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Executive Summary 
LandCorp is the proponent for the proposed Albany Waterfront Development in Princess Royal 
Harbour, Albany.  The development includes a protected boat harbour on the waterfront to 
the south of the City of Albany CBD, which is being assessed under s38 of the Environmental 
Protection Act (1986). 
 
The construction of protected boat harbour will result in some minor loss of seagrass due to 
the development footprint.  There is also the potential for impacts on nearby seagrass 
meadows due to turbidity created during construction, that will need to be monitored and 
managed.  As a result, an up-to-date map of seagrass in Princess Royal Harbour was required 
to provide supporting information to the Environmental Protection Statement being prepared 
for s38 assessment.  
 
The benthic habitat mapping of Princess Royal Harbour required by LandCorp for the 
protected boat harbour coincided with the Department of Water’s (DoW, formerly the 
Department of Environment [DoE]) requirement for a ‘baseline’ map of seagrass and 
macroalgae in Princess Royal Harbour using standardised methods that could be repeated in 
future exercises to assess and interpret any changes.  Mapping was therefore undertaken as 
a collaborative venture, with the DoW funding collection and processing of the aerial 
photography of Princess Royal Harbour, and LandCorp funding map preparation (using the 
aerial photography) and the field surveys required to ground-truth the map.   
 
The methods used and results obtained for benthic habitat mapping of Princess Royal 
Harbour in 2006 are described in this data report.  The results obtained for 2006 are also 
compared with the results of earlier estimates of seagrass cover in Princess Royal Harbour 
dating back to 1962.  There was a major loss of seagrass between the early 1960s and late 
1980s during a period of environmental degradation:  the results of the 2006 survey and 
surveys in the 1990s indicate a gradual recovery of seagrass Princess Royal Harbour since 
the late 1980s, attributed to improved environmental conditions.  The results also reinforce 
the need for standardised methods for mapping and field surveys to ensure comparisons 
between estimates of seagrass cover in different yeas are valid. 
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1. Introduction 

1.1. Project Background 
The Albany Boat Harbour and Waterfront Development is located in Princess Royal Harbour, 
on the waterfront and portion of land to the south of the City of Albany CBD, encompassing 
the Albany Town Jetty (ATJ).  The aims of this development are to: 
 
1. Provide a protected boat harbour for commercial and recreational vessels generally above 

9 m in length; 

2. Develop land to enable construction of a creative waterfront development which extends 
the Albany Central Business District to the edge of the Princess Royal Harbour area; and 

3. Enhance the attraction of the foreshore to residents and visitors to the region. 

 
The development comprises both land (waterfront development) and marine components 
(protected boat harbour), each of which are subject to separate environmental approvals.  
This data report relates to the protected boat harbour, which is being assessed under s38 of 
the Environmental Protection Act (1986). 
 
The principal components of the protected harbour development include harbour structures 
(pens, boardwalks, paths and gangways), a breakwater as an extension of the ATJ, extension 
and enhancement of the Albany Port Craft Harbour seawall, deepening of the harbour to 4 m 
relative to AHD and a beach constructed using dredge spoil.   
 
Oceanica Consulting Pty Ltd (formerly DAL Science and Engineering Pty Ltd) has been 
commissioned by Landcorp to undertake relevant studies on the marine environment, for 
inclusion in the Environmental Protection Statement (EPS) being prepared for s38 
assessment under the EP Act 1986.  These marine studies include preparation of a detailed, 
up-to-date map of benthic (seabed) habitat in Princess Royal Harbour that is occupied by 
seagrass.  The methods used and results obtained for benthic habitat mapping of Princess 
Royal Harbour are the subject of this data report. 
 
The benthic habitat mapping of Princess Royal Harbour required by LandCorp for the 
protected harbour EPS coincided with an exercise planned by the Department of Water (DoW, 
formerly the Department of Environment [DoE]) to prepare ‘baseline’ maps of seagrass and 
macroalgae in Princess Royal Harbour and Oyster Harbour with standardised methods that 
could be repeated in future exercises to assess and interpret any changes.  A variety of 
methods have been used to map seagrass and macroalgae coverage in the two harbours 
since the 1980s, and this has confounded the assessment and interpretation of changes to 
some degree.  As the mapping requirements of LandCorp and the DoW overlapped to a large 
degree, the required work was undertaken as a collaborative venture, with the DoW funding 
collection and processing of the aerial photography of Princess Royal Harbour required to 
prepare a benthic habitat map, and LandCorp funding the comprehensive field survey 
required to ground-truth the map. 

1.2. Management Framework 
The protected harbour involves some minor loss of seagrass, and EPA Guidance Statement 
No. 29, Benthic Primary Producer Habitat Protection for Western Australia’s Marine 
Environment (EPA 2004) provides a set of principles to be applied when considering 
development proposals that may result in removal or destruction of, or damage to, marine 
benthic primary producer communities (e.g. seagrasses, coral reefs) or the habitats which 
support them.  The seagrass meadows of Princess Royal Harbour have already undergone 
extensive historical losses due to anthropogenic influence.  Extensive loss of seagrass in 
Princess Royal Harbour was first reported in 1986 (EPA 1990).  Between 1962 (seagrass 
meadows considered pristine) and 1988 approximately 90 % of the seagrass meadows were 
lost.  Some direct loss of seagrass occurred due to dredging for development associated with 
the Port of Albany in the 1960s. Prolific growth of macroalgae, attributed to high levels of 
nutrient discharge to the harbour was, however, identified as the most likely cause of large 
scale seagrass loss, due to the smothering and ‘shading’ (i.e. blocking of light) effect of the 
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macroalgae.  Due to this extensive loss of seagrass, EPA Guidance Statement No. 29 (EPA 
2004) designates Princess Royal Harbour as a ‘Category F’ management unit:  Areas where 
cumulative loss thresholds have been significantly exceeded, and therefore proposals must 
not cause any net loss of seagrass. 
 
Detailed mapping of seagrass in Princess Royal Harbour has not been carried out for over a 
decade.  For the purposes of the protected harbour EPS it was important to prepare an up-to-
date seagrass map in order to: 
 
• accurately document the amount of seagrass likely to be lost; 

• identify nearby seagrass meadows that might conceivably be affected by the construction 
and operational impacts of the proposed development (eg turbidity due to dredging, 
outflow of poorer quality water from the completed harbour); and 

• re-assess the extent and health of seagrass to ascertain whether conditions have 
improved or deteriorated since the 1980s.  This was considered an important influence on 
the degree of scrutiny likely to be given to the monitoring and management of seagrass 
meadows potentially affected by construction and operational activities, and the likely 
success of any rehabilitation exercises undertaken to offset seagrass losses.   
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2. Methodology 
Historically, mapping of seagrasses in Princess Royal Harbour has occurred as part of a 
number of studies since the extensive losses documented in 1986.  The methods used in both 
the present (2006) study and previous studies are described in the following section.  

2.1. 2006 Habitat Mapping 

2.1.1. Mapping 
Estimation of the coverage density of seagrasses in Princess Royal Harbour was carried out 
using a purpose flown aerial image captured in March 2006 by Andrew Halsall (Albany 
Camera House, Albany).  The image was captured using Nikon D2X 12.4 Mega Pixel camera 
Camera mounted on a bracket in the aeroplane door and checked for vertical alignment with 
a spirit level.  A polarizing filter was used to remove reflected light and improve contrast.  
Images were captured on two runs flying east to west over the harbour, and included the 
coastline (for geo-referencing).  A composite picture was prepared by stitching a series of 
smaller images, using the Canon stitch program (this program factors in distortion from angle 
of camera lens).  The ground pixel resolution, water penetration and rectification of the 
image were of average quality, with a positional accuracy of ±25 m.  A digital copy of the 
2006 DPI nautical chart WA 1083 was also obtained and rectified.   
 
Rectification of the composite image provided by Andrew Halsall was undertaken by Geotask 
Services Group, Albany.  The image was integrated into Microstation and a warping 
application referred to as ‘Helmert’ was applied to rectify the image.   
 
A habitat map was prepared from the rectified image by Oceanica Consulting Pty Ltd 
(Oceanica) using ArcGIS 9.1.  The study area was created using the DLI high water mark 
coastline from 2001 and the 5 m isobath on the DPI nautical chart, covering all of Princess 
Royal Harbour between the high water mark and -5 m depth.  The areas and density of 
seagrass meadows were approximated using visual changes in colour and pattern in the 
aerial image.  These were then stream-digitised to create polygons.  Areas within the study 
area that were too shallow for seagrass were digitised and classified as unvegetated.  In 
cases where the 2006 image did not provide suitable clarity, 2003 Department of Land 
Information (DLI) orthorectified imagery of Princess Royal Harbour was used.   
 
Designating areas as seagrass was often complicated by the presence of a great deal of 
wrack and floating macroalgae, which have a similar appearance to seagrass meadows in 
aerial imagery.  Ground-truthing was used to improve the estimation. 

2.1.2. Ground-truthing 
Field surveys of the distribution and density of seagrass cover were largely conducted in 
March and April 2006.  A 250 m grid aligned on easting and northing lines was overlain on 
the 2006 aerial photograph, and transects to be ground-truthed were identified as those at 
approximately right angles to bathymetric contours, and/or those where there were visible 
changes in habitat.  Transects were surveyed using a hand-held underwater video camera.  
Direct visual inspections were also made from a small boat in areas too shallow to deploy the 
video camera.   
 
The ground-truthing was used to validate and modify the polygons digitised using aerial 
imagery was undertaken by Geoff Bastyan & Associates and the DoW (Dr Vanessa Forbes).  
The degree of seagrass cover was classified as one of four categories of % seagrass cover, as 
shown in Table 2.1.  These % cover categories were chosen because they were consistent 
with those used in previous studies, thereby allowing comparison with earlier results. 

Table 2.1 Percent cover categories used for seagrass density mapping. 

1 75 – 100 % 

2 45 – 75 % 

3 15 – 45 % 

4 < 15 % 
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A meeting was held between Oceanica, Geoff Bastyan and Dr Vanessa Forbes on July 13 to 
confirm % seagrass cover in mapped areas.  Further fieldwork was undertaken by Geoff 
Bastyan the following week to confirm the seagrass cover in areas of uncertainty. 

2.2. Historical Habitat Mapping 
Areas of seagrass density and distribution were prepared for 1962, 1981, 1984, 1988, 1991, 
1992 and 1996.  Ground-truthing of seagrass cover was used to assist in 1981, 1984, 1988 
and 1996.  Habitat maps for 1962, 1981, 1984 and 1988 were prepared as part of the 
Environmental Protection Authority’s Albany Harbours Study 1988 - 1989 (EPA 1990).  The 
1991, 1992 and 1996 maps were commissioned by the DoW (then known as the Water and 
Rivers Commission).  The methods used are detailed below. 

2.2.1. Mapping 
The map of seagrass distribution for 1962 in Princess Royal Harbour is considered an 
idealized estimate, and was prepared based on the assumption that seagrasses were healthy 
and found throughout the harbour apart from a very small area of deep water close to the 
present Albany Port Authority berths.  This entire area was assumed to contain seagrasses at 
>75 % cover:  it was not ground-truthed. 
 
Aerial photography was used in most other cases to create seagrass distribution maps with 
varying degrees of accuracy.  However, in 1984 no aerial photographs were available.  In 
addition to aerial photography, in most years ground-truthing was carried out for verification 
purposes. 

2.2.2. Ground-truthing 
Details of ground-truthing exercises in relevant years are shown in Table 2.2.  In 1991 and 
1992, no seagrass ground-truthing was carried out and in 1981 the ground-truthing was 
affected by very low visibility.  Generally, ground-truthing in 1981, 1984 and 1988 involved 
visual observations by way of spot dives or swimming transects.  Ground-truthing in 1996 
involved a large number of manta tow transects.  The 1996 exercise was a far more 
extensive and comprehensive investigation than in other years, giving a more accurate 
result.   

Table 2.2 Details of ground-truthing exercises for seagrass habitat mapping in Princess Royal 
Harbour. 

Year 
Ground-
truthing 

Details 

1962 X Estimation 

1981 √ Very low visibility 

1984 √ Surveyed transects - abundant macroalgae 

1988 √ Surveyed transects 

1991 X n/a 

1992 X n/a 

1996 √ Manta tows – very comprehensive data. 

2006 √ Towed videos and visual observations. 

 

2.2.3. Information on historical seagrass cover generated for this report 
The historical data on areas of different % cover categories of seagrass could not be directly 
sourced.  Therefore, the maps of historical seagrass cover (Figure 3.3 - Figure 3.9) were 
scanned then rectified to the local DPI Albany Chart (2006) using six ground control points.  
Seagrass categories were digitised into polygons and attributed to the appropriate categories.  
These categories were the same as those described in Table 2.1, although on two occasions 
(1981 and 1996) a fifth category was used (<2 %). 
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3. Results 

3.1. 2006 habitat mapping, and estimated loss due to the protected 
harbour 

The aerial photograph used to estimate the coverage density of seagrasses in PRH in 2006 is 
shown in Figure 3.1.  The areas and density of seagrass coverage created using aerial 
photography and ground-truthing for 2006 are shown in Figure 3.2.  The figure indicates 
considerable seagrass coverage over all areas of Princess Royal Harbour that have water 
depths <5 m (relative to chart datum).  The deep areas adjacent to the Albany Port are 
devoid of seagrass, as are the very shallow areas and sand banks near the margins of the 
harbour.  Low density seagrass (<15 % coverage) was extensive, and present generally 
through the middle of the embayment.  Patches of dense seagrass (>75 %) were present 
along the margins, particularly in a large area of the NW corner.   
 
The protected harbour is expected to cause seagrass losses due to both direct and indirect 
effects, estimated as follows: 
 

• Direct loss of 0.1 hectare of dense seagrass and 0.9 hectare of sparse seagrass 
(<15 % cover) within the Protected Harbour due to dredging; 

• Direct loss of 0.05 hectare (<20 % cover seagrass) due to the breakwater footprint; 

• Indirect losses of 0.12 hectare (mostly <15 %) due to the ‘halo’ effect around the 
breakwater (assumed 15 m – 0.4 hectare for a [very] conservative 50 m halo).  The 
‘halo’ of bare sand next to the breakwater will develop due smothering due to 
longshore sediment transport adjacent to the breakwater, and/or bottom shear 
stresses due to wave shoaling and reflection in front of the breakwater.  This bare 
sand area or ‘halo’ is a feature that develops next to all natural rocks or artificial 
structures. 

 
Total potential losses are 0.1 hectare of dense seagrass and 1.07-1.35 hectare of sparse 
seagrass (depending on the extent of the halo effect). 
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Figure 3.1 Aerial photograph used to define seagrass distribution – Princess Royal Harbour, 
Albany, March 2006. 
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Figure 3.2  Seagrass distribution - Princess Royal Harbour, Albany, March 2006 
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3.2. Historical Changes in Seagrass Coverage (1962 – 2006) 
The estimated area and density of seagrasses in Princess Royal Harbour for 1962, 1981, 
1984, 1988, 1991, 1992 and 1996 are shown in Figure 3.3 through to Figure 3.9.  It is 
reiterated that the seagrass area shown for 1962 is an estimate, based on a (probably 
unrealistic) assumption of continuous dense seagrass cover (>75%) throughout the entire 
region. 
 
The area of seagrass meadows declined dramatically between 1962 and 1984, evident in 
Figure 3.4 (1981) and Figure 3.5 (1984).  Surveyed transects in 1984 and 1988 revealed 
reduction in seagrass canopy density and in some cases a complete loss of seagrass canopy 
as well as large accumulations of macroalgae (EPA 1990).  Between 1984 and 1988, although 
the total area of seagrasses increased, there was a further decline in dense seagrasses 
(>45 % cover), a slight increase in area of seagrass with density 15-45 % and a significant 
increase in areas of seagrass with density of <15 %.  After 1988, the total area of seagrass 
meadow started to increase, however these increases were attributed mainly to the lower 
density categories (<45 %).  In 1996, however, areas of dense seagrass meadows had 
increased markedly, accompanied by a total increase in area across all density categories.   
 
In 2006, the total area of seagrasses appeared to decrease, even though the area of dense 
seagrasses (>45 %) increased.  This apparent paradox is attributed to the differences in 
methods and level of effort used for ground-truthing in the 1996 and 2006 mapping 
exercises.  The 1996 effort involved manta tows with visual observations recorded by divers 
(who can make observations over a far wider field of view than a camera), and very intensive 
coverage of Princess Royal Harbour.  In 2006 the field surveys were undertaken by video 
camera (where observations are confined to a vertically fixed field of view), and involved 
about half the transects taken in 1996.  There remains a large amount of macroalgae cover in 
Princess Royal Harbour, and the underlying seagrass is often difficult to see, especially in 
areas of sparse seagrass coverage.  The intensity of effort and method of surveying used in 
1996 would have allowed better detection of these areas of sparse seagrass cover.  However, 
the level of effort in 1996 would also be prohibitively expensive for routine monitoring, hence 
the rationale to use a lesser level of effort—with standardised methods—in the 2006 survey. 
 
Due to the methodological differences in ability to detect areas of sparse seagrass, any 
apparent trends in areas of sparse seagrass cover between 1996 and 2006 must be viewed 
cautiously, especially as the changes are small.  For this reason, trends in areas of dense 
seagrass (>45% cover)—which are easier to map accurately—are probably a better indication 
of changes in conditions for seagrass growth between 1996 and 2006.   
 



 

Oceanica: LandCorp: Albany Water Project – Benthic Habitat Mapping 9 

 

Figure 3.3 Seagrass distribution - Princess Royal Harbour, Albany, 1962. 
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Figure 3.4 Seagrass distribution - Princess Royal Harbour, Albany, 1981. 
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Figure 3.5 Seagrass distribution - Princess Royal Harbour, Albany, 1984 
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Figure 3.6 Seagrass distribution - Princess Royal Harbour, Albany, 1988 
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Figure 3.7 Seagrass distribution - Princess Royal Harbour, Albany, 1991. 
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Figure 3.8 Seagrass distribution - Princess Royal Harbour, Albany, 1992 
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Figure 3.9 Seagrass distribution - Princess Royal Harbour, Albany, 1996. 
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3.3. Temporal trends 
Table 3.1 and Figure 3.10 show the estimated changes in density and areas of seagrass 
coverage from 1962 to the present.  The most significant decline occurred between 1962 and 
1984 where heavy nutrient loads and shading by large amounts of macroalgae resulted in 
extensive losses of seagrass (EPA 1990).  Taking into account the differing ability of the 1996 
and 2006 surveys to detect areas of sparse seagrass cover discussed earlier, it is concluded 
that since 1988 the total area of seagrass has steadily increased and there has been an 
apparent conversion of areas of sparse seagrass to denser seagrass.  Overall, better 
management of nutrient and contaminant inputs and seagrass habitat is assumed to have 
improved conditions for seagrass in Princess Royal Harbour since 1988.   

Table 3.1 Estimated changes in seagrass area (hectares) in Princess Royal Harbour, 1962 – 
2006 

Density 
of cover 

Area (hectares) 

 1962 1981 1984 1988 1991 1992 1996 2006 

>75% 2176.3 290.2 104.4 68.5 69 69.2 184.9 234 

45–75% 0 272.1 227.6 108.5 121.4 111.9 101.6 139.6 

15–45% 0 220.2 227.3 278 266.6 239.8 525.7 371.5 

2–15% 0 98.8 98.6 852.8 984.3 1021.4 842.5 783.6 

<2% 0 705.1 0 0 0 0 19.1 n/a 

Total 2176.3 1586.4 657.9 1307.5 1441.3 1442.3 1673.8 1528.7 
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Figure 3.10 Estimated changes in seagrass area (hectares) in Princess Royal Harbour, 1962 – 

2006 
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Distribution and Density of Seagrass in Princess Royal Harbour 
200603 
 
Projection : UTM50 
Datum : GDA94 
Access : Dual Oceanica and Department of Environment (now Department of Water). 
Commissioned by Landcorp Job 382 
 
Seagrass coverages as at 200603 generated from transects, sampling sites, 200603 aerial 
photo and oppurtunistic 
samples. NOTE that the attribution currently uses a different order and breakup compared to 
the 6 waterways 
commission tiles (1962 - 1992). For details of ground-truthing, see the Oceanica Seagrass 
Data report for PRH 2006. 
 
 
Oceanica Processing, Philip Kindleysides, 20060520 
 
1. A digital copy of the 2006 DPI nautical chart WA1083 was purchased and rectified. 
2. Purpose flown aerial imagery was captured on 20060327 using a local firm. Ground pixel 
resolution, water penetration and rectification of this 
image can only be qualitatively described as average. Geotask noted that there were some 
mosaicing issues and listed the positional accuracy of the image 
at plus or minus 25 metres. 
3. A study area was created using the dola hwm coastline from 20010228 and the 5m isobath 
on the DPI chart. This covered all of Princess Royal Harbour 
between the high water mark and -5m depth. 
4. Areas within this study area that dry or are too shallow for seagrass to survive, were 
digitised and attributed as "hole" or "unvegetated" in another dataset to be used for clipping. 
5. Using the 2006 imagery, visual changes in colour and pattern were identified and stream 
digitised to create polygons. Where the 2006 imagery 
did not provide enough clarity, the 2003 DLI orthorectified imagery over the area was used. 
Polygons digitised from the 2003 image are attributed as such. 
6. Neither aerial image could supply all the habitat information due to the presence of a great 
deal of wrack and floating macro algae that sat over areas 
of seagrass and non-vegetated areas alike. 
 
 
Oceanica Processing, Philip Kindleysides, Geoff Bastyn and Vanessa Forbes 
20060629 
 
1. Sat with Geoff and Vanessa Forbes and interpolated their ground-truthing (video and 
visual obs) transects to modify the polygons (and their attribution) digitised from the aerials 
above. In effect, the ground-truthing data was used to help Geoff and Vanessa interpret what 
they were seeing in the imagery. 
 
Breakup Used. 
1 = 75 - 100% 
2 = 45 - 75% 
3 = 15 - 45% 
4 = < 15% 
0 = 0 
 
The zero category is for areas that could support seagrass but had none to very little. During 
area calcs, this was considered to be the same as areas that do not support seagrass eg the 
spit. This is as per previous years where the maps show presence/absence of seagrass and 
for presence only, a density. Did not merge adjacent polygons of the same cover category so 
that Vanessa Forbes/DOE can add other classifications to the polygons eg species  
 
3. There were several areas in the west and around the Town Jetty that Geoff wanted to 
check in the field. He did so and sent an annotated hardcopy. This was used to change 
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several of the boundaries and attributes for areas that he and Vanessa were unsure of during 
step 1. The area directly west of the town jetty was an averaging out of some high res 
seagrass mapping that Geoff did in 200511. 
 
 
Oceanica Processing Philip Kindleysides 20060808 
 
1. Due to rapid digitising in the last round, rebuilt the dataset around the large "< 15" 
polygon in the center of PRH. This polygon was smoothed using a tool that replaced lines with 
Bezier Curves and a threshold of 1m max movement from the original vertex location. 
2. Set the streaming settings to a better value for the scale of 1:3500 and ran over the 
polygons again to clean them up. 
3. Finished the attribution and added a label field to avoid any confusion with the cover 
categories of 0-4. 
4. Ensured by visual inspection that the polygons had a high degree of attribute accuracy and 
topological integrity. 
5. Reclipped all polygons so that they were all inside the study area and reran hectare 
counts. 
 
 





 

 


