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4.3. Cyanobacterial Mats 

The accurate mapping and delineation of cyanobacterial mats has not been undertaken in the Port 
Hedland region to date. Recent investigations of aerial imagery were undertaken to determine if the 
presence of cyanobacterial mats could be identified by a specific spectral signature (or set of 
signatures), but the results were inconclusive. Training of image analysis requires positive 
identification of mats at specific locations so that the spectral signature of these areas can be used 
to search for similar signatures elsewhere. The results obtained to date show conclusively that the 
image analysis cannot accurately delineate the spectral signatures unique to cyanobacterial mats 
from the limited data set of confirmed mat locations. There are very few locations where mats have 
been confirmed, and because mats are not always present or active, it is not certain that the mat 
location will have had active mats in the image available for analysis. Another factor is the state of 
the tide, where any layer of water over the tidal flat areas which might support mats confounds the 
analysis. 

It is important to note that mats are restricted both spatially and temporally to areas where 
conditions are conducive to their formation, and may not form at all in dry years. 

Within the area of interest, under or near the footprint of the proposed causeway, there is one small 
area where the presence of a cyanobacterial mat was confirmed during survey work to set up the 
monitoring sites for the RGP5 mangrove monitoring program (SKM 2009a). An area of bare tidal 
pan immediately north of the DMMA reclamation area (Figure 5-1) and west of the existing 
conveyor causeway includes a shallow depression of about 0.25 ha in size and this area had a 
cyanobacterial mat in late January 2009. 
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5. Historical and Cumulative Losses 
This section provides an assessment of the losses of BPPH in the intertidal areas in and around Port 
Hedland from previous and planned development projects. It is important to understand, however, 
that BPPH are rarely static ecosystems and that gain and loss in area coverage will occur naturally. 
The assessment of losses presented here recognises the dynamic nature of the BPPH in the LAU 
(Figure 1-2 X). 

The assessment presented here is restricted to the habitats supporting mangroves. During an 
intertidal survey of the potential area of impact, other intertidal BPPH such as salt marsh/samphire 
flats and cyanobacterial mats were recorded (SKM 2009a) and their contribution to ecological 
processes is described in Section 3 of this report. However, due to the limitations in determining 
historical extent and cumulative losses for BPPH other than mangrove habitats, they have not been 
included in this assessment. 

5.1. LAU and Relevant Regulatory Framework 

The EPA (2001) has designated the Port Hedland Industrial LAU (Figure 1-2X) as the appropriate 
LAU for mangrove and other BPP communities in the Port Hedland Harbour area. This LAU has 
been used here for estimations of the historical and cumulative losses of mangroves associated with 
the proposed Port Hedland Outer Harbour development, of which the terrestrial component lies 
entirely within the specified LAU. 

Coastal areas are divided in EPA Environmental Assessment Guideline No. 3 into six categories 
ranging from areas considered to have very high conservation value (Category A) to development 
areas (Category E) where it is recognised there is, or will be, substantial coastal and marine 
infrastructure development that may impact on BPPH (EPA 2004). A set of cumulative loss 
thresholds is specified for each category and is shown in Table 5-1X. 

The threshold of cumulative loss for Category E Development Areas is 10%, which is applicable to 
the Port Hedland Industrial LAU as defined by the EPA (2001). For development areas along the 
State’s coastline where cumulative loss is already well in excess of 10%, another category (F) has 
been specified for these areas and the cumulative loss threshold is set at 0% net damage/loss (plus 
offsets). This means that any further losses will only be acceptable if a suitable suite of offsets is 
provided by the proponent. 
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 Table 5-1: Categories of Protection and Cumulative Loss Thresholds Guidelines 

Category Description 
Cumulative loss threshold 

(percentage of original BPPH within 
a defined LAU) 

A Extremely special areas 0% 
B High protection areas other than above 1% 
C Other designated areas 2% 
D Non-designated areas 5% 
E Development areas 10% 
F Areas where cumulative loss thresholds 

have been significantly exceeded 
0% net damage/loss (+Offsets) 

Source: EPA (2004) 

The EPA (2009) also define cumulative impact as the sum of all irreversible loss of, and 
serious damage to, benthic primary producer habitat caused by human activities since 
European habitation of Western Australia (approximately 200 years before present). 
Cumulative impacts in this context do not include changes to benthic primary producer habitat 
caused by natural disturbances such as severe storms or effects of freshwater inundation from 
river flow, or climate change. Port Hedland has been subjected to several cyclones over the 
past 35 years (BoM 2010) and it is therefore important to recognise that the mangrove and other 
BPP communities in the Port Hedland Harbour area would be affected by these and other natural 
events. 

5.2. Previous Historical Loss Estimates 

Recent infrastructure projects in the Port Hedland Harbour have required the calculation of 
estimates of historical and cumulative loss of BPPH as part of the approvals process. Two of the 
larger, recent projects are Fortescue Metals Group’s (FMG) development of Anderson Point, and 
the development of Utah Point on Finucane Island by the Port Hedland Port Authority (PHPA). 
Both of these projects used Paling et al. (2003) as the basis for their estimates of historical loss of 
mangroves that occurred as a consequence of industrial development in the port. 

A critical review of the estimates in Paling et al. (2003) identified a number of concerns with the 
estimates provided (SKM 2009b). Loss estimates compiled by Paling et al. (2003) were confined to 
those within the major creek system within the harbour (such as the infilling of East Creek by BHP 
Billiton Iron Ore), and did not include areas to the east or west which are still within the EPA’s 
defined Port Hedland Industrial LAU (EPA 2001). Furthermore, no account was made of the areas 
where the then Cargill Salt facility (now Dampier Salt Limited) caused the loss of mangrove 
habitat. Findings from a review of data presented by Paling et al. (2003) are discussed by SKM 
(2009b). 

Most recent project proposals (e.g. by FMG and PHPA) have relied heavily upon the loss estimates 
provided by Paling et al. (2003), and subsequently the loss estimates provided by the EPA in 



Port Hedland Outer Harbour Development 
Benthic Primary Producer Assessment: Intertidal 
 

SINCLAIR KNIGHT MERZ       
 
I:\WVES\Projects\WV05024\Technical\160 Live PER Document\A Appendices\Appendix A16 Intertidal BPPH Assessment M5\M5 BPP Assessment 
Intertidal Rev 2 140211.doc PAGE 28 

several Bulletins and Reports. This approach leads to loss estimates based on an original baseline 
of 2,676 ha (approved by the EPA) and the total of mangroves remaining within the LAUs is 
derived by subtraction of the approved losses for each successive development proposal. The most 
recent EPA Report 

If this approach is adopted, then the historical and cumulative losses for mangroves in the Port 
Hedland Industrial LAU including the proposed Outer Harbour Development are as listed in 
Table 5-2. 

 Table 5-2: Historical and Cumulative mangrove losses associated with development in 
the Port Hedland Industrial LAU 

LAU Mangrove 
extent1 

Current extent 
of mangroves 
as defined by 
EPA 

Sequential historical losses  Cumulative 
losses (%) 

Port Hedland 
Industrial  
(154.3 km2) 

2,676 ha 

2,378.9ha Area of 297.1 ha lost due to existing 
development 
Proposed loss of 40 ha from PHPA 
South West Creek Development – 
40.0 ha 
Total Cumulative loss of 342.1 ha 

11.1 
 
 
 

12.8 

2,333.9 ha Worst-case loss scenario: 
Port Hedland Outer Harbour project: 
27 ha  
Total Cumulative loss of 369.1 ha 

 
 
 

13.8 
1Source: EPA 2011 

From an accounting perspective, the delineation of a baseline and subtraction of approved losses is 
sensible enough, but assumes that the baseline area of mangroves would remain static through time 
if it were not for the losses induced by development. 

As mangroves are typically dynamic systems, it is unlikely that over a timespan of decades the total 
area of mangroves within the LAU would remain static (Section 5.4). As there is evidence of both 
accretion and erosion within mangrove stands in the LAU then it is not possible to predict whether 
the actual area of mangroves is more or less than that derived from the static accounting model 
shown in Table 5-2. 

Therefore the historical and cumulative loss estimates for RGP6 and now the Outer Harbour 
Development have been recalculated using comprehensive data sets to determine whether the 10% 
loss threshold has already been exceeded by existing losses or will be exceeded.  

5.3. Revised Historical Loss Estimates 

Revised loss estimates were originally calculated over the period 1963 to 1993, which is similar to 
the period 1960 to 1992 investigated by Paling et al. (2003). The year 1963F was chosen for the 
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estimation of a baseline because this is the first year when a complete coverage of the area by one 
set of aerial photographs was available. The use of one set of images for baseline removed the 
potential for errors inherent in using photographs, maps and other images of different scales and 
coverage. The level of error inherent in using several different formats of imagery can be 
considerable and exceed the total allowable level of loss of 10% for the LAU. The revised 
estimates were expanded to include the whole LAU, including the development of Cargill Salt’s 
facility. Orthorectified images were classified using an unsupervised ISODATA algorithm; full 
details of the analysis methods and results by vegetation association are provided in SKM (2009a).  

The revised loss estimates were then updated to provide a more current estimate of loss by the 
inclusion of datasets from 2008 (SKM 2009b). These images allow assessment of the losses 
associated with development up to and including the FMG development at Anderson Point, but do 
not include the losses from the PHPA Utah Point Development, PHPA South West Creek or the 
BHP Billiton Iron Ore RGP5 and RGP6 developments. 

The total area of mangroves estimated to be present in 1963 is 2,699 ha, and this figure is similar to 
the official baseline of 2,676 ha adopted by the EPA (2005). Although the difference is trivial in 
the context of the overall area of the resource, a difference of 23 ha does have an impact upon the 
percentage of loss calculations. There are more substantial disparities in the estimates of historical 
losses associated with the infilling of East Creek and the construction of Cargill Salt’s facility. The 
EPA (2005) and Biota (2007) both originally provided estimates of 253 ha of mangrove loss, 
comprising losses of 155 ha from the infilling of East Creek and 98 ha from the Cargill Salt 
development. Investigation of the 1963 and 2008 images allowed revised estimates for losses from 
these two developments, which are shown by mangrove vegetation association in Table 5-3. Ta 
Cumulative losses from the East Creek (BHP) and Cargill Salt developments are estimated to be 
155.7 ha and 146.3 ha, respectively, with the vegetation association Avicennia marina (scattered) 
having suffered the greatest losses. The boundaries of this particular vegetation association are 
difficult to define on the landward side of the mangrove distribution because the vegetation 
association is defined by scattered trees with either bare areas between trees and/or samphires. The 
issue of whether to include sparsely distributed outlying trees within the boundary of the vegetation 
association also contributes to a much less robust boundary delineation than that which can be 
applied to any of the closed canopy mangrove vegetation associations. Therefore the disparities 
between estimates of the amount of mangrove loss from the Cargill Salt development may be 
explained by the error in the estimates of areas of scattered Avicennia marina. 
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 Table 5-3: Revised Cumulative Loss Estimates (in hectares) of Mangrove Associations 
due to the East Creek (BHP) and Cargill Salt Developments 

Vegetation Association East Creek 
(BHP) (ha) 

Cargill Salt 
(ha) 

Cumulative 
Loss (ha) 

Avicennia marina (closed canopy, seaward edge) 10.3 3.7 14.0 
Rhizophora stylosa (closed canopy) 47.9 1.5 49.4 
Avicennia marina/Rhizophora stylosa (closed canopy) 11.7 3.9 15.6 
Avicennia marina (closed canopy, landward edge) 24.1 38.2 62.3 
Avicennia marina (scattered) 61.7 99.0 160.7 
Total 155.7 146.3 302.0 
 
The 1963 and 2008 images were then examined to determine the cumulative loss within each type 
of vegetation association. The areal extent derived from interpretation of the images revealed that 
three of the five vegetation associations had increased in coverage since 1963, despite substantial 
losses from the infilling of East Creek. The greatest loss resulted from the removal of the mid-
upper intertidal areas of scattered Avicennia marina, with 22.5% of this habitat lost since 1963 and 
up to 2008. It is important to note this vegetation association is considered to contribute the least of 
all the mangrove associations in terms of environmental services (Section 3.5.1). 

The revised estimates of loss based upon the current status of mangroves present in 2008 
(SKM 2009b) show that losses of mangroves to date have been offset to a large extent by gains in 
mangrove areas during the last 45 years. It is possible that some of the apparent gains in mangrove 
vegetation are due to errors in the estimates between 1963 and 2008 and there is no doubt that for 
the vegetation association A. marina scattered (Table 5-4) the delineation of landward boundaries 
of open canopy forest is problematic. However, a comparison of the areas of the closed canopy 
forest vegetation associations (Table 5-4), which are much more accurately delineated, shows that 
while there have been substantial losses of some vegetation associations, substantial gains have 
occurred such that the estimated net loss of mangroves between 1963 and 2008 is 2.2%. 

 Table 5-4: Cumulative Changes in Extent of Mangrove Associations in 1963 and in 2008  

Vegetation Association 1963 total (ha) 2008 total (ha) % Cumulative losses or gains 

Avicennia marina (closed canopy, 
seaward edge) 

223  220 -1.3 

Rhizophora stylosa (closed canopy) 570 589 +3.3 
Rhizophora stylosa/Avicennia 
marina –(closed canopy) 

126 89 -29.6 

Avicennia marina (closed canopy, 
landward edge) 

891 1,027 +15.3 

Avicennia marina (scattered) 889 715 -19.6 
Totals 2,699 2,640 -2.2 
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5.4. Evidence for Increases in Mangrove Extent 

Mangrove-lined tidal creeks are dynamic systems and typically show evidence of both erosion and 
accretion of sediments and associated mangrove vegetation over time, often on the same creek. 

The mangroves of the arid Pilbara coastline are not subject to the same erosive and depositional 
environments typical of estuaries in the wet tropics that produce substantial changes in the 
morphology of creeks and rivers over relatively short time frames (Woodroffe 1992; 
Saenger 2003). However, there is ample evidence of local erosion and deposition (Paling et al. 
2003; Semeniuk 2007a) sufficient to provide some drivers of change in the distribution, extent and 
composition of mangrove vegetation inside the defined LAU. 

Periodic events such as heavy rainfall runoff, strong waves and storm surges during cyclones also 
have the potential to quickly and substantially alter the morphology of the coastline and the many 
tidal creek channels in the defined LAU. These changes would often affect the viability of existing 
stands and also create new opportunities for colonisation.  

The aerial photography from 1963, 1993 and 2008 was examined in detail for evidence of increases 
in the area of mangrove vegetation associations and for evidence of change in composition 
(SKM 2009b). While many areas of the mangroves within the LAU showed remarkable stability 
over a prolonged period of time, there is ample evidence of substantial increases in the areas of 
mangroves (SKM 2009b).  

The gains in mangrove vegetation also include areas where new mangroves have formed and one 
of the most conspicuous of these is downstream of the Cargill Salt development where alterations 
to the creek channel have apparently created conditions suitable for colonisation by mangroves. 
There are several other large and conspicuous areas but most of the gains are small-scale and 
therefore difficult to readily identify on a large-scale image. At the finer scale, many areas of 
increase in mangrove vegetation are apparent, particularly the expansion of the Avicennia marina 
closed canopy forest on the landward edge (SKM 2009b).  

None of these areas of active gain lie within the area to be impacted by the footprint of the 
proposed development. 

5.5. Direct Loss of Mangrove BPPH Due to Outer Harbour Development 

Predicted direct loss estimates due to construction of the infrastructure corridor have been 
determined for each mangrove vegetation association (Table 5-5). Potential losses of mangrove 
BPPH in this disturbance envelope are considered to be an absolute worst case scenario. 

As shown in Figure 5-1, the southern part of the proposed corridor will traverse the area of the 
DMMA A already approved for reclamation as part of the RGP5 proposal and now constructed and 
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operational. The expected worst case scenario would result in a total loss of 27 ha of closed canopy 
and open canopy mangroves.  

The greatest loss would be in the Avicennia marina (scattered) habitat and the Avicennia marina 
(closed canopy, landward edge) mangrove habitat (Table 5-5X). These two vegetation associations 
occupy the highest intertidal positions of the five mangrove habitats under consideration. 
Contribution to environmental services is considered to decrease with increasing shore height (see 
Section 3.5.1) and as such the conservation of low-intertidal mangrove habitat is of high 
importance. The closed canopy, seaward edge Avicennia marina forest in the low intertidal would 
be the least impacted of the mangrove vegetation associations, with an estimated loss of 1.5 ha, 
while the losses of high value stands of Rhizophora stylosa would be up to 5.5 ha (Table 5-5).  

 Table 5-5: Estimated Direct Loss of Mangrove Habitat within Footprint and Disturbance 
Envelope for Terrestrial Works proposed for the Port Hedland Outer Harbour 
Development 

Vegetation Association Pre-impact extent (ha)1 Worst case (ha) 
Avicennia marina (closed canopy, seaward edge) 223 1.5 
Rhizophora stylosa (closed canopy) 570 5.5 
Avicennia marina/Rhizophora stylosa (closed canopy) 126 2.0 
Avicennia marina (closed canopy, landward edge) 891 7.0 
Avicennia marina (scattered) 889 11.0 
Total 2699 27.0
(1) Pre-impact extent (1963) derived from revised analysis as described in this report (Section 5.3) 

 

Table 5-6 provides an estimate of the cumulative losses of mangrove habitat within the LAU. 
Table 5-6 presents estimates of previous losses and also includes the approved losses for Utah 
Point (PHPA), RGP5 (BHP Billiton Iron Ore), RGP6 (BHP Billiton Iron Ore) and South West 
Creek (PHPA).  

The calculation of actual net losses (2,699 ha – 2,640 ha = 59 ha) between 1963 and 2008 were 
made from an image set captured in 2008 where none of the approved mangrove losses for recent 
project proposals had yet occurred and therefore the total cumulative loss as at 2008 was 2.2% 
(59 ha/2,699 ha).  

Since then, Utah Point (18.6 ha) and RGP5 (6.5 ha) have been approved and the projects have 
proceeded, and if the projected losses of mangroves for the South West Creek (40.0 ha) and RGP6 
proposals (4 ha) are also approved, then the approved cumulative loss from existing net losses 
(59 ha), plus the approved losses since the 2008 image was captured (29.1 ha), means that the total 
cumulative loss is 4.7% (127.95 ha/2,699 ha). With the addition of the worst-case scenario for 
mangrove losses from the proposed Outer Harbour Development (27.0 ha), the cumulative loss of 
mangroves would rise to 5.9% (160.1 ha/2,699 ha).  
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The accuracy of measurements of total area of mangrove vegetation associations is distorted by the 
large error term inherent in the difficulties associated with the definition of scattered Avicennia 
marina, which comprises often large areas of bare tidal pan with a few sparsely distributed trees. 
Comparisons of areas of this vegetation association between 1963 and 2008 show there is 
remarkable stability in many areas, suggesting that the bare areas between the trees is not a suitable 
habitat for colonisation. Therefore, much of what is captured by the landward boundary of this 
association is not mangrove habitat and its inclusion in calculations provides an unacceptably large 
error term (SKM 2009b). 

 Table 5-6: Historical and Cumulative Loss of Mangrove BPPH in Port Hedland Industrial 
LAU using revised estimates 

LAU 
1963 
mangrove 
extent1 

2008 extent of 
mangroves 

Losses since 2008 mangrove area 
estimate 

Cumulative 
losses (%) 

Port Hedland 
Industrial 
(154.3 km2) 

2,699 ha 

2,640 ha 

 PHPA Utah Point – 18.6 ha 
 BHP Billiton Iron Ore RGP5 – 6.5 ha 
 BHP Billiton Iron Ore RGP6 – 4.0 ha 
 RHIO 5 ha 
 PHPA South West Creek – 40.0 ha 

Cumulative loss since 2008 = 74.1 ha 

2.2% from 
2008 

estimate 

Current extent 
of mangroves 
2,565.9 ha 

Worst-case loss scenario: 
Port Hedland Outer Harbour project: 
27 ha 

5.9% 

(1) Values are derived from revised analysis as described in this report (Section X5.3 X). 

 

The processes leading to natural creation (and loss) of mangroves in the LAU are not yet 
understood well enough to determine rates of natural change and the scale or direction of potential 
future changes in the mangroves of the LAU. 

It is important to understand that BPPH are dynamic ecosystems and that gain and loss in spatial 
coverage are natural processes. It is not scientifically defensible to assume that Port Hedland 
mangrove systems are static and to simply subtract coverage losses based on approved project 
clearances without accounting for recruitment and succession of habitats. There is a strong case to 
regularly revisit the calculations of historical loss, to investigate the underlying processes that may 
be continuing to provide new areas of mangroves within the LAU and to deal with any issues 
associated with mapping accuracy.  

Given the difficulties associated with accurately delineating the landward boundary of scattered 
Avicennia marina and the relatively low value of this vegetation when compared with the closed 
canopy forests, it is strongly recommended that future investigations partition the mangrove 
vegetation into the vegetation associations used by SKM (2009b). This would then readily allow 
estimation of changes in high value mangroves and accurately identify potential impacts upon 
those mangrove vegetation associations. 
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5.6. Loss of other BPPH 

For the other BPP types present in the intertidal zone, the estimation of historical and cumulative 
losses is a more difficult exercise. 

There is no currently accepted method for accurately delineating the distribution of cyanobacterial 
mats and this is the subject of ongoing investigations. An initial evaluation has been undertaken to 
describe the distribution of cyanobacterial mat communities in the LAU and multispectral imagery 
has indicated that 1,798 ha of mat may be present, but this number represents the results of a first 
pass classification algorithm, with no ground truthing undertaken to confirm this distribution and 
there are problems associated with the interpretation of the outputs from the classification (see 
Section 4.3). So this is likely to represent a gross overestimation of the total area that could support 
mats. Estimations of cyanobacteria areal coverage will continue to be investigated as part of 
ongoing BHP Billiton Iron Ore environmental studies. 

Within the area of the footprint of the proposed causeway, the area of known cyanobacterial mat 
occupies no more than 0.25 ha. The area supporting the mats is perhaps larger in years when 
conditions are more favourable (i.e. heavier rainfall), but that cannot be confirmed at this point. 
Although there is no data available yet on potential historical and cumulative losses of this BPP and 
the habitat that supports it, the area of 0.25 ha is considered to be a small component of the overall 
areas of potential mat that may be present within the LAU (1,798.1 ha). 

Within the area of the footprint of the proposed causeway, the area of samphires has not been 
mapped accurately, primarily because of problems with defining the boundaries of a vegetation 
association where plants are scattered over tidal flats at low densities. At present there are no 
protocols for mapping boundaries of the samphire areas and that is the subject of ongoing 
investigation. The potential area of samphire habitat has not been estimated, due to the problem of 
assigning discrete boundaries which makes it difficult to accurately discriminate between bare tidal 
flat and samphire, and mixed samphire and scattered mangrove. The area of samphire within the 
footprint is also a small percentage of the area of total samphire BPPH within the LAU, based on 
the estimation of 758 ha by Paling et al. (2003); although it is acknowledged there has likely been 
substantial loss of this habitat type in the past, and further losses since 2003. Estimations of 
samphire areal coverage within the LAU continue to be investigated as part of ongoing BHP 
Billiton Iron Ore environmental studies. 
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6. Mitigation and Management Measures 
Mitigation and management measures to be used for the minimisation of impacts to intertidal 
BPPH during the Outer Harbour Development project have been drawn from the Mangrove 
Management Plan (MMP) developed for the project (SKM 2009c).  

The MMP seeks to limit environmental impacts arising from the proposed Outer Harbour 
Development. Specifically, the objectives and applicable strategies of the MMP are: 

Objective: to limit the direct loss of mangroves associated with construction of the 
infrastructure corridor to the approved footprint and buffer zone 

 where practical, cleared material that is lost into the harbour will be collected; 

 the disturbance area will be surveyed and delineated using coloured flagging (where practical); 
and 

 clear briefings and instructions to contractors regarding the clearance procedures will be 
undertaken to minimise the disturbance area. 

Objective: to avoid indirect impacts to the mangrove ecosystem of the Port Hedland Harbour 
associated with the Outer Harbour Development 

 maintain unaltered tidal flushing patterns by insertion of necessary number and size of culverts 
as recommended by modelling; 

 installation of rock armouring at the base of the channel crossing to contain fill and stabilise 
earth fill as it is placed; and 

 minimisation of dust generation by watering dust sources, use of dust suppressants, restriction 
of vehicle movements and speeds, an induction program to make staff aware of the need to 
minimise dust emissions and reporting of any community complaints regarding dust levels. 

Objective: to maintain the abundance, diversity, geographic distribution and productivity of 
mangrove communities at species and ecosystem levels 

 restrict loss of habitat to the corridor footprint and buffer zone. 

 

Monitoring will also be done to assist in the management of potential impacts on mangrove 
vegetation associations and will consist of the following four components; further detail is provided 
in the MMP.  

6.1. Mangrove Mapping 

Aerial photography and field surveys will be used to map the distribution and coverage of 
mangrove vegetation associations situated near the project footprint. Aerial photography will be 
ortho-rectified to allow for determination of mangrove cover. Mangrove mapping will be 
undertaken, prior to the commencement of the project to provide current information on mangrove 
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distribution; at project milestones including the completion of clearing activities within the 
infrastructure corridor; and on completion of the project. 

Mangrove distribution and cover will be compared to the baseline data to confirm that the area of 
direct disturbance of mangrove habitat does not exceed the approved limits. 

6.2. Mangrove Health Surveys 

Mangrove health surveys will be undertaken in an effort to ensure that any negative impacts are 
detected as soon as possible. This will consist of regular visual assessments to determine mangrove 
condition and detailed mangrove health surveys prior to dredging, after six months (following 
commencement of construction) and on completion of the project.  

The health surveys will include looking at several parameters in 4 m x 4 m quadrats. More detail is 
contained in the MMP.  

6.3. Monitoring of any Sediment Accumulation within Mangrove Vegetation 
Associations 

Sedimentation will be monitored within mangrove communities to provide an early warning of any 
potential impacts. Sedimentation monitoring will be undertaken at the same monitoring and 
reference sites used in the mangrove health surveys. Monitoring will be via pegs planted and 
secured within the sediment along each transect, which will be revisited regularly. The detection of 
sedimentation is only possible at a coarse scale and would require sedimentation in the order of 
tens of centimetres. 

6.4. Assessment of the Potential for Changes in Soil Salinity in the Vicinity of 
the Infrastructure Corridor 

Soil salinity will be measured at the same sites used in the mangrove health surveys and compared 
with baselines values collected along transects across the intertidal zone profile (increasing distance 
from creek banks). 
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7. Synthesis 
The objectives of this document were to assess the potential and known impacts on intertidal BPPH 
due to activities as proposed by the Outer Harbour Development. The assessment is robust, 
drawing on information available in the literature and baseline environmental data.  

The BPPH present within the area which will be impacted by the proposed corridor comprises 
intertidal creek banks and tidal flats. These habitats support mangroves, samphires (salt marsh) and 
cyanobacterial mats. 

The mangrove vegetation associations within the Port Hedland Industrial LAU have been separated 
into five categories; Avicennia marina (scattered) 27.1% of total mangrove area, Avicennia marina 
(closed canopy, landward edge) 38.9%, Avicennia marina/Rhizophora stylosa (closed canopy) 
3.4%, Rhizophora stylosa (closed canopy) 22.3% and Avicennia marina (closed canopy, seaward 
edge) 8.3%. Throughout the LAU there is typically the same distribution of the vegetation 
associations across the intertidal, with zonation corresponding to increasing elevation above mean 
sea level. Occupying the lowest intertidal position is the seaward Avicennia marina closed canopy 
association, then having progressed through the other associations, scattered Avicennia marina 
occupies the highest (most landward) intertidal position. 

Salt marsh vegetation associations are also known as samphires, which describes all species of salt 
marsh plant that grow within a maritime influence (that are occasionally flooded by tidal water). 
Within the LAU, the salt marsh areas are largely dominated by one species of samphire, 
Tecticornia halocnemoides. In the Australian tropics, the lower areas of the intertidal, which 
typically support the most productive stands of salt marsh in temperate regions of the world, are 
exclusively occupied by mangroves, and therefore tropical salt marsh is a feature of the mid to 
upper intertidal zones (Adam 1995). 

Cyanobacterial mats (blue-green algae) are a common feature of intertidal zones throughout the 
world and have been found to occur in extensive mats on intertidal mud flats in highly saline 
conditions along the north-west Western Australian coastline (Paling 1986). Cyanobacterial mats 
are often found in association with, or in close proximity to, mangroves and salt marsh habitats in 
tropical and subtropical regions (Sheppard et al. 1992) and fix nitrogen from the atmosphere. 
However, they may not be present year-round.  

These BPP at Port Hedland provide a range of environmental services that include, but are not 
limited to, primary productivity, biodiversity (both floral and faunal), nutrient trapping and 
maintenance of water quality, protection against storm surge and erosion, and the recreational 
amenity value associated with fishing.  

The productivity of different BPP at Port Hedland may be influenced by a combination of latitude, 
rainfall and vegetation height that has elsewhere been shown to be highly correlated with 
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productivity (Saenger & Snedaker 1993) measured as litterfall. Therefore, it is expected that 
habitats closest to the seaward edge the LAU may be more productive than those on the landward 
edge. Given that primary productivity is an important source of organic carbon in food chains both 
within the mangrove and externally (tidal creeks, coastal waters), then the ecological value per unit 
area of closed canopy mangrove forest would be high relative to other types of mangroves, 
samphires and cyanobacterial mats. 

These habitats are ecologically valuable because of the habitat they provide. Mangroves provide 
habitat to several species of birds, whelks, crabs, lobsters and also to fish and prawns when 
inundated at high tide. The value of different categories of mangrove is also different as closed 
canopy associations may have greater habitat structure that is able to support a greater diversity and 
abundance of organisms. 

The seaward mangroves may be of higher value than landward mangroves due to proximity to 
channels which provide a refuge at low tide, structural complexity that provides refuge at high tide, 
inundation and therefore access on all high tides and they are flooded for longer periods compared 
to areas higher in the intertidal zone.  

The only fauna found in the samphire habitat were crabs. The lack of fauna is most likely related to 
the harsh environmental conditions faced by marine invertebrates at this height on the shore. Tidal 
inundation is infrequent and for short durations and the pore water and soil salinities are high, 
therefore crabs may be able to burrow deeper to reach sediment with greater moisture content.  

The areas of cyanobacterial mats observed at Port Hedland have mostly been surveyed during dry 
season conditions (SKM 2007) and all portions of mats observed were dormant with no signs of 
any invertebrate associates. Similarly, when areas of live, actively photosynthesising mats were 
observed around the harbour, no evidence was found in the field of organisms feeding on the mats 
or microorganisms living within the mats. 

The historical and cumulative losses of mangroves (the only BPP that could be accurately 
estimated) in the Port Hedland Industrial LAU were estimated using aerial photographs and 
estimates from previous and planned development projects. It is important to understand, however, 
that BPPH are rarely static ecosystems and that gain and loss in area coverage will occur naturally. 
The assessment of losses recognises the dynamic nature of the BPPH in the LAU.  

The threshold of cumulative loss for Category E Development Areas is 10%, which is applicable to 
the LAU as defined by the EPA (2001). Substantial losses of some vegetation associations have 
occurred over the last 45 years but also some substantial gains (SKM 2009b) such that the 
estimated net loss of mangroves between 1963 and 2008, together with planned future development 
result in a cumulative loss of 4.7% (127.95 ha from a total of 2,699 ha). With the addition of the 
worst-case scenario for mangrove losses from the proposed Outer Harbour Development (27 ha), 
the cumulative loss of mangroves would rise to 5.7% (155 ha/2,699 ha).  
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The impact of these cumulative losses upon the ecosystem functions supported by mangroves and 
other BPP such as samphires and cyanobacterial mats is considered to be small. This is partly 
because the predicted loss of mangroves, although considered to be the most important driver of 
primary productivity in the intertidal zone, is relatively small in terms of the total area of 
mangroves within the LAU. Further, the predicted mangrove losses are largely comprised of 
scattered Avicennia marina, which has the lowest ecological value. 
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