dims.ghhp.org.au/repo/public/4f80c4
http://ghhp.org.au/assets/documents/2018-water-and-sediment-quality-report_final-1593578612.pdf

al. (2012) showed that particulate arsenic concentrations exceeded the ANZECC/ARMCANMNMMSQG
trigger valuem two samples from The Narrows and one sample near Qstand. They noted that

the source of this arsenic was natural (geological formation on the area) and not associated with
anthropogenic inputsSimilarly it has been suggested that The Narrowssewrce of dissolved nickel,

as dissolved nickel concentrations in water increase with proximity to the Narrows (Angel et al., 2010;
Angel et al., 2012). The same general pattern was evidenced in sediment nickel scores in the current
and previous Gladstondarbour report cards, further implying a natural source of nickel.

Harbour score - Sediment Quality

Score

0.4 -
0.2 -

0.0 -
1 | ] ] ] |
2015 2016 2017 2018 2019 2020
Reporting year

Figure 32: Trends in the harbour score for sediment quality, 2@13020 (Error bars shov®5%
bootstrap confidence interva)s

1ISQG refers to the Interim Sediment Quality Guideline. For sediment arseni@dmium this guideline is
used in the report card.
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3.2. Habitats

3.2.1. Seagrass

Seagrass meadows are one of the most

What is seagras® important habitat types within Gladstone

i Harbour. Within the GHHP reporting area, there
Seagrasses are the only flowering plants tha 14 itored d Th
can live entirely submerged in seawatdihese are mo.nl.ore. Seagrass meadows. These are
seafloor with erect elongate leaves and a Western Basin, Inner Harbour, Mid Hatlwp
buried rootlike structure Seagrasses are widely South Trees Inlet and Rodds Bay. The area and
distributed along the coastlines of the world  yiqiripytion of the seagrass meadows can vary
and provide a range of important functions Iv. but at K distributi
within the marine ecosystemThere are four annuaily, .u at pea IStribution - S€agrass
families of seagrass worldwid¢hree of which meadows in Gladstone Harbour can cover
are commonly found in Gladstone Harboiihe approximately 12,000 ha (Davies$ al., 2016).
seagrass indicators in the report card are baset Thijs area can include intertij shallow subtidal
o s Tollouling) uE SEReiEs o SRElEes and deepwater habitats. Seagrasses can inhabit

Zostera muellerssp capricorni various substrata from mud to rock. The most
Halophila ovalis

: > extensive seagrass meadows occur on soft
Halophila decipiens
Halophila spinulosa substrata such as sand and mud. Seagrass
Halodule uninerviévide and narrow legf meadows provide a range of important

ecosystem functions, sh as sediment
stabilisation, nutrient cycling and carbon
{’\}\ ‘ . sequestration (Figure 33). They also provide
’ nursery areas for juvenile fishes and foraging
areas for dugongs, turtles and large fish such as

adult barramundi.
Halophila ovalis  Halophila decipiens

Seagrasses are highly sensitive @ductions in
% (wide) available light and are susceptible to changes in
,» . ‘\ a range of water quality parameters that affect
! ' light penetration. High nutrient levels from
agricultural or urban rwoff can cause algal
blooms that shade seagrass. Increases in water
turbidity from suspended sediments can reduce
both seagrass growth and the size and extent of seagrass meadows. This is due to a decrease in
available light and the effects of sediments settling on seagrass leaves. In Gladstone Harbour,
increases in turbidity malge associated with flooding, large tidal movements or dredging. At a local
scale, dredging can impact seagrasses in several ways. Dredging can increase turbidity, directly remove
seagrass, bury seagrass in dredge spoil, and destabilise the seafloon@lfowiresuspension of
sediments (York & Smith, 2013). While a number of factors can negatively impact seagrass growth,
McCormack et al. (2013) indicated environmental conditions are key influences on seagrass meadow
condition in Gladstone Harbour.

Zostera muelleri
ssp capricorni

L

(narrow)

Halophila spinulosa Halodule uninervis

Informaion within the following sections are drawn from a seagrass monitoring project that
commenced in 2002 (Carter et al., 2020; Smith et al., 20&8tizh was funded by the Gladstone Ports
Corporation Ltd Nearlytwo decades of monitoring and researbhsprovided insight into potential
causes and trends with regard to changes in the seagrass meadows of Gladstone Harbour.
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3.2.2. Seagrass data collection

The Seagrass Ecology Group from t
Centre for Tropical Water & Aquatit
Ecosystem ResearqiropWATER) at
James Cook University collecte
seagrass data to determine the
seagrass scores. This group has be
monitoring seagrass at Gladsie

Harbour and Rodds Bay since 20(
when GPC commissioned a fiseale

survey of seagrass within the
Gladstone Port Limits (Rasheed et a

Why species composition is important

2003). This baseline survey identifie §8

large areas of seagrass within th
Gladstone Port Limits.

The annual seagsa monitoring
program started in 2004nd currently
assesses lrepresentative intertidal
and shallow subtidal seagras
meadows in Gladstone Harbour an
Rodds BayHigures8.2, 8.6,8.10,8.16,

8.18 and 8.26). Meadows were
selected to represent the rangefo
seagrass communities within the por
considered the most likely to be
impacted by port facilities and future
developments. Additional oubf-port

reference meadows were selected &
Rodds Bay. Seagrass monitoring

conducted annually in October o
Novemler around the peak of seagras
abundance.

Threesubrindicators of seagrass healtl
were measured to calculate the
seagrass scoredor the Gladstone
Harbour report card:

™

Figure3.3: erases at low tide.

Fisheries habitat Fish display a distincpreference for
particularspecief seagrass. A shift in species composition ¢
lead to a change in the abundance andedsity of fishes

Benthic invertebrate diversityThe abundance and diversity ¢
benthic invertebrates differs between seagrass segci
Changes in the benthic invertebrate community can result
the loss of important habitat functions and a decline in tl
secondary productivity of the meadow

Coastal protection Stiffness, biomass, density, leaf length al
morphology all influence thecoastal protection value of
seagrass. LoAlved, slowgrowing species provide the greate:
protection.

Carbon sequestrationSpecies compositioisa known variable
for carbon sequestration. Larger bodied species are genet
associated with higher sedientary organic carbon stocks.

Resistance to disturbancelLarger bodied, persistent specie
generally have a higher physiological resistance to disturbai
while smaHbodied colonising speciesanrecovermore rapidly
following disturbances

1 Biomass; changes in average abogeound biomass within a monitoring meadow
1 Areagchanges in the total area of a monitoring meadow

1 Species compositiong changes in the relative proportions of species within a monitoring

meadow

K,\Gladstone Healthy
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