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Executive Summary

Background

Extensive mangrove forests and saltmarsh communities occur at and near the Port of Brisbane at
Fisherman and Whyte Islands, and on the northern side of the Brisbane River mouth. Port of Brisbane
Pty Ltd (PBPL) has implemented a mangrove monitoring program (MMP) to measure trends in the

condition and extent of mangroves potentially affected by Port activities. This report outlines the
findings of the 2022 MMP assessment.

The major element of the MMP was to quantify of patterns in mangrove canopy condition using medium
resolution (Landsat) and high resolution (Sentinel -2) satellite data. Three mangrove condition indices
(NDVI, SAVI and LAI) were mapped for the periods of 1988-2022 (Landsat) and 2015-2022 (Sentinel-2)
using analysis-ready data. Potential relationships between vegetation indices and environmental data
(rainfall, Southern Oscillation Index, and temperature) were examined. Aerial imagery was used to

investigate and validate areas where changes in mangrove condition were observed over the twelve-
month period.

Findings

Long-term Patterns

Long-term patterns in mangrove condition (NDVI) were positively correlated with rainfall, with declines
in mangrove condition during drought years and improved mangrove condition during wet periods. The
2021-22 monitoring period had above average annual rainfall and major flooding in the Brisbane River,

and the 12 month rolling average NDVI value was greater than the long-term average across sites
(Figure 1).
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Figure 1. 12-month rolling average NDVI score and monthly rainfall 1988 and 2022
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Contemporary Changes (2021-2022)

While mangrove condition in 2022 was higher than the long-term average, there was not a broad-scale
improvement in mangrove condition between 2021-2022. Figure 2 is a map of NDVI changes between
July 2021 and July 2022. The direction (i.e. improvement, stable, decline) and magnitude of change
varied among and within locations. At broad scales, mangroves along Bramble Bay (Luggage Point
and Nudgee) and Coal Loader/Pelican Banks had improved condition (NDVI change generally >+0.15),
whereas mangroves at Bulwer and south of the Brisbane River entrance (Fisherman Islands, Whyte
Island, St Helena Island, Mud Island, Green Island) were stable (<0.15 change) or declined in condition
(Figure 2). Patterns at finer spatial scales were as follows:

e Fisherman Island:

- mangrove condition slightly increased slightly along Boat Passage. Unlike in previous years,
there was no evidence of tree fall and bank erosion in the 2021/22 monitoring year.

- the landward portion of Coal Loader/Pelican Banks had a slight increase in mangrove condition,
whereas the seaward fringe experienced a decrease in mangrove condition due to ongoing
erosion and tree fall.

- mangrove condition decreased slightly on the south-east tip of the island and areas north of the
tip. Some inland areas of mangrove also had canopy loss, but mangrove recruitment also
occurred in some parts of the claypan, which resulted in a net expansion in mangrove forest and
between 2021 and 2022 of approximately two hectares. There was also a net expansion in
saltmarsh/claypan of 1.9 hectares.

e Bulwer had an overall trend of decrease in mangrove condition, especially in the south-west margin
of the mangrove forest. Mangrove extent remained stable.

e Trends in mangrove condition at Whyte Island varied spatially:

- There were areas of improved mangrove condition at the mangrove-claypan interface on the
northern claypan. This was the result of mangrove canopy improvement and recruitment onto
the saltpan.

- There were areas of reduced mangrove condition in the inland sections of southern Whyte
Island. At this location a band (up to 40 m wide by 700 m long) of mangroves between Port
Drive to the northern end of the Wynnum mangrove walk experienced canopy loss. There were
also areas of mangrove decline in the central claypan, separate to the areas of reduced health.

- Overall, there was a net loss of mangrove forest and a commensurate net gain of
saltmarsh/claypan at Whyte Island of five hectares.

The results of the present study suggest that mangrove forests of the study area do not display a
uniform response to high rainfall. The mangrove canopy declines in parts of the inland portions of
Fisherman Islands and Whyte Island may be a result of one or more drivers, such as water stress (e.g.
ponding, raised water-tables etc.) or water quality changes (e.g. pollutant discharges). Further
investigation would be required to investigate potential causes of mangrove degradation.
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1 Introduction

1.1 Background

Extensive areas of mangrove forests and saltmarsh communities are located at the mouth of the
Brisbane River. The mangrove forests of Fisherman Islands and Whyte Island (see Figure 1 1) are
among the largest in western Moreton Bay (Accad et al. 2016), and the structure and form of these
communities is unique to this area (Davie 2011).

The Port of Brisbane Pty Ltd (PBPL) operates adjacent to these mangrove forests and saltmarsh
communities therefore the variation of their health through time and space needs to be monitored and
analysed to ensure port activities are not impacting these communities. Monitoring of the mangroves
and saltmarsh surrounding the Port of Brisbane has been conducted since the 1990s (WBM 1992;
CSIRO 1992; BMT WBM 2016, BMT 2017, BMT 2018, BMT 2019, BMT 2020, BMT 2021) but variable
assessment techniques and observer bias made long-term health assessments difficult. The Port of
Brisbane Mangrove Monitoring Program was revised in 2016 to provide a more robust objective means
for mapping and characterising patterns in mangrove condition (BMT WBM 2016).

Previous monitoring programs have found strong associations with weather and climate variations and
changes in mangrove health. Cumulative rainfall has been found to relate to normalized difference
vegetation index (NDVI) while longer term health has been associated with the El Nifio—Southern
Oscillation (ENSO) cycle (BMT WBM 2016). The medium-term trends show a decrease in mangrove
health that coincided with strong La Nifia conditions (1987-1989) and during the Millennium Drought
(2006-2008).

1.2 Aims and Objectives

The aim of the present study is to describe spatial and temporal patterns in mangrove vegetation

condition, and potential drivers controlling these patterns. The specific objectives of this study were to:

e Quantify long-term changes in the spatial extent of mangrove and saltmarsh/saltpan between 1950s
and 2022 based on analysis of aerial photography and satellite data

e Map and quantify temporal patterns in mangrove green biomass (NDVI) using satellite data at the
following temporal scales:

- seasonal patterns for 2022 monitoring period

- contemporary changes for the period 2021-22, based on remotely sensed data and validate
using high resolution aerial imagery.

- long-term patterns between 1988 and 2022

» ldentify potential drivers of mangrove degradation in key investigation areas (Fisherman Islands,
Whyte Island and Bulwer Island).

© BMT 2022
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2 Methodology

2.1 Remote Sensing

2.1.1 DEA Data Cube

Analysis was performed on the Open Data Cube, where Sentinel, Landsat and other freely available
remote sensing data are available for the Australian continent, catalogued by Digital Earth Australia
(DEA). The DEA open data cube was accessed and analysed using code modified from Krause et al
(2021). The data cube contains analysis-ready datasets (ARD) for Sentinel 2A, 2B and Landsat 5, 7
and 8 sensors. ARD datasets have been geometrically corrected and stacked consistently so that
sequential observations can be used to track changes over time. Surface reflectance are corrected for
sensor gains, biases and offsets, and include adjustments for terrain illumination, atmosphere and
sensor viewing angle per pixel.

Nadir-corrected, Bidirectional reflectance distribution function, Adjusted Reflectance with Terrain
illumination (NBART) imagery was used from Landsat and Sentinel-2 sensors.

2.1.2 Data Sources

Sentinel-2 imagery (10 m resolution) and Landsat 5, 7, and 8 (30 m resolution) were gathered for
individual study sites and the combined mangrove region. Sentinel-2 masking near port infrastructure
reduced the number of available scenes at the Coal Loader and Bulwer Island otherwise a large
number of scenes were available for analysis (Table 2.1). For Landsat 5,7, 9, a minimum of 98% good
data was used as a filter. For Sentinel-2, data quality filters were relaxed to between 50% and 90% to
increase temporal coverage due to a large number of masked pixels.

Table 2.1 Scene availability for different sensors and time periods

Sentinel 2 (July 2017-July 2022)) | Landsat 5,7, 8 (Aug 1988 — July
2022)

Pelican Banks / Coal Loader 16 525
Nudgee Wetlands 331 383
Luggage Point 382 440
Bulwer Island 85 374
Whyte Island 317 449
St Helena Island 371 592
Green Island 333 577
Mud Island 399 310
Fisherman Islands 281 407
© BMT 2022
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2.1.3 Investigation Areas
Two treatments were adopted:

e Test treatment — which are mangrove areas direct adjacent to Port operations (i.e. Fisherman
Islands, Coal Loader and Whyte Island/Wynnum foreshore) or occur in the vicinity of operational
works undertaken by PBPL (i.e. habitat restoration works at Bulwer Island, cruise ship construction
works at Luggage Point).

e Control treatment — these are mangrove areas outside the direct influence of PBPL activities and
provide contextual information on background variability. These sites encompass minimally
disturbed environments (e.g. St Helena Island) and areas subject to historical (e.g. coral dredging at
Mud Island) and/or ongoing human disturbance.

The extent of these areas are shown in Figure 2.1.

© BMT 2022
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2.1.4 Spatial Data Processing

Vegetation Indices

Atmospherically-corrected bottom-of-atmosphere (BoA) analysis-ready products for Sentinel-2 and
Landsat 5, 7, and 8 products were used to derive the following three vegetation indices, using the
calculate indices function within the DEA data cube:

1. The normalized difference vegetation index (NDVI), which is the difference between near-infrared
(which chlorophyll in vegetation strongly reflects) and red light (which chlorophyll absorbs), and
essentially represents greens (i.e. chlorophyll found in leaves). NDVI for each of the pixels was
calculated using the following formula:

NDVI = (NIR — Red) / (NIR + Red)
Where NIR is the near-infrared BOA reflectance and Red is the BoA reflectance of the red band.

2. Like NDVI, the soil adjusted vegetation index (SAVI) is based on the difference between red and
near infrared wavelengths, and therefore provides a measure of chlorophyll content in leaves. SAVI
also compensates for the confounding effects of soil moisture and soil colour (i.e. changes in ‘soil
brightness’). SAVI was calculated for each pixel using the following formula:

SAVI = ((NIR - Red) / (NIR + Red + L) x (1 + L))

Where NIR is the near-infrared BOA reflectance, Red is the BoA reflectance of the red band and L
is the vegetation correction factor.

3. Leaf area index (LAI) is a biophysical index that as the name suggests measures the area of
leaves in the visible canopy. LAl was calculated for each pixel using the following formula from
Boegh et al. (2002) utilising the Enhanced Vegetation index of Huete et al. (2002):

LAI= (3.618 * 2.5 *(Green * ((NIR - Red) / (NIR + SWIR * Red — 7.5 * Blue + 1))) — 0.118

Only NDVI was applied to the Landsat dataset due to its relative consistency across sensors, and
similarity to other indices.

Vegetation Community Mapping

Vegetation communities were mapped using a combination of recent aerial imagery and known species
locations. Previous field surveys of mangrove condition have shown distinct community areas across
Fisherman Islands. This data was used as training data within ArcGIS v10.8. High resolution Nearmap
imagery was used for classification. This image was classified into the following classes: Mangrove
communities and saltmarsh/saltpan.

2.1.5 Rainfall data

Rainfall data were accessed from the Bureau of Meteorology from January 1988 to July 2022. The
weather station closest to the study area was Brisbane Airport (040842), but this provided an
incomplete record of rainfall. Missing data were filled using nearby Fort Lytton (040320). Twelve
monthly cumulative rainfall data were compared with vegetation condition indices.

© BMT 2022
B23621 | 018 | 00 13 17 October 2022



/"’,;:‘ Port of Brisbane Mangrove Monitoring Program - 2022
O |

‘w7 BMT

;iﬁﬁﬁﬁﬁéﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

Figure 2.2 Monthly total rainfall (dark blue) and 12-monthly rainfall (light blue) for the study area in
millimetres (based on Brisbane Airport station 040842 and Fort Lytton station 040320)

2.1.6 Assumptions and Limitations

Analysis-ready Sentinel-2 and Landsat imagery can have up to 12.5 m geolocational error, meaning
that up to two 10 m pixels from each capture may be misaligned. Therefore, rectification errors can
occur within two pixels and contribute to errors along edge of mangrove forests. It is also noted that

where the canopy is sparse (saltpans and dieback regions), variable soil moisture can dominate the
signal. Therefore, some interpretation is required in such areas.

Various minimum-good data thresholds (based on cloud filtering) between 70 and 98% were applied to
each analysis based on the availability of data. For long-term Landsat analyses, scene counts were
always relatively high and minimum good data thresholds were maintained at 98%. Some of the

Landsat ARD scenes included heavy clouds that had not been effectively filtered. These were removed
by filtering out mean NDVI scene values less than 0.40.

For Sentinel-2, ARD pixel masking tended to be adversely affected by nearby infrastructure, particularly
near the Coal Loader and at Bulwer Island. At these locations, where scene counts were low, the

thresholds of minimum good data were lowered to 70%. Despite this, scene counts for Sentinel-2 data
were relatively low at these two sites.

NDVI represents and extremely robust vegetation index for long-term comparisons in vegetation
community due its relative simplicity and similarities in central wavelengths for the red and NIR bands
among sensors. Inter-sensor comparisons (AVHRR, SPOT, MODIS SeaWiFS, Landsat) typically differ
by less than 0.05 NDVI units over most of the non-polar regions of the world (Brown et al 2000).

Comparisons of NDVI among various Landsat sensors since 1988 are potentially prone to small
changes in sensors, orbit and sensor drift. Orbit changes in Landsat 5 over the 27 year record resulted
in 0.0006 NDVI / year, equivalent to about a 0.016 NDVI change over the entire Landsat 5 TM data
record (Zhang and Roy 2016). These issues for long-term assessments have been resolved by the
introduction of analysis-ready data where atmospheric correction, spatial alignment and radiometric

calibration allow estimation of the remotely sensed surfaces without sensor, atmospheric, or
geolocation artefacts (Dwyer et al 2018).
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3 Findings

3.1 Wetland Community Extent

The wetland community extent remained relatively consistent between 2021 and 2022 (Figure 3.1). The
following changes were observed:

¢ Fisherman Island: There has been a net increase in mangroves which is a result of recruitment in
mangroves on the interface between the saltpan and the existing mangrove community (Figure 3.2).
Despite this there has also been some areas of mangrove dieback at the claypan interface and
some other inland areas. There was also a slight increase in saltmarsh and clay pan in the areas at
Fisherman Islands inland at the main claypan.

¢ Whyte Island: There was a slight loss of mangrove extent at Whyte Island which is due to tree death
on the landward areas of Whyte Island on the fringe between claypan/saltmarsh and mangroves
(Figure 3.2). These areas in 2021 were noted as mangroves with declining health which have since
died. The increase in saltmarsh and claypan at Whyte Island was in these areas of tree loss.

e Bulwer Island: mangrove extent remained consistent between years (Figure 3.2).

B Bulwer Island - mangroves M Bulwer Island - saltmarsh B Fishermans Island - mangroves
B Fishermans Island - saltmarsh B Whytes Island - mangroves B Whytes Island - saltmarsh

2022  pHRS 151.8 25.1 75.8 27.7

2021 pERONe 149.8 23.2 80.9 15.

2018 pERISE 148.4 PERC] 78.0 27.3

2012 pAKS 164.2 32.7 71.7 33.9

2’4

Foo9o  pIX:)o) 159.5 29.2 65.7 39.8

>

1997 AR 174.1 26.8 77.0 27.5

1983  pREWI 269.6 101.2 80.3 33.0
1978 P 253.3 105.5 108.1 20.9

1955

AREA (HA)

Figure 3.1 Area of mangrove and saltmarsh at Fisherman Islands, Bulwer Island and Whyte Island
through time
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3.2 Mangrove Condition

3.2.1 Temporal trends

The overall condition of mangroves at both the test and control sites between 2021 and 2022 were
highly variable with some locations in each treatment increasing and some decreasing overall

(Figure 3.3). All sites had means within the historical ranges and slightly greater than the long-term
average NDVI value. Within the test sites, between 2021 and 2022 the overall condition of Fisherman
Islands and Coal Loader mangrove forests decreased while the Whyte Island, Luggage Point and
Bulwer increased overall.

There was a positive association between mangrove condition and rainfall (Figure 3.4). A weak
positive correlation was found between rainfall ranks and rolling average NDVI (r = 0.23, p < 0.0001) as
well as between the rolling 12-month average rainfall and average NDVI (r = 0.25 p = < 0.0001). This
indicates that while there was a positive relationship between rainfall and mangrove condition, it was
not strongly linear, suggesting that other factors may interact with rainfall to control mangrove condition.

Water availability is the key driver of mangrove condition and community structure (Hutchings and
Saenger 1987), and rainfall is just one factor determining water availability. As discussed by BMT
WBM (2016), water availability is a function of tidal inundation, ground water recharge, surface water
runoff, and the relationship between these processes varies in time and space. Ground water tables
are often recharged in the magnitude of months, depending on soil type, vegetation community
structure, rainfall and ground water (Alongi 2009). Consequently, there may be a lag between rainfall,
groundwater recharge and mangrove response measured in months. Superimposed on this
groundwater process are (i) regular tidal flushing (diurnal near sea level, less frequent higher in the
profile); (and (ii) irregular surface water runoff. Both processes affect soil salinity and nutrient delivery,
and may influence mangrove condition over shorter timescales. Refer to BMT WBM (2016) for a review
of these processes.

The EI Nifio - Southern Oscillation (ENSO) is a key driver of rainfall in the region, therefore relationships
between mangrove condition and the Southern Oscillation index (SOI) were explored. For the period of
1988 to July 2022, 12 month rolling averages of monthly SOl and NDVI were positive correlated

(Figure 3.4,r=0.47, p < 0.0001). BMT WBM (2016) did not find a correlation between these variables,
as only linear associations were examined, and sample sizes were smaller.

SOl is linked to rainfall and temperature with periods of positive SOI bringing higher than average
rainfall, and lower temperatures. Conversely, lower SOI results in warmer drier conditions. The
relationship between the average monthly maximum temperature (maximum daily temperatures
averaged across each month) was weakly inversely correlated to the 12-month rolling average of NDVI
across the study area NDVI (Figure 3.4, r = 0.1, p < 0.05).

Time series of NDVI, SAVI, and LAI for the entire Sentinel-2 capture history (2015-2022) show the
same annual patterns observed in recent Landsat data (Annex A). Each site shows a relatively
consistent pattern with strong correlations among all three indices, a generally flat to slightly inclined
trajectory, and the most recent overall minima occurring late in 2019 coinciding with very low rainfall
and high temperatures.
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Figure 3.3 Mean NDVI scores for control (above) and test sites (below) from 1988 to July 2022
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Figure 3.4 Relationships between the 12-month rolling average of NDVI score and monthly rainfall

(top); 12 month rolling average of SOI (middle); and the rolling average of maximum monthly
temperature (bottom)
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3.2.2 Spatial trends

While mangrove condition in 2022 was higher than the long-term average, there was not a broad-scale
improvement in mangrove condition between 2021-2022. Figure 2 is a map of NDVI changes between
July 2021 and July 2022. The direction (i.e. improvement, stable, decline) and magnitude of change
varied among and within locations. At broad scales, mangroves along Bramble Bay (Luggage Point
and Nudgee) and Coal Loader/Pelican Banks had improved condition (NDVI change generally >+0.15),
whereas mangroves at Bulwer and south of the Brisbane River entrance (Fisherman Islands, Whyte
Island, St Helena Island, Mud Island, Green Island) were stable (<0.15 change) or declined in condition
(Figure 3.1).

Aerial imagery showing specific comparison between 2021 and 2022 is shown in Annex B.
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Fisherman Islands

At Fisherman Islands, the eastern fringe observed an overall decrease whereas areas on the western
fringe typically observed an overall slight increase in health. Within the eastern edge some areas of leaf
loss were noted in bands of Avicenna across Fisherman Islands in landward areas or in central areas of
the island. These decreases in health are observable on aerial imagery as shown in Figure 3.6.

Boat Passage

Overall there was a slight increase in vegetation health at Boat Passage. This area noted some issues
with erosion in previous monitoring years that had resulted in tree fall which was no observed in the
2021/22 monitoring year.

Coal Loader

Overall there was a slight increase in mangrove health at Coal Loader between 2021 and 2022. This
was observed as a slight increase in canopy cover and health. However, the seaward fringe of Coal
Loader continued to experience ongoing erosion, resulting in a decrease in vegetation health.

Bulwer

Bulwer had an overall trend of decrease in vegetation health, which was concentrated in the south-west
corner of the mangrove patch. Investigation of aerial imagery shows that majority of the area is
relatively consistent except for the southern boundary of Bulwer which has observed some canopy loss
on individual trees.

Whyte Island

The vegetation health trend was variable across Whyte Island in the monitoring period. Some inland
areas fringing the northern claypan observed an increase in vegetation health which can be seen on
aerial imagery to be a result of growth of existing mangroves and recruitment of new mangroves. The
major notable area of change at Whyte Island was the decrease in vegetation health in the south on the
landward side (see Figure 3.8). At this location a large band (up to 40 m wide by 700 m long) of
mangroves have experienced leaf loss. Aerial imagery reveals that this leaf loss began in early 2022 at
the edge of Port Drive and has continued to track south over time. The leaf loss has now spanned from
Port Drive to the northern end of the Wynnum mangrove walk. This is further discussed below.
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3.2.3 Health reduction in inland mangroves, particularly Whyte Island

During the 2021-2022 monitoring year, pockets of landward mangroves at both Fisherman Islands and
Whyte Island experienced leaf loss. As mangroves live in a dynamic interface between land and sea, as
well as typically being adjacent to dense urbanised or industrial area, it is difficult to determine if there is
a singular factor resulting in the leaf loss or whether it is multiple interacting factors. Duke et al. (2021)
have conducted a review on the factors that determine mangrove health which are listed in Table 3.1.

As summarised in Table 3.1, the potential factors that currently cannot be ruled out to be causing the
leaf loss are acute and chronic rainfall, hydrology issues through blocked drainage resulting in ponding
and pollution or excessive nutrients.

Despite the consistent finding of positive correlation between rainfall and vegetation health in the MMP,
acute or chronic rainfall events can also lead to a decrease in mangrove health (Duke et al. 2021). This
negative relationship was also observed by DERM (2012) following the 2011 Brisbane floods where
excessive rainfall caused erosion and siltation of mangroves which lead to leaf loss and death. Some of
these mangroves were observed to recover following the short-term reduction in health. One of the
potential causes is ponding of water as a result of high rainfall and hydrology issues. The ground
elevation profile at Whyte Island is shown in Figure 3.8. The elevation in the dieback areas is not
notably different to the adjacent areas other than a general increase in elevation to the west of the
dieback. However even a small change in elevation could cause ponding and this cause cannot be
ruled out.

To further investigate the potential leaf loss a small site inspection was conducted at Whyte Island at
the Wynnum mangrove boardwalk. The inspection confirmed the copse of mangroves were leafless as
shown in Figure 3.7. The potential pollution reported by the community, as shown in Figure 3.7, is likely
to be what is referred to as marine or cyanobacteria ‘scum’. Further laboratory testing of the water and
sediment would be required for a definitive conclusion.

The mangroves at the southern edge of the leaf loss had an excess of algae growing on the
pneumatophores and on the ground. This suggests that either the water is ponding in this area and/or
that there is an increase in nutrients within the water. Either of these factors could also be contributing
to the mangrove leaf loss.

It is recommended that a further investigative study be conducted into the cause of this health decline.
The future investigation should involve water and sediment testing, observing some of the mangrove
dieback areas at low tide to determine if there is any water ponding, and identifying any obstructions to
drainage that may be causing hydrological issues.
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Table 3.1 Factors that influence mangrove health according to Duke et al. (2021) and evaluation of whether they may be contributing to inland
mangrove leaf loss at Fisherman and Whyte Islands

Factor Disturbance Response Evaluation for Fisherman Islands and Whyte Island
Soil condition Soil stability influences Loss or gain due to erosion As the impacted mangroves are in inland areas it is Unlikely
scouring & burial deposition unlikely that soil stability would be the cause of the leaf
loss.
Temperature Extremes in High- or low-temperature stress = Temperature stress can result in the death of inland Unlikely
evapotranspiration reduce reduces biodiversity mangroves however the rolling maximum temperature
habitat resilience observed in the monitoring year was not higher than
other years therefore, it is unlikely that this is the cause.
Rainfall Incremental shift towards Wet or dry conditions reduce Rainfall has been particularly high during the current Likely
high or low biomass biodiversity with dramatic monitoring year in both short-term acute events and
vegetation impacts on prolonged chronic rainfall events. Therefore, this has the
potential to be impacting mangrove health.
Flooding events  Inundation, erosion, burial Inundation, erosion, burial cause Rainfall has been particularly high during the current Likely
cause plant damage & plant damage & death across monitoring year in both short-term acute events and
death in small patch areas broad areas prolonged chronic rainfall events. Therefore, this has the
potential to be impacting mangrove health.
Salinity Incremental shift towards Hypersaline to hyposaline No evidence that salinity has changed. Unlikely
high or low biomass extremes reduce biodiversity
vegetation
Storm severity High winds, large waves High winds, large waves cause There have been no major storms in the monitoring Unlikely
cause plant damage & plant damage & death across years and the vegetation decline is not consistent with a
death in small patch areas broad areas single acute wind damage event.
Pollutant incident Toxic/smothering oil spill, Toxic/smothering oil spill, Due to the distribution of leaf loss across Whyte Island Possible
chemical, nutrients cause chemical, nutrients cause plant and Fisherman Islands it is unlikely that a pollutant would
plant damage & death in damage & death across broad be the cause however, as multiple factors may be to
small patch areas areas blame further studies would be required to test the water

and sediment in the area of leaf loss.
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Factor Disturbance Response Evaluation for Fisherman Islands and Whyte Island

Direct damage Harvest, trampling, landfill of Harvest, trampling, landfill of There is no evidence of direct damage therefore this is Unlikely
small patch areas broad areas unlikely.

Herbivore Plant death and recovery in  Plant death and recovery of Due to the distribution of leaf loss across Whyte Island Unlikely

damage or small patch gaps broad areas and Fisherman Islands it is unlikely that a

pathogen attack herbivore/pathogen would be the cause however, as

multiple factors may be to blame further studies would be
required to ground-truth some areas of leaf loss.
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Figure 3.7 Wynnum mangrove boardwalk at Whyte Island field observations of loss of canopy along the elevated path (top left), a band of canopy loss
(top right), white floating sum along the boardwalk (bottom left) and excess macroalgae growth on pneumatophores (bottom right)
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4 Conclusions

The present study found that:

e The overall condition of mangroves at both the test and control sites between 2021 and 2022 were
highly variable with some locations in each treatment increasing and some decreasing overall. All
sites had means within the historical ranges. Within the test sites, the overall condition of Fisherman
Islands and Coal Loader decreased while the Whyte Island, Luggage Point and Bulwer increased
overall.

e The overall spatial trend was that the mangroves north of the Brisbane River entrance increased in
health (Luggage Point and Nudgee) whereas the mangroves along the Brisbane River (Bulwer) or
to the south of the Brisbane River entrance (Fisherman Island, St Helena Island, Mud Island, Green
Island) had overall stable or decrease in health (Figure 2).

e At Fisherman Island, the eastern fringe observed an overall decrease whereas areas on the
western fringe typically observed an overall slight increase in health. Some inland areas of
mangrove showed notable patches of leaf loss.

e Boat Passage had an overall slight increase in vegetation health. This area noted some issues with
erosion in previous monitoring years that had resulted in tree fall which was no observed in the
2021/22 monitoring year.

e Coal Loader had a slight increase in mangrove health however, the seaward fringe is experiencing
ongoing erosion which resulted in a decrease in vegetation health.

e Bulwer had an overall trend of decrease in vegetation health, which was concentrated in the south-
west corner of the mangrove patch.

e Whyte Island had a variable trend of vegetation health with some areas of growth and recruitment at
the northern claypan and a decrease in vegetation health in the south on the landward side. At this
location a large band (up to 40 m wide by 700 m long) of mangroves have experienced leaf loss
spanning from Port Drive to the northern end of the Wynnum mangrove walk.

e This decline in mangrove health may be a result of a single or multiple interacting factors including
acute and chronic rainfall, hydrology issues through lack of drainage and/or pollution/excessive
nutrients. Further study is recommended to investigate potential causes.
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Figure A.1 Time-series of NDVI, SAVI, and LAI for all sites derived from Sentinel-2 between 2015
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Annex B Aerial imagery investigations
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Figure B.2 Recruitment of juvenile mangroves between July 2021 (middle) and July 2022 (right)
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Figure B.4 Increase in canopy cover at Coal Loader between July 2021 (middle) and July 2022 (right)
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Figure B.6 Dieback on mangroves at Whyte Island between July 2021 (middle) and July 2022 (right)
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Figure B.8 Defoliation of southern fringing trees at Bulwer Island between July 2021 (middle) and July 2022 (right)
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