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Executive summary 

Context 

The 2020 Gladstone Harbour Report Card reports on the environmental health of 13 reporting zones 

in and around Gladstone Harbour and the overall Environmental, Social, Cultural and Economic health 

of the harbour. This report card covers environmental monitoring undertaken in the period 1 July 2019 

to 30 June 2020 and environmental, social, cultural and economic monitoring undertaken in 2018 and 

2019. Indicator scores range between 0.00 and 1.00 and are converted into grades (Figure 1). 

 

 
Figure 1:  Grading scheme used to convert scores to grades in the 2020 Gladstone Harbour Report 
Card for each component of harbour health. 
 

Overall component grades 

The overall component scores and grades for the 2020 report card were: Environmental 0.66 (B), 

Social 0.67 (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 inception, no new monitoring for 

these components was undertaken in the 2019 ς20 report card year. Scores and grades from the 2018 

and 2019 report cards have been used for these components and further monitoring is scheduled to 

take place in 2021ς22 for SocialΣ /ǳƭǘǳǊŀƭ όΨǎŜƴǎŜ ƻŦ ǇƭŀŎŜΩύ and Economic. Cultural heritage is 

scheduled to be monitored again in 2022-23. Except for mangroves, all 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 2023ς24. 

 

A

B

C

D

E

Very good (0.85 ς 1.00)

Good (0.65 ς 0.84)

Satisfactory (0.50 ς 0.64)

Poor (0.25 ς 0.49)

Very poor (0.00 ς  0.24)
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Figure 2:  Overall scores for each of the four components of Gladstone Harbour Health in 2020. 

 

Environmental health 

The overall grade for the Environmental component was a B (0.66). This 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 0.92 (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 (C) in 2020, a result of a higher score for seagrass. The overall 

score for fish and crabs also improved in 2020 owing to 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. 

Zone 

Indicator groups 

Water and sediment 
quality 

Habitats 
(seagrass, corals and 

mangroves) 
Fish and crabs 

1. The Narrows 0.88 0.77 0.64 

2. Graham Creek 0.91 0.64 0.65 

3. Western Basin 0.93 0.66 0.84 

4. Boat Creek 0.87 0.46 0.60 

5. Inner Harbour 0.89 0.63 0.57 

6. Calliope Estuary 0.95 0.58 0.52 

7. Auckland Inlet 0.89 0.65 0.50 

8. Mid Harbour 0.92 0.39 0.66 

9. South Trees Inlet 0.92 0.80 0.54 

10. Boyne Estuary 0.95 0.26 0.60 

11. Outer Harbour 0.98 0.36 0.69 

12. Colosseum Inlet 0.93 0.72 0.66 

13. Rodds Bay 0.92 0.77 0.47 

Harbour score 0.92 0.50 0.56 

 

Water and sediment quality 

Water quality received a score of 0.89 (A)τa continued improvement from the 2017 result (0.76, B) 
and the highest recorded in a Gladstone Harbour Report Card. The sediment quality indicator also 
received a very good score (0.95, A) which was identical to previous years (Table 3). Since the first 
report card in 2015, water quality has been rated as good or very good and sediment quality has 
consistently been rated as very good. 

 

Water quality 

Water quality was relatively uniform across the harbour. Twelve of the thirteen zones received a very 

good score, with the remaining zone receiving a good score (Table 2). Compared to the previous year, 

scores for the physicochemical group increased at all thirteen zones as a result of higher scores for 

turbidity (which indicate lower levels of turbidity). Similarly, the nutrient harbour score (0.73, B) 

increased for the second consecutive year since the 2018 score of 0.47 (D) due to the cumulative 

effects of higher scores for all three measures (total nitrogen, total phosphorous and chlorophyll-a). 

Dissolved metal scores of 0.96 ς 1.00 (A) were uniformly very good for the sixth consecutive year. 
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Table 2:  Water quality indicator scores for the 2020 Gladstone Harbour Report Card. Scores from 
2019 and 2018 are shown for comparison. 

Water quality 
Physico-
chemical 

Nutrients 
Dissolved 

metals 
2020 2019 2018 

1. The Narrows 0.93 0.63 1.00 0.85 0.74 0.71 

2. Graham Creek 0.98 0.76 1.00 0.91 0.79 0.78 

3. Western Basin 0.97 0.75 0.96 0.89 0.77 0.72 

4. Boat Creek 0.89 0.69 0.98 0.85 0.68 0.63 

5. Inner Harbour 0.94 0.68 0.95 0.85 0.82 0.80 

6. Calliope Estuary 1.00 0.84 0.99 0.94 0.80 0.76 

7. Auckland Inlet 0.83 0.66 0.97 0.82 0.77 0.74 

8. Mid Harbour 0.87 0.75 1.00 0.87 0.86 0.81 

9. South Trees Inlet 0.96 0.67 1.00 0.87 0.83 0.76 

10. Boyne Estuary 0.98 0.72 1.00 0.90 0.88 0.79 

11. Outer Harbour 1.00 0.89 1.00 0.96 0.93 0.92 

12. Colosseum Inlet 0.99 0.69 1.00 0.89 0.88 0.83 

13. Rodds Bay 0.93 0.73 1.00 0.89 0.83 0.74 

Harbour score 0.94 0.73 0.99 0.89 0.81 0.76 

 

Sediment quality 

Sediment quality was uniformly very good in all harbour zones (Table 3). This was a result of low 

concentrations of all measures (arsenic, cadmium, copper, lead, nickel and zinc). 

 

Table 3:  Sediment quality indicator scores for the 2020 Gladstone Harbour Report Card. Scores from 
2019 and 2018 are shown for comparison. 

Zone 
Metals and 
metalloid 

2020 2019 2018 

1. The Narrows 0.91 0.91 0.92 0.90 

2. Graham Creek 0.90 0.90 0.91 0.94 

3. Western Basin 0.98 0.98 0.98 0.98 

4. Boat Creek 0.89 0.89 0.92 0.91 

5. Inner Harbour 0.93 0.93 0.92 0.95 

6. Calliope Estuary 0.95 0.95 0.96 0.95 

7. Auckland Inlet 0.95 0.95 0.94 0.91 

8. Mid Harbour 0.97 0.97 0.94 0.95 

9. South Trees Inlet 0.96 0.96 0.96 0.94 

10. Boyne Estuary 1.00 1.00 0.99 0.97 

11. Outer Harbour 0.99 0.99 0.97 0.96 

12. Colosseum Inlet 0.97 0.97 0.96 0.99 

13. Rodds Bay 0.96 0.96 0.98 0.97 

Harbour score 0.95 0.95 0.95 0.95 
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Habitats  

The overall score for habitats was satisfactory (0.50, C) for the first time in the GHHP program owing 

to an increase in the seagrass score. The seagrass score improved substantially in the past two yearsτ

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 therefore 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. Three sub-indicators were used: biomass (above-ground 

biomass of a meadow), 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 successive year 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 the seven monitoring zones 

from the previous report card. Thirteen of the fourteen monitored meadows were in satisfactory, 

ƎƻƻŘ ƻǊ ǾŜǊȅ ƎƻƻŘ ŎƻƴŘƛǘƛƻƴΦ ¢ƘŜ ƘŀǊōƻǳǊΩǎ ǎŜŀƎǊŀǎǎ ƳŜŀŘƻǿǎ ŀǊŜ ŎƻƴǘƛƴǳƛƴƎ ǘƻ ǊŜŎƻǾŜǊ ŦƻƭƭƻǿƛƴƎ 

several years of poor condition. Results suggest that improvements in seagrass condition were largely 

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

 

Table 4:  Seagrass indicator scores for the 2020 Gladstone Harbour Report Card. Scores from 2019 and 
2018 are shown for comparison. Please note, scores may 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). 

Zone Meadow Biomass Area 
Species 

composition 
Overall 

meadow 
2020 2019 2018 

1. The Narrows 21 0.90 0.97 0.97 0.90 0.90 0.71 0.42 

3. Western Basin 

4 1.00 0.91 0.96 0.91 

0.80 0.69 0.45 

5 0.92 0.92 0.89 0.91 

6 0.91 0.90 0.80 0.85 

7 0.73 0.73 1.00 0.73 

8 0.91 0.82 0.60 0.71 

52ς57 0.72 1.00 1.00 0.72 

5. Inner Harbour 58 0.70 0.97 0.74 0.70 0.70 0.21 0.09 

8. Mid Harbour 
43 0.31 0.95 0.58 0.31 

0.43 0.52 0.46 
48 0.75 0.91 0.33 0.54 

9. South Trees Inlet 60 1.00 1.00 0.99 1.00 1.00 0.89 0.85 

13. Rodds Bay 

94 1.00 0.86 1.00 0.86 

0.90 0.49 0.10 96 1.00 1.00 0.96 0.99 

104 0.91 0.85 0.95 0.85 

Harbour score  0.79 0.59 0.40 
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Corals 

Coral health was assessed at six representative reefs located in the Mid Harbour and the Outer 

Harbour. Four sub-indicators were used to assess coral health: coral cover, macroalgal cover, juvenile 

density and change in hard coral cover. Coral cover and macroalgal cover measure the percent cover 

of living, adult corals and macroalgae respectively; juvenile density is the number of coral recruits (<5 

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

hard coral cover increases or decreases. Coral cover was used to assess the state of a reef while the 

other sub-indicators ƳŜŀǎǳǊŜ ŀ ǊŜŜŦΩǎ ǇƻǘŜƴǘƛŀƭ ǘƻ ǊŜŎƻǾŜǊΦ 

In 2020, corals were in very poor condition for the third consecutive year, receiving an overall score 

of 0.14 (E). This was a result of a low cover of living coral, high macroalgal cover, low abundance of 

juvenile corals, 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 scores decreased considerably and resulted in 

the diminished overall harbour score. Ongoing pressures such as high macroalgal cover and the 

widespread presence of the bio-eroding sponge Cliona orientalis and acute disturbances, such as the 

high water temperatures in early 2020, appear to be hindering the recovery of the coral communities 

of Gladstone Harbour. 

 

Table 5:  Coral indicator scores for the 2020 Gladstone Harbour Report Card. Scores from 2019 and 
2018 are shown for comparison. 

Zone 
Coral 
cover 

Macroalgal 
cover 

Juvenile 
density 

Change in 
hard coral 

cover 
2020 2019 2018 

8. Mid Harbour 0.09 0.15 0.15 0.44 0.21 0.19 0.28 

11. Outer Harbour 0.08 0.00 0.08 0.13 0.07 0.17 0.20 

Harbour score 0.08 0.07 0.12 0.28 0.14 0.18 0.24 

 

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 every five years and no new monitoring 

was conducted in 2020. The 2019 mangrove scores as presented below are used to calculate the 

overall scores for the habitats indicator group and the overall Environmental score. 

In 2019 three sub-indicators were used to assess mangrove health: extent, canopy condition and 

shoreline condition. Mangrove extent, 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. 

The overall score for mangroves in Gladstone Harbour was 0.57 (C) slightly lower than the score of 

0.60 (C) in 2018. This may have been a result of the drier conditions which prevailed during the 2018ς

19 reporting year. 
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Table 6:  Overall mangrove zone and harbour scores for the 2020 and 2019 reporting years. Scores 
from 2018 are shown for comparison. 

Zone 
Mangrove 

extent 

Mangrove 
canopy 

condition 

Shoreline 
condition 

2020 / 2019 2018 

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. Mid Harbour 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 0.19 0.19 0.26 0.41 

11. Outer Harbour 0.76 0.64 0.59 0.66 0.65 

12. Colosseum Inlet 0.85 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 was 0.56 (C). Bream recruitment received a score of 0.64 (B), which 

was a marked improvement on the 2019 score of 0.27 (D). The mud crab indicator received a poor 

score of 0.39 (D), which was lower than the score of 0.47 (D) received in the previous year. The fish 

health indicator received a good score of 0.69 (B), which was identical to the score received in 2019. 

 

Fish health 

The harbour score for fish health was 0.69 (B), being the average of the harbour scores for two fish 

health sub-indicators:  

1. Visual Fish Condition: An automated visual assessment of images captured by fishers using a 

mobile phone app. Length and weight data were also recorded at the time of capture.  

2. Fish Health Assessment Index: A thorough assessment of the health of individual fish based 

on visual condition and the condition of several internal organs and tissues. 

Both sub-indicators assessed the health of fish species commonly caught in Gladstone Harbour. 

However, there were some differences in the species assessed because of the different fishing 

methods used and owing to COVID-19 restrictions limiting community-collected data. The overall 

score for visual fish condition was 0.72 (B), while the overall score for the fish health assessment index 

was 0.67 (B) (Table 7). The health assessment index was calculated by scoring and summing visual 

inspection scores for numerous external and internal measures. The scores for visual fish condition 

(Table 8) are derived from two metrics: an external visual assessment of fish health, which includes 

assessing the skin, eyes, and fins, as well as the recording the incidence of parasites and deformities, 

and fish body condition determined from the length weight relationship. Measures of fish body 

condition are widely used to assess the health of individual or groups of fish.  
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While the overall score for fish health (0.69, B) was identical to 2019, the two years are not directly 

comparable as there was a lower fishing effort in 2020. The reduction in effort, resulting from COVID-

19 restrictions and a reduced budget, led to lower sample sizes and fewer fish species assessed for 

both fish health sub-indicators. 

 

Table 7:  Overall fish health assessment index (HAI) species and harbour scores from 2019 to 2020. 

Fish health assessment Index (HAI) 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 ς No data or insufficient data to determine a score 

Table 8:  Overall visual fish condition (VFC) species and harbour scores from 2019 to 2020. 

Visual fish condition (VFC) FVA FBC VFC 2020 VFC 2019 

Yellow-finned Bream 0.97 0.44 0.71 0.61 

Pikey Bream 0.99 0.48 0.74 0.81 

Barred Javelin  0.97 ND ND 0.99 

Dusky Flathead 0.98 ND ND 0.52 

Mangrove Jack 0.98 ND ND 0.56 

Harbour score 0.72 0.69 
FVA ς Fish visual assessment; FBC ς Fish body condition; ND ς No Data 

 

Fish recruitment 

Fish recruitment was assessed for two species: yellow-finned bream Acanthopagrus australis and 

pikey bream Acanthopagrus pacificus. The overall score for 2020 was 0.64 (C). This was a marked 

improvement from the 2019 score (0.27), which is the lowest score since fish recruitment was included 

in the report card in 2016 (Table 9). This improvement may be a response to the prevailing climatic 

conditions. While total rainfall in the 2019ς20 reporting year was below average, rainfall in January 

and February 2020 was greater than the monthly average and greater than rainfall recorded in January 

and February 2019, which were particularly dry months. Freshwater inflows have been linked to 

estuarine productivity with productivity declining in drier years and the improved result may be a 

result of improved inflows. However, 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 recruitment in Gladstone Harbour and its tributaries. 
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Table 9:  Bream recruitment scores for 12 harbour zones and the overall harbour score from 2016 to 
2020. 

Zone 2020 2019 2018 2017 2016 

1. The Narrows 0.63 0.18 0.58 0.75 0.30 

2. Graham Creek 0.92 0.17 0.77 0.58 0.44 

3. Western Basin 0.98 0.13 0.79 0.78 0.36 

4. Boat Creek 0.38 0.32 0.61 0.47 0.36 

5. Inner Harbour 0.63 0.16 0.67 0.64 0.33 

6. Calliope Estuary 0.66 0.28 0.70 0.79 0.43 

7. Auckland Inlet 0.80 0.53 0.87 0.91 0.53 

8. Mid Harbour 0.62 0.12 0.58 0.71 0.29 

9. South Trees Inlet 0.39 0.25 0.69 0.71 0.43 

10. Boyne Estuary 0.51 0.32 0.52 0.74 0.54 

12. Colosseum Inlet 0.63 0.39 0.61 0.71 0.45 

13. Rodds Bay 0.52 0.33 0.59 0.74 0.58 

Harbour score 0.64 0.27 0.66 0.71 0.40 

 

Mud crabs 

Seven zones were sampled to collect data on three mud crab sub-indicators: sex ratio, abundance and 

prevalence of rust lesions. Sex ratio quantifies the ratio of legal-sized male crabs (>15 cm spine width) 

to female crabs of the same size. Abundance was used to 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 in 2020 was 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 2019. Scores for 

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). As only three mud crabs were caught 

in Auckland Creek a score was not calculated for this zone. 

 

Table 10:  Mud crab indicator scores for the 2020 Gladstone Harbour Report Card. Scores from 2019 
and 2018 are shown for comparison.  

Zone Sex Ratio 
Abundance 

(CPUE) 
Prevalence of 
rust lesions 

2020 2019 2018 

1. The Narrows 0.00 1.00 0.80 0.60 0.63 0.66 

2. Graham Creek 0.00 0.18 0.84 0.34 0.45 0.44 

4. Boat Creek 0.29 1.00 0.84 0.71 0.48 0.51 

5. Inner Harbour 0.00 0.19 0.99 0.39 0.48 0.52 

6. Calliope Estuary 0.00 0.13 0.45 0.19 0.43 0.52 

7. Auckland Inlet NC 0.00 NC NC NC NC 

13. Rodds Bay 0.06 0.13 0.45 0.21 0.36 0.38 

Harbour score 0.06 0.38 0.73 0.39 0.47 0.49 
CPUE - catch per unit effort, NC - 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 2020. Social health will be assessed again in 2021ς22. The 2019 Social 

component scores are used for the 2020 report card. 

The overall score for Social health in 2019 was 0.67 (B), which was similar to previous years. This score 

was based on three indicator groups: harbour usability 0.64 (C), harbour access 0.67 (B) and liveability 

and wellbeing 0.70 (B) (Table 11). All indicator scores were similar to those recorded previously and 

the overall Social health of the harbour has remained stable since 2015. This suggests that people 

living in the Gladstone region continue to feel that Gladstone Harbour provides them with a positive 

living experience and quality of life. 

 

Table 11:  Social indicator group and indicator scores for the 2020 and 2019 reporting years. Scores 
from 2018 and 2017 are shown for comparison. 

Indicator groups Social indicators 
2020 / 
2019 

2020 / 
2019 

2018 2017 

Harbour 
usability 

Satisfaction with harbour 
recreational activities 

0.71 

0.64 0.63 0.62 
Perceptions of air and water 
quality 

0.58 

Perceptions of harbour 
safety for human use 

0.63 

Harbour access 

Satisfaction with access to 
the harbour 

0.73 

0.67 0.67 0.66 

Satisfaction with boat ramps 
and public spaces 

0.65 

Perceptions of harbour 
health 

0.63 

Perceptions of barriers to 
access 

0.66 

Liveability and 
wellbeing 

Liveability and wellbeing 0.70 0.70 0.70 0.66 

Overall score   0.67 0.67 0.67 0.66 

 

Cultural health 

The Cultural component score is comprised of two ƛƴŘƛŎŀǘƻǊ ƎǊƻǳǇǎΣ ΨǎŜƴǎŜ ƻŦ ǇƭŀŎŜΩ Indigenous 

cultural heritageΦ Ψ{ŜƴǎŜ ƻŦ ǇƭŀŎŜΩ ǿŀǎ ƭŀǎǘ ƳƻƴƛǘƻǊŜŘ ƛƴ нлмф ŀƴŘ ǘƘŜǎŜ ǊŜǎǳƭǘǎ ŀǊŜ ǳǎŜŘ ƛƴ ǘƘŜ нлнл 

ǊŜǇƻǊǘ ŎŀǊŘΦ ¢ƘŜ ΨǎŜƴǎŜ ƻŦ ǇƭŀŎŜΩ ǎŎƻǊŜ Ƙŀǎ ǊŜƳŀƛƴŜŘ ǎǘŀōƭŜ ƻǾŜǊ ǘƘŜ ƭƛŦŜ ƻŦ ǘƘŜ ǊŜǇƻǊǘ ŎŀǊŘΦ IŜƴŎŜ 

monitoring of this indicator group will be conducted triennially from 2019 with the next scheduled 

reporting of this indicator group to occur in the 2021ς22 reporting year. The score for Indigenous 

cultural heritage ranged from 0.53 to 0.55 in the 3 years it has been monitored between 2016 and 

2018. Owing to the stability of this indicator group from 2018 onwards monitoring is scheduled to 

occur every five years with the next round of monitoring due in the 2022ς23 reporting year. Results 

from the 2018 surveys will be used to calculate the overall score for the Cultural component until then. 
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The overall score for the Cultural health of Gladstone was 0.60 (C). Two indicator groups for Cultural 

ƘŜŀƭǘƘ ǿŜǊŜ ŀǎǎŜǎǎŜŘΥ ΨǎŜƴǎŜ ƻŦ ǇƭŀŎŜΩ лΦс6 (B) and Indigenous cultural heritage 0.54 (C).  

¢ƘŜ ƻǾŜǊŀƭƭ ΨǎŜƴǎŜ ƻŦ ǇƭŀŎŜΩ ǎŎƻǊŜ ǿŀǎ similar to previous years (Table 12). This result suggests that the 

community expectations of the Gladstone Harbour area are mostly being met.  

Scores for the Indigenous cultural heritage indicator have remained relatively stable since it was 

included in the report card in 2016. The overall Indigenous cultural heritage score of 0.54 (C) was 

based on site surveys conducted in 2016, 2017 and 2018 (Table 13).  

 

Table 12:  {ŎƻǊŜǎ ŦƻǊ ǘƘŜ ΨǎŜƴǎŜ ƻŦ ǇƭŀŎŜΩ ƛƴŘƛŎŀǘƻǊ ƎǊƻǳǇΣ нлм6 to 2020. Scores from 2018 to 2016 
are shown for comparison. 

Indicator 

group 
Indicators 

2020 / 

2019 

2020 / 

2019 
2018 2017 2016 

Ψ{ŜƴǎŜ ƻŦ 

pƭŀŎŜΩ 

Place attachment 0.58 

0.66 0.65 0.65 0.66 

Continuity 0.58 

Pride in the region 0.74 

Wellbeing 0.61 

Appreciation of the harbour 0.83 

Values 0.66 

 

Table 13:  Scores for Indigenous cultural heritage indicators and overall harbour score for the 2018, 
2019 and 2020 report cards. 

Zone 

Physical condition Management strategies 
Zone 
score Intact.  Distur. Threat. Recor. 

Cultural 
manage. 

Stake. Monit. Access 
Cultural 
resour. 

The 
Narrows 

0.82 0.63 0.28 0.80 0.10 0.50 0.80 0.60 0.20 0.54 

Facing 
Island 

0.95 0.64 0.11 0.90 0.10 0.40 0.90 0.90 0.10 0.56 

Wild 
Cattle Ck 

0.67 0.59 0.24 0.80 0.10 0.60 0.70 0.60 0.10 0.49 

Gladstone 
Central 

0.85 0.44 0.50 1.00 0.10 0.40 1.00 0.60 0.10 0.57 

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

The Economic component was last assessed in 2019 and had an overall score of 0.72 (B), with scores 

ranging from 0.72 to 0.77 between the 2015 and 2019 report cards. As the scores for the Economic 

component and its indicator groups have been stable over this 5-year period, from 2019 onwards this 

component will be monitored every three years with the next round of monitoring due to occur for 

the 2022 report card. 

The 2020/2019 score was determined by the scores from three indicator groups: economic 

performance 0.90 (A), economic stimulus 0.58 (C) and economic value 0.76 (B) (Table 14). While the 

overall economic health of Gladstone remained good, this score was influenced by reduced 

employment opportunities, and a lower score for socio-economic status. Commercial fishing received 

a poor score due to low gross value production and a lower net fishery productivity score. Shipping 

activity and tourism have remained strong. 

 

Table 14:  Scores for the economic indicator groups from 2016 to 2020. The 2018 to 2016 scores are 
shown for comparison.  

Indicator group Indicators 
2020 / 
2019 

2020 / 
2019 

2018 2017 2016 

Economic 
performance 

Shipping activity 0.90 

0.90 0.90 0.90 0.87 Tourism 0.90 

Commercial fishing 0.36 

Economic 
stimulus 

Employment 0.44 
0.58 0.58 0.67 0.74 

Socio-economic status 0.64 

Economic value 
(recreation) 

Land-based recreation 0.77 

0.76 0.74 0.73 0.73 
Recreational fishing 0.71 

Beach recreation 0.76 

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 

ΨDƭŀŘǎǘƻƴŜ Ƙŀǎ ŀ ƘŜŀƭǘƘȅΣ ŀŎŎŜǎǎƛōƭŜΣ ǿƻǊƪƛƴƎ ƘŀǊōƻǳǊΩΦ ¢ƘŜ guiding principles of the partnership are 

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 and continuous 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 challenges of policy, planning 

and actions, as they relate to achieving the GHHP vision, are supported by credible science. 

The Gladstone Harbour Report Card reports on the Environmental, Social, Cultural and Economic 

health of the harbour (Figure 1.1). Stakeholder and community consultation identified these four 

components as important to the community during workshops conducted by GHHP in 2013. 

Figure 1.1:  The four components of harbour health. 

 

1.2. Reporting periods 
 

The reporting period for the 2020 Gladstone Harbour Report Card was 1 July 2019 to 30 June 2020. 

This allows the significant environmental changes that occur in the wetter summer months to be 

captured in the annual data. However, mangrove data collected in the 2018ς19 reporting year was 

used to complete the Environmental component. No new data for the Social, Cultural and Economic 

components was collected during the 2019ς20 report card year. All grades and scores for these 

components are those used in the 2019 report card.  

ENVIRONMENTAL HEALTH

ă Water and sediment quality

ă Habitats

ă Fish and crabs

SOCIAL HEALTH

ă Harbour usability

ă Harbour access

ă Liveability and wellbeing

CULTURAL HEALTH

ă ΨSense of placeΩ

ă Indigenous cultural heritage

ECONOMIC HEALTH

ă Economic performance

ă Economic stimulus

ă Economic value
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2. From indicators to report card grades 
 

2.1. Structure and indicators 
 

The hierarchy of score aggregation used to calculate the final grade for each component of harbour 

health can include up to five levels of aggregation: components, indicator groups, indicators, sub-

indicators and measures (Table 2.1). This structure derives the final scores from raw data collected 

through field sampling, community surveys and publicly available sources. 

 

Table 2.1:  The five levels of aggregation employed to determine the grades and scores in the 

2020 Gladstone Harbour Report Card. 

Name Explanation 

Level 1: Component The report card reports on the condition of four components of 
harbour health: Environmental, Social, Cultural and Economic. 

Level 2: Indicator group Group of several related indicators ς for instance, the indicator 
group ΨhabitatsΩ comprises the indicators seagrass and corals; 
the indicator group Ψeconomic performanceΩ comprises the 
indicators shipping activity, tourism and commercial fishing. 

Level 3: Indicator  An aspect of a system that may be used to indicate the state or 
condition of that system ς for instance, Ψwater quality and 
seagrassΩ may be used to indicate the environmental condition 
of Gladstone Harbour; Ψshipping activityΩ may be used to 
indicate the economic state of Gladstone Harbour. 

Level 4: Sub-indicator Group of several related measures ς for instance, the Ψnutrients 
sub-indicatorΩ (within water quality) comprises the measures 
total nitrogen, total phosphorus and chlorophyll-a. 

Level 5: Measure A numerical value assigned to an individual parameter used to 
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 E) that are used to calculate the 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 threshold is a decimal value between 0.00 and 1.00 

(Figure 2.1). Scores are assigned to measurements that are then aggregated upwards to the 

component level. 

 

Figure 2.1:  Grade ranges used in the 2020 Gladstone Harbour Report Card. 

  

A (Very good)B (Good)C (Satisfactory)D (Poor)E (Very poor)

0 0.25 0.50 10.65 0.85
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Aggregation of report card grades and scores 

A number of methods have been used to calculate an index value for the smallest geographic unit of 
reporting (e.g. ΨsiteΩ for water and sediment quality, ΨreefΩ for coral indicators and ΨmeadowΩ for 
seagrass indicators) in the 2019ς20 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 collected on four occasions in the 
2019ς20 reporting year. The annual site means were used to develop indexed scores between 0 and 
1 compared with relevant guidelines (Figure 2.2; DEHP water quality objectives or ANZG default 
guideline values as appropriate). This yielded final indexed scores at site level which could be 
aggregated to higher levels of reporting (Figures 2.3ς2.6). References have been provided on the 
methods used to calculate the indexed values for coral, seagrass, mangroves and fish and crabs 
indicators in their respective 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 lowest level 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 bootstrapping method 
resamples the original data many times to yield multiple means which are used to develop a series of 
distributions for measures, sub-indicators, indicators and indicator groups. By aggregating 
distributions (rather than individual means), the rich distributional properties could be preserved, 
sample bias could be avoided, and means (the report card score) and variances could be calculated 
for reporting (Figure 2.7). 

 

Guideline value

Above guideline 
(Low score)

Below guideline 
(High score)0.85 ς 1.00

0.65 ς 0.84

0.50 ς 0.64

0.25 ς 0.49

0.00 ς 0.24

M
e
asu

re

Sites
 

Figure 2.2:  Water and sediment quality measures are scored relative to zone and measure specific 

guideline values.  
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Figure 2.3a:  The levels of aggregation used to determine the environmental scores and grades in 

the 2020 Gladstone Harbour Report Card. There are 3 environmental indicator groups, 8 indicators, 

19 sub-indicators and 46 measures.  
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I
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N
M
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N
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Water & 
sediment 
quality

Water 
quality
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Physicochemical

Nutrients

Dissolved 
metals

Metals and 

metalloid

pH, Turbidity

 Total nitrogen, Total 

phosphorus, Chlorophyll-a

Aluminum, Copper, Lead, 
Manganese, Nickel, Zinc

Arsenic, Cadmium, Copper, 
Lead, Nickel, Zinc

Habitats

Seagrass

Corals

Biomass

Area

Species 
composition

Coral cover

Juvenile 
density

Above-ground biomass 
estimate in grams dry weight 
per square metre (g DW m-2)

Spatial extent of monitoring 
meadows

Relative abundance of species

Percentage cover

Juveniles per square metre

Change in hard 
coral cover

Percentage cover change

Macroalgal 
cover

Percentage cover

Mangroves

Mangrove 
extent

Shoreline 
condition

Wetland Cover Index

Percentage dead shoreline 
mangroves

Canopy 
condition

Canopy cover change
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Figure 2.3b:  The levels of aggregation used to determine the environmental scores and grades in the 

2020 Gladstone Harbour Report Card. There are 3 environmental indicator groups, 8 indicators, 19 

sub-indicators and 46 measures. 

E
N
V
I
R
O
N
M
E
N
T
A
L

Fish and 
crabs

Component Indicator groups Indicators Sub-Indicators Measures

Fish Health

Fish 
recruitment 

Bream recruitment index 
by zone

Mud crabs  

Sex ratio

Abundance

Ratio of > 150mm (spine width) 
male to female crabs

Catch per unit effort

Rust lesions Percentage of crabs with lesions

Fish Health 
Assessment Index 

(HAI)

Visual Fish 
Condition (VFC)

Fish Visual Assessment (FVA)
Pikey bream, Yellow-finned 

bream, Barred javelin, Dusky 
flathead, Mangrove jack

Bream, Barred Javelin, 
Barramundi, Blue Catfish, 

Mullet 

Fish Body Condition (FBC)
Pikey bream, Yellow-finned 

bream, Barred javelin, Dusky 
flathead, Mangrove jack
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Figure 2.4:  The levels of aggregation used to determine the social scores and grades in the 2020 

Gladstone Harbour Report Card. There are 3 social indicator groups, 8 indicators and 23 measures. 

 

S
O
C
I
A
L

Harbour 
usability

Satisfaction with harbour 

recreational activities

Harbour 
access

Liveability 
and 

wellbeing

Perceptions of air and water 

quality 

-How satisfied with last trip
-Quality of ramps and facilities

-Water quality satisfaction
-Air quality satisfaction
-Water quality does not affect use of 
the harbour

-Marine safety incidents
-Oil spills
-Safe at night 
-Happy to eat seafood 

Perceptions of harbour safety for 

human use

Satisfaction with access to the 

harbour

Satisfaction with boat ramps and 

public spaces

Perceptions of harbour health

Perceptions of barriers to access

Contribution of harbour to 

liveability and wellbeing

-Fair access to harbour

-Frequency of use 
-Number of boat ramps
-Access to public spaces 

-Great condition 
-Optimistic about future health
-Improved over the last 12 months 

-Marine debris a problem
-Marine debris affects access
-Shipping reduced use
-Recreational boats reduced use

-Makes living in Gladstone a better 
experience
-Participate in community events
-Aesthetic value

Component                     Indicator groups                                 Indicators                                              Measures



27 
 

 
 
Figure 2.5:  The levels of aggregation used to determine the cultural grades and scores in the 

2020 Gladstone Harbour Report Card. There are 2 cultural indicator groups, 8 indicators and 26 

measures.  
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Figure 2.6:  The levels of aggregation used to determine the economic scores and grades in the 2020 

Gladstone Harbour Report Card. CATI = Computer-Assisted Telephone Interviewing. There are 3 

economic indicator groups, 9 indicators and 11 measures.  
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Figure 2.7:  Aggregation of report card scoresτa worked example using the water quality measure 

for copper in zones 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 indicators, the adequacy of sampling designs 

and the availability, completeness and quality of the monitoring data. The Environmental component 

received a high confidence rating in 2020. The Social and Economic components received high 

confidence ratings in 2020 while 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 as the Environmental 

component has 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 ratings, while water 

and quality and fish health received moderate ratings (Table 2.2). These were identical to the ratings 

received in 2019. While sample size was reduced for both fish health projects, the confidence rating 

remained at moderate. The reduction in numbers and species was a result of a lower budget for field 

work and the cancellation of the Boyne-Tannum Hook-Up, a major source of data for visual fish health, 

owing to COVID-19 restrictions.  

 

Table 2.2:  Confidence ratings for individual environmental indicators in 2020.  

Indicator Confidence Reason 

Water quality Moderate hƴƭȅ ΨŦŀǊ-ŦƛŜƭŘΩ ǎƛǘŜǎ were reported on and these were sampled 
only four times a year. 

Sediment quality High Appropriate methodology and sampling frequency, minimal 
laboratory issues since the pilot report card in 2014. 

Seagrass High Consistent methods used over six years of monitoring. Minor 
changes to scoring methods in 2018.  

Corals High Consistent methods used over six years of monitoring. Minor 
changes to scoring methods in 2018. 

Mangroves High Two years of monitoring, high quality data and consistent with 
other mangrove monitoring programs in Queensland.  The 2019 
results were used in the 2020 report card.  

Fish health Moderate Three years of monitoring (2018 ς 2020) and the program is 
based on previous fish health studies. The two fish health 
projects had similar results. However, the benchmarks used are 
preliminary and may require refinement. Owing to reduced 
sampling in the 2020 reporting year the sample size for both 
indicators of fish health was lower than the previous year. 

Fish recruitment High Five years of monitoring with consistent methods and data 
analysis.  

Mud crabs High Four years of monitoring with an appropriate methodology. The 
benchmarks are based on local populations. Minor changes to 
scoring methods in 2020. 
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The confidence ratings for the Social, Cultural and Economic components remain unchanged from 

2019 as the 2019 results are used for the 2020 report card. 

The Social component received a high confidence 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. The 18 to 24-year-old age group were still under-

represented while older age participants were over-represented in the survey. The Maritime Safety 

Queensland data was for the Gladstone Maritime Region which included areas well beyond the 

harbour. Despite these minor issues 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. 

¢ƘŜ /ǳƭǘǳǊŀƭ ŎƻƳǇƻƴŜƴǘ ŎƻƴǎƛǎǘƛƴƎ ƻŦ LƴŘƛƎŜƴƻǳǎ /ǳƭǘǳǊŀƭ IŜǊƛǘŀƎŜ ŀƴŘ ΨǎŜƴse of placeΩ, which was 

derived from data collected from the CATI survey received a moderate confidence rating. There were 

improvements in the Indigenous Cultural Heritage indicator including weighting the scores based on 

inputs from Traditional Owners and Elders in 2018. However, no survey work was conducted in 2019 

or 2020 and the 2018 scores and grades have been used. The methodology to assess Indigenous 

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

required. ¢ƘŜ ƳŜǘƘƻŘƻƭƻƎȅ ǘƻ ŀǎǎŜǎǎ ΨǎŜƴǎŜ ƻŦ ǇƭŀŎŜΩ ƛǎ ǿŜƭƭ ŜǎǘŀōƭƛǎƘŜŘ ōǳǘ ōŀǎŜŘ ƻƴ ŀ ǎƛƴƎƭŜ ǎǳǊǾŜȅ 

ƻƴƭȅ ŀƴŘ ǘƘŜǊŜ ƛǎ ƴƻ ŎƻǊǊƻōƻǊŀǘƛƴƎ ŘŀǘŀΦ ¢ƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǿŀȅǎ ǘƻ ŎƻǊǊƻōƻǊŀǘŜ ǘƘŜ ΨǎŜƴǎŜ ƻŦ ǇƭŀŎŜΩ 

data and continued development of the Indigenous Cultural 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 Card. Other 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. The grade 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 2020 report card consists of three indicator groups: water and 

sediment quality, habitats and fish and crabs. Monitoring for all environmental indicators except 

mangroves occurred between 1 July 2019 and 30 June 2020. As no new mangrove monitoring was 

conducted in the 2020 report card year the 2019 mangrove results are used for the 2020 report card. 

This data was collected between 1 July 2018 and 30 June 2019.  

 

3.1. Water and sediment quality 
 

Water and sediment quality are important and interconnected aspects of the harbour ecosystem. A 

healthy water and sediment system sustains the health of a large number of aquatic species, including 

fish, turtles, dugongs, seagrass, mangroves and benthic invertebrates. Catchment-related, 

anthropogenic, climatic and other environmental factors play a major role in determining the water 

and sediment quality recorded in the harbour. The ISP recommended the measures for water and 

sediment quality that are used in the report card, all of which have local or national guidelines. 

For the Gladstone Harbour Report Card, water quality objectives (WQOs) and guideline values were 

provided by: 

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

¶ ANZG (2018) for metals in water and sediments (except aluminium); and 

¶ 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 guideline values were consistent for 

all metals. 

The aluminium guidelines developed by Golding et al. (2014) ranged from 2.1 µg/L in high ecological 

value (HEV) zones in Gladstone Harbour (The Narrows, Colosseum Inlet, Rodds Bay) to 24 µg/L in 

moderately disturbed (MD) 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 than in MD 

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

For the same reason, GHHP applied a draft manganese guideline value for marine waters of 140 µg/L 

for the water quality assessment in all zones from 2014ς2019, which was the appropriate guideline 

for MD systems with corals present (COAG Standing Council on Environment and Water, 2013). The 

draft guideline value of 140 µg/L was recommended by the ISP as it was derived using the 

concentration-response method and was based on the most relevant information available at the 

time. However, the draft manganese guideline value has yet to be finalised and additional chronic 

studies with corals are to occur in 2021. Given there is no longer a strong rationale to maintain the 

original draft guideline value (140 µg/L), the ISP recommended to change the GHHP manganese 

guideline value to the ANZG (2018) value of 80 µg/Lτwhich is based on ANZECC/ARMCANZ (2000)τ

until the new guideline value is peer reviewed and adopted. For this reason, the ISP applied the 

guideline of 80 µg/L across all zones for manganese 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% species protection 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:  

¶ Australian and New Zealand Standards for water quality and sediment sampling (AS/NZS 
5667.1:1998, 5667.4:1998, 5667.6:1998, 5667.12:1998) 

¶ American Public Health Association (APHA) Standard Methods for the Examination of Water 
and Wastewater (APHA, 2005) 

¶ Australian and New Zealand Water Quality Guidelines (ANZECC, 1992, 1998; 
ANZECC/ARMCANZ, 2000; ANZG, 2018) 

¶ Queensland Water Quality Guidelines (DEHP, 2009) 

¶ Department of Environment and Science Monitoring and Sampling Manual (DES, 2018) 

¶ Revision of the ANZECC/ARMCANZ Sediment Quality Guidelines (Simpson et al., 2013) 

 

3.1.1. Water and sediment quality data collection 

Water quality 

Under a data-sharing agreement, Port Curtis Integrated Monitoring Program (PCIMP) provided GHHP 

with water quality data for calculating scores for the 2020 report card. Those data were based on 

samples collected from 51 sites across the 13 harbour zones in August and November 2019 and March 

and June 2020 (Figures 8.1ς8.27). Methods in this section were provided by PCIMP (PCIMP, 2019). 

Eleven water quality parameters were assessed: two physicochemical measures, three nutrient 

measures and six dissolved metals (Table 3.1). Physicochemical parameters were measured using a 

multi-parameter water quality sonde (YSI ProDSS), which was calibrated and checked prior to 

sampling. Measurements were taken at 0.5 m depth intervals through the water column until the 

seabed was reached. Triplicate sub-surface readings (0.5 m) were recorded at each site. 

Water samples for nutrient and dissolved metal analyses were collected from a depth of about 0.5 m 

using a Perspex pole sampler and a pre-acid washed Nalgene bottle (triple rinsed in Milli-Q and site 

water). Powder free gloves were worn to avoid contamination. Sample water was added directly to 

laboratory-provided sample bottles for total nitrogen, total phosphorous and chlorophyll-a. A sub-

sample of water was filtered through a 0.45 µm 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 within their recommended holding times. Field blanks, travel blanks 

and duplicate samples (at 20% of sites) were also collected and analysed in accordance with the 

standard protocols described above for laboratory and field quality assurance and quality control 

(QA/QC) purposes. 

All analysing laboratories have been accredited by the National Association of Testing Authorities, 

Australia. This is to ensure compliance with relevant international and Australian standards and 

competency in providing consistently reliable testing, calibration, measurement, and inspection data. 

Dissolved metal samples were sent to the National Measurement Institute (NMI) and nutrient samples 

were sent to the Queensland Health Laboratories apart from chlorophyll-a samples, which were sent 

to Australian Laboratory Services. Field blanks, travel blanks and duplicate samples were dispatched 

to the same respective laboratories based on sample type. 
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Table 3.1:  Water quality sub-indicators and measures in the 2020 Gladstone Harbour Report Card. 

Indicator Sub-indicator Measure Guideline source 

Water quality Physicochemical pH DEHP, 2014a 

Turbidity DEHP, 2014a 

Nutrients Total nitrogen (TN) DEHP, 2014a 

Total phosphorus (TP) DEHP, 2014a 

Chlorophyll-a DEHP, 2014a 

Dissolved metals  Aluminium (Al) Golding et al., 2014 

Copper (Cu) ANZG, 2018 

Lead (Pb) ANZG, 2018 

Manganese (Mn) ANZG, 2018 

Nickel (Ni) ANZG, 2018 

Zinc (Zn) ANZG, 2018 

See Appendix 2 for a full list of WQOs and water quality guidelines. 

 

Sediment quality  

Five sediment metals and one metalloid (arsenic) were assessed (Table 3.2). Methods in this section 

were provided by PCIMP (PCIMP, 2019). 

Sediment samples were collected from the same 51 harbour monitoring sites used for water quality 

sampling in May 2020. Grab samples were collected for sediment quality measures using a stainless 

steel Ponar grab sampler (0.008 m3
 volume). These samples were deposited into a collection tub that 

had been triple rinsed with seawater and then photographed. All sediment quality measurements 

used the top 100 mm of the sample, which were deposited into laboratory-provided sample 

containers using pre acid-washed polypropylene trowels. 

All sample containers were bagged and stored at 4° C and transported to the analysing laboratory, 

NMI, within their recommended holding times. For field QA/QC, separate grabs were made for 

duplicate samples at 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 available. Polycyclic 

aromatic hydrocarbons (PAHs) have not been included since the first report card owing to the 

extremely low concentrations recorded in 2015.  
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Table 3.2:  Sediment quality measures in the 2020 Gladstone Harbour Report Card. 

Indicator Sub-indicator Measure Guideline source 

Sediment 

quality 
Metals and metalloid 

Arsenic (As) ANZG, 2018 

Cadmium (Cd) ANZG, 2018 

Copper (Cu) ANZG, 2018 

Lead (Pb) ANZG, 2018 

Nickel (Ni) ANZG, 2018 

Zinc (Zn) ANZG, 2018 

See Appendix 3 for a full list of sediment quality guidelines. 

 

What water and sediment quality measures were not included? 

In early October 2020, the ISP held a meeting to discuss QA/QC issues with the raw dataset for 2020 

for the water and sediment quality data collected. 

Following the meeting, the ISP recommended to exclude NOx and orthophosphate 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 
ƻōǎŜǊǾŀǘƛƻƴǎ ƘŀŘ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ōŜƭƻǿ ǘƘŀǘ ƻŦ ǘƘŜ ƛƴǎǘǊǳƳŜƴǘΩǎ ǎŜƴǎƛǘƛǾƛǘȅ. 

2. Scores below the LOR could only be calculated by making an assumption about what the 
measure might 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 created potentially perverse 
results (e.g. zones with the lowest WQOs tended to have the lowest scores). 

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 (0.2 mg/kg) increased from the 

previous year and was higher than the 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 2019 this 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 17 water and sediment quality measures were assessed and reported in the 2020 Gladstone 

Harbour Report Card. These measures were recommended by the GHHP ISP as indicative of the factors 

relevant to the harbour and its condition. The importance of each measure to overall harbour health 

is described in the sections below. 
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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 the water is acidic (pH 0ς6), neutral (7) 

or alkaline (pH 8ς14). 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 metals tends to increase at low pH. Plant and animal species usually 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 water clarity, but to a lesser extent. High 

turbidity decreases the light 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 prolonged periods, eventually to 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 all organisms 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 biomass of phytoplankton and other aquatic plants, which as 

they decay, may deplete the oxygen 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 nitrogen. Nitrogen 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 systems, phosphorus 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 in water include 

cleaning products, urban run-off, fertiliser run-off, 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 growth of macroalgae, both of which may deplete oxygen in the water 

(eutrophication) and impact coral growth. 
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Chlorophyll-a 

Chlorophyll-a is a plant pigment used in photosynthesis. In marine systems it is found in algae such 

as phytoplankton, seagrasses and seaweeds. High levels of chlorophyll-a may 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 metalloid (arsenic) have been selected as indicators of harbour health. 

General information on the descriptions of metals, factors affecting toxicity and toxicology were 

retrieved from ANZG (2018). 

Aluminium 

¢ƘŜ ŜƭŜƳŜƴǘ ŀƭǳƳƛƴƛǳƳ ƛǎ ŀ ǎƛƭǾŜǊȅ ǿƘƛǘŜ ƳŜǘŀƭ ŀƴŘ ǘƘŜ Ƴƻǎǘ ŀōǳƴŘŀƴǘ ƳŜǘŀƭ ƛƴ ǘƘŜ 9ŀǊǘƘΩǎ ŎǊǳǎǘ 

(Zumdahl and DeCost, 2010); therefore, it 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 discharges, urban run-off). High 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 geothermal activity) or anthropogenically, 

principally through mining-related 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 stored in red mud dams (Lockwood et al., 2014). In sediment, arsenic is available as As (III), 

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 arsenic to less toxic organic forms (e.g. 

arsenosugars, arsenobetaine). 

Cadmium 

Cadmium is a non-essential element in plants and animals. The sources of cadmium in oceanic waters 

may be natural (e.g. volcanic activities, rock weathering) or anthropogenic (e.g. releases from open 

burning or incineration of municipal waste, mining activities, releases from landfills). In water, 

cadmium is mostly adsorbed onto sediment and suspended particles. Increased concentrations of 

cadmium in aquatic systems can lead to a range of toxic effects in fish, invertebrates, amphibians and 

aquatic plants (UNEP, 2010). 

Copper 

Copper is an essential micro-nutrient for plants and animals. Similar to other metals, the sources of 

copper in oceanic waters may be natural (e.g. released from sediments) or anthropogenic (e.g. as a 
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biocide in antifouling marine paint). Increased concentrations of copper in aquatic systems can lead 

to a range of toxic effects on algae, invertebrates, fish, and other animals. 

Lead 

Lead is a toxic heavy metal that 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 known benefits to 

aquatic plants or animals. 

Manganese 

aŀƴƎŀƴŜǎŜ ƛǎ ǘƘŜ ммǘƘ Ƴƻǎǘ ŀōǳƴŘŀƴǘ ŜƭŜƳŜƴǘ ƛƴ ǘƘŜ 9ŀǊǘƘΩǎ ŎǊǳǎǘ ŀƴŘ ŀƴ ŜǎǎŜƴǘƛŀƭ ƴǳǘǊƛŜƴǘ ŦƻǊ ǘƘŜ 

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 1882ς1900) and Boat Creek (mined 1901ς1902) (Wilson & 

Anastasi, 2010). 

Nickel 

bƛŎƪŜƭ ƛǎ ǘƘŜ нпǘƘ Ƴƻǎǘ ŀōǳƴŘŀƴǘ ƳŜǘŀƭ ƛƴ ǘƘŜ 9ŀǊǘƘΩǎ ŎǊǳǎǘ ŀƴŘ ƛǎ ŜǎǎŜƴǘƛŀƭ ŦƻǊ ŀƭƭ ƻǊƎŀƴƛǎƳǎ όCempel 

& Nikel, 2006). Nickel in waterways can come from sources that are industrial or natural (e.g. through 

rock weathering). 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 for animals and plants. Anthropogenic sources include zinc from 

sacrificial anodes in ships, industrial discharges (e.g. mines, galvanic industries, and battery 

production), sewage effluent, surface run-off and some fungicides and insecticides. At high 

concentrations zinc is toxic 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 sub-indicator groups: physicochemical, 

nutrients and dissolved metals. The physicochemical group comprised pH and turbidity; the nutrients 

group comprised total nitrogen, total phosphorus and chlorophyll-a; and the dissolved metals group 

comprised aluminium, copper, lead, manganese, nickel and zinc. 

The overall score for water quality in the 2020 report card was 0.89 (A). This was the first time the 

water quality indicator received a very good score within the GHHP program. Twelve zones received 

very good scores (0.85ς0.96, A) and Auckland Inlet received a B grade overall (Table 3.3). This was also 

the first time since 2017 that Boat Creek did not receive the lowest score of the 13 monitoring zones. 

 

Table 3.3: Overall water quality sub-indicator, zone and harbour scores for the 2020 Gladstone 
Harbour Report Card. Overall zone and harbour scores from 2019 and 2018 are shown for comparison. 

Water quality 
Physico-
chemical 

Nutrients 
Dissolved 

metals 
2020 2019 2018 

1. The Narrows 0.93 0.63 1.00 0.85 0.74 0.71 

2. Graham Creek 0.98 0.76 1.00 0.91 0.79 0.78 

3. Western Basin 0.97 0.75 0.96 0.89 0.77 0.72 

4. Boat Creek 0.89 0.69 0.98 0.85 0.68 0.63 

5. Inner Harbour 0.94 0.68 0.95 0.85 0.82 0.80 

6. Calliope Estuary 1.00 0.84 0.99 0.94 0.80 0.76 

7. Auckland Inlet 0.83 0.66 0.97 0.82 0.77 0.74 

8. Mid Harbour 0.87 0.75 1.00 0.87 0.86 0.81 

9. South Trees Inlet 0.96 0.67 1.00 0.87 0.83 0.76 

10. Boyne Estuary 0.98 0.72 1.00 0.90 0.88 0.79 

11. Outer Harbour 1.00 0.89 1.00 0.96 0.93 0.92 

12. Colosseum Inlet 0.99 0.69 1.00 0.89 0.88 0.83 

13. Rodds Bay 0.93 0.73 1.00 0.89 0.83 0.74 

Harbour score 0.94 0.73 0.99 0.89 0.81 0.76 

 

The physicochemical scores for pH were uniformly very good (1.00) in all zones (Table 3.4). The scores 

for turbidity ranged from good to very good, with the majority of zones being ranked very good. Only 

three zones (Boat Creek, Auckland Inlet and the Mid Harbour) had good scores, with Auckland Inlet 

receiving the lowest score (0.65, B). The harbour score for the physicochemical sub-indicator (0.89, A) 

was the highest observed since 2015. 

Like previous report cards, nutrients received the lowest score of 0.73 (B) amongst the water quality 

sub-indicators. However, nutrient scores improved compared to the previous year at most zones and 

overall received the highest score of the last six years. Eleven of the 13 monitoring zones had good 

scores ranging from 0.66 to 0.84 (Table 3.3). 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 lowest scores, and chlorophyll-a scores were 

more variable, ranging from 0.45 (D) to 1.00 (A) (Table 3.4).
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Table 3.4:  Scores for water quality measures for each of the 13 zones in the 2020 Gladstone Harbour Report Card.  

Zone 
Physicochemical Nutrients Dissolved metals 

pH Turbidity TN TP Chl-a Al Cu Pb Mn Ni Zn 

1. The Narrows 1.00 0.86 0.58 0.85 0.46 1.00 1.00 1.00 1.00 1.00 1.00 

2. Graham Creek 1.00 0.96 0.59 1.00 0.68 1.00 1.00 1.00 1.00 1.00 1.00 

3. Western Basin 1.00 0.94 0.60 0.99 0.66 0.83 0.91 1.00 1.00 1.00 1.00 

4. Boat Creek 1.00 0.78 0.50 0.69 0.89 1.00 1.00 1.00 0.90 1.00 1.00 

5. Inner Harbour 1.00 0.87 0.59 1.00 0.45 0.68 1.00 1.00 1.00 1.00 1.00 

6. Calliope Estuary 1.00 1.00 0.62 1.00 0.89 1.00 0.91 1.00 1.00 1.00 1.00 

7. Auckland Inlet 1.00 0.65 0.52 0.76 0.69 1.00 0.97 1.00 0.86 1.00 1.00 

8. Mid Harbour 1.00 0.75 0.56 0.99 0.70 1.00 1.00 1.00 1.00 1.00 1.00 

9. South Trees Inlet 1.00 0.91 0.60 0.84 0.56 1.00 0.98 1.00 1.00 1.00 1.00 

10. Boyne Estuary 1.00 0.96 0.46 1.00 0.70 1.00 1.00 1.00 1.00 1.00 1.00 

11. Outer Harbour 1.00 1.00 0.67 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

12. Colosseum Inlet 1.00 0.97 0.55 1.00 0.53 1.00 1.00 1.00 1.00 1.00 1.00 

13. Rodds Bay 1.00 0.85 0.59 0.92 0.69 1.00 1.00 1.00 1.00 1.00 1.00 

Harbour score 1.00 0.89 0.57 0.93 0.68 0.96 0.98 1.00 0.98 1.00 1.00 
TN ς total nitrogen; TP ς total phosphorous; Chl-a ς chlorophyll-a; Al ς aluminium; Cu ς copper; Pb ς lead; Mn ς manganese; Ni ς nickel; Zn - zinc
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All zones had consistently very good scores (0.96ς1.00) for the dissolved metals sub-indicator (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 zones showing consistently very good scores 

(1.00, A). 

 

Sediment quality 

The overall sediment quality scores were derived from one sub-indicator: metals and metalloid. Five 

metals (cadmium, copper, lead, nickel, zinc) and the metalloid arsenic were assessed. The harbour 

score for sediment quality was 0.95 (A)τidentical to 2017, 2018 and 2019 scores. 

Zone scores for sediment quality were all very good, ranging from 0.91 (A) in The Narrows to 1.00 (A) 

in Boyne Estuary (Table 3.5). This was a result of low concentrations of all measures (arsenic, cadmium, 

copper, lead, nickel and zinc) (Table 3.6). While zone scores were uniformly very good for most 

measures, there were a number of good or satisfactory scores for sediment arsenic and nickel. 

 

Table 3.5:  Overall sediment quality sub-indicator, zone and harbour scores for the 2020 Gladstone 

Harbour Report Card. Overall zone and harbour scores from 2019 and 2018 are shown for comparison. 

Zone 
Metals and 
metalloid 

Zone score 
2020 

Zone score 
2019 

Zone score 
2018 

1. The Narrows 0.91 0.91 0.92 0.90 

2. Graham Creek 0.90 0.90 0.91 0.94 

3. Western Basin 0.98 0.98 0.98 0.98 

4. Boat Creek 0.89 0.89 0.92 0.91 

5. Inner Harbour 0.93 0.93 0.92 0.95 

6. Calliope Estuary 0.95 0.95 0.96 0.95 

7. Auckland Inlet 0.95 0.95 0.94 0.91 

8. Mid Harbour 0.97 0.97 0.94 0.95 

9. South Trees Inlet 0.96 0.96 0.96 0.94 

10. Boyne Estuary 1.00 1.00 0.99 0.97 

11. Outer Harbour 0.99 0.99 0.97 0.96 

12. Colosseum Inlet 0.97 0.97 0.96 0.99 

13. Rodds Bay 0.96 0.96 0.98 0.97 

Harbour score 0.95 0.95 0.95 0.95 
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Table 3.6:  Scores for sediment quality measures for each of the 13 zones in the 2020 Gladstone 
Harbour Report Card. 

Zone 
Metals and metalloid 

Arsenic Cadmium Copper Lead Nickel Zinc 

1. The Narrows 0.79 1.00 1.00 1.00 0.66 1.00 

2. Graham Creek 0.60 1.00 1.00 1.00 0.81 1.00 

3. Western Basin 0.92 1.00 1.00 1.00 0.94 1.00 

4. Boat Creek 0.76 1.00 1.00 1.00 0.61 1.00 

5. Inner Harbour 0.63 1.00 1.00 1.00 0.97 1.00 

6. Calliope Estuary 0.91 1.00 1.00 1.00 0.82 1.00 

7. Auckland Inlet 0.96 1.00 0.96 1.00 0.80 1.00 

8. Mid Harbour 0.83 1.00 1.00 1.00 1.00 1.00 

9. South Trees Inlet 0.85 1.00 1.00 1.00 0.93 1.00 

10. Boyne Estuary 1.00 1.00 1.00 1.00 1.00 1.00 

11. Outer Harbour 0.93 1.00 1.00 1.00 1.00 1.00 

12. Colosseum Inlet 0.85 1.00 1.00 1.00 1.00 1.00 

13. Rodds Bay 0.83 1.00 1.00 1.00 0.95 1.00 

Harbour score 0.84 1.00 1.00 1.00 0.88 1.00 

 

 

3.1.4. Water and sediment quality conclusions 

Scores for the water quality indicator have remained high since the first report card in 2015, receiving 

a good grade (B) from 2015 to 2019 and a very good grade (A) for the first time in 2020 (Figure 3.1). 

In 2020, water quality was relatively uniform across the harbour, with all zones but one receiving a 

very good score overall. Compared to the previous year, scores for the physicochemical group 

improved at all thirteen zones due to higher scores for turbidity; nutrient scores improved at eleven 

of the 13 monitoring zones; and dissolved metals scores were consistently very good. Improvements 

in physicochemical and nutrient scores resulted in the highest water quality harbour score (0.89, A) 

since GHHP reporting began. 

Despite improvements in nutrient scores, the nutrient sub-indicator maintained the lowest score of 

the three sub-indicators for the sixth successive year. Although nutrient sources are difficult to define, 

catchment run-off is a major source of nutrients in estuarine waters such as Gladstone Harbour (Hale 

& Box, 2014). The level of nutrients entering the harbour can also be influenced by land use 

(agricultural, industrial, urban, etc.), discharge from portside industries and climatic condition, with 

the nutrient load expected to increase with wet season run-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 levels within Gladstone Harbour.  

In both 2019 and 2020 Gladstone Harbour Report Cards, nutrient and turbidity scores improved 

compared to the previous year (2019 Technical Report). Improved nutrient and turbidity scores may 

have resulted from the lower-than-average rainfall 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). 

https://dims.ghhp.org.au/repo/public/f5a602
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From 2017ς2019, Boat Creek received the lowest nutrient, physicochemical (turbidity) and overall 

zone score. Although this was not the case in the current year, Boat Creek did generally score lower 

when compared with other zones. In 2020 Auckland Inlet received the lowest physicochemical 

(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 results indicate that the more ocean-influenced zones (such as Outer 

Harbour) have lower nutrient loads and improved water clarityτrelevant to zone-specific WQOsτ

when compared to other monitoring zones. The small and shallow nature of several of the estuarine 

zones, which are more prone to the 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 the 2017 and 2018 reports (Schultz et al., 2019; Hansler et al., 2020). These technical reports 

provide greater detail on potential factors affecting water quality, QA/QC and other comparison 

techniques used to elucidate trends in the water and sediment quality of Gladstone Harbour. 

 

 
Figure 3.1:  Trends in the harbour score for water quality, 2015 ς 2020 (Error bars show 95% bootstrap 

confidence intervals). 

 

Sediment quality scores were uniformly very good across all Gladstone Harbour reporting zones as it 

has been in all previous report cards (Figure 3.2). This is a result of low concentrations of all measures 

(arsenic, cadmium, copper, lead, nickel and zinc). 

As in previous years, zone scores for arsenic and nickel were occasionally good or satisfactory. The 

lowest score for an individual measure was for arsenic, which received the only good score. Angel et 

https://dims.ghhp.org.au/repo/public/4f80c4
http://ghhp.org.au/assets/documents/2018-water-and-sediment-quality-report_final-1593578612.pdf
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al. (2012) showed that particulate arsenic concentrations exceeded the ANZECC/ARMCANZ ISQG1-low 

trigger value in two samples from The Narrows and one sample near Quoin Island. They noted that 

the source of this arsenic was natural (geological formation on the area) and not associated with 

anthropogenic inputs. Similarly, it has been suggested that The Narrows is a source 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 Gladstone Harbour report cards, further implying a natural source of nickel. 

 

Figure 3.2:  Trends in the harbour score for sediment quality, 2015 ς 2020 (Error bars show 95% 

bootstrap confidence intervals). 

  

 
 

1 ISQG refers to the Interim Sediment Quality Guideline. For sediment arsenic and cadmium 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 

important habitat types within Gladstone 

Harbour. Within the GHHP reporting area, there 

are 14 monitored seagrass meadows. These are 

located within six harbour zones: The Narrows, 

Western Basin, Inner Harbour, Mid Harbour, 

South Trees Inlet and Rodds Bay. The area and 

distribution of the seagrass meadows can vary 

annually, but at peak distribution seagrass 

meadows in Gladstone Harbour can cover 

approximately 12,000 ha (Davies et al., 2016). 

This area can include intertidal, shallow subtidal 

and deep-water habitats. Seagrasses can inhabit 

various substrata from mud to rock. The most 

extensive seagrass meadows occur on soft 

substrata such as sand and mud. Seagrass 

meadows provide a range of important 

ecosystem functions, such as sediment 

stabilisation, nutrient cycling and carbon 

sequestration (Figure 3.3). They also provide 

nursery areas for juvenile fishes and foraging 

areas for dugongs, turtles and large fish such as 

adult barramundi.  

Seagrasses are highly sensitive to reductions in 

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 run-off 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 may be 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 seafloor allowing for resuspension 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. 

Information within the following sections are drawn from a seagrass monitoring project that 

commenced in 2002 (Carter et al., 2020; Smith et al., 2020), which was funded by the Gladstone Ports 

Corporation Ltd. Nearly two decades of monitoring and research has provided insight into potential 

causes and trends with regard to changes in the seagrass meadows of Gladstone Harbour. 

What is seagrass?

Seagrasses are the only flowering plants that 
can live entirely submerged in seawater. These 
unique, aquatic plants grow in sediment on the 
seafloor with erect, elongate leaves and a 
buried root-like structure. Seagrasses are widely 
distributed along the coastlines of the world 
and provide a range of important functions 
within the marine ecosystem. There are four 
families of seagrass worldwide, three of which 
are commonly found in Gladstone Harbour. The 
seagrass indicators in the report card are based 
on the following five species of seagrass:

Zostera muelleri ssp. capricorni
Halophila ovalis
Halophila decipiens
Halophila spinulosa
Halodule uninervis (wide and narrow leaf)

Zostera muelleri 
ssp. capricorni

Halophila ovalis Halophila decipiens

Halophila spinulosa Halodule uninervis

(narrow)

(wide)
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3.2.2. Seagrass data collection 

The Seagrass Ecology Group from the 

Centre for Tropical Water & Aquatic 

Ecosystem Research (TropWATER) at 

James Cook University collected 

seagrass data to determine the 

seagrass scores. This group has been 

monitoring seagrass at Gladstone 

Harbour and Rodds Bay since 2002 

when GPC commissioned a fine-scale 

survey of seagrass within the 

Gladstone Port Limits (Rasheed et al., 

2003). This baseline survey identified 

large areas of seagrass within the 

Gladstone Port Limits.  

The annual seagrass monitoring 

program started in 2004 and currently 

assesses 14 representative intertidal 

and shallow subtidal seagrass 

meadows in Gladstone Harbour and 

Rodds Bay (Figures 8.2, 8.6, 8.10, 8.16, 

8.18 and 8.26). Meadows were 

selected to represent the range of 

seagrass communities within the port 

considered the most likely to be 

impacted by port facilities and future 

developments. Additional out-of-port 

reference meadows were selected at 

Rodds Bay. Seagrass monitoring is 

conducted annually in October or 

November around the peak of seagrass 

abundance. 

Three sub-indicators of seagrass health 

were measured to calculate the 

seagrass scores for the Gladstone 

Harbour report card: 

¶ Biomass ς changes in average above-ground biomass within a monitoring meadow  

¶ Area ς changes in the total area of a monitoring meadow  

¶ Species composition ς changes in the relative proportions of species within a monitoring 
meadow 

  

Why species composition is important 

 
Figure 3.3:  Seagrasses at low tide. 

Fisheries habitat:  Fish display a distinct preference for 

particular species of seagrass. A shift in species composition can 

lead to a change in the abundance and diversity of fishes. 

Benthic invertebrate diversity: The abundance and diversity of 

benthic invertebrates differs between seagrass species. 

Changes in the benthic invertebrate community can result in 

the loss of important habitat functions and a decline in the 

secondary productivity of the meadow. 

Coastal protection: Stiffness, biomass, density, leaf length and 

morphology all influence the coastal protection value of 

seagrass. Long-lived, slow-growing species provide the greatest 

protection. 

Carbon sequestration: Species composition is a known variable 

for carbon sequestration. Larger bodied species are generally 

associated with higher sedimentary organic carbon stocks.  

Resistance to disturbance: Larger bodied, persistent species 

generally have a higher physiological resistance to disturbance, 

while small-bodied colonising species can recover more rapidly 

following disturbances. 




































































































































































































































































