
Preliminary evaluation of an acoustic technique for mapping tropical seagrass habitats

~6. REFERENCES

Anonymous (1995). Automatic Detection and Mapping of Submerged Aquatic Vegetation 
the SAV Early Warning System (SAVEWS) - u.S. Army Engineer Waterways
Experiment Station Information Package, Vicksburg, MS. 3pp.

Chevillon, C. and de-Forges, B.R. (1988). Sediments and bionomic mapping on soft bouom
communities in the south-western lagoon of New Caledonia. Proceedings of the Sixth
Intemational Coral Ree/Symposium. Townsville, Australia. 2, 589-94.

Coles, R.G. and Lee Long, W.1. (1985). Juvenile prawn biology and the distribution of
seagrass prawn nursery grounds in the south-eastern Gulf of Carpentaria. In 'Second
Australian National Prawn Seminar, Cleveland.' (Eds P. P. Rothlisberg, D. J. Hill and D.
1. Staples.) pp. 55-60. (NPS2: Cleveland, Australia.).

Coles, R.G., Lee Long, W.J., Watson, R.A. and Derbyshire, K.J. (1993). Distribution of
seagrasses, and their fish and penaeid prawn communities, in Cairns Harbour, a tropical
estuary, northern Queensland, Australia. In 'Tropical Seagrass Ecosystems; Structure and
Dynamics in the Indo-West Pacific.' Australian Journal 0/ Marine and Freshwater
Research 44,193-210.

Collins, W. & Gregory, R. (1996). A Digital Approach to Seabed Classification. Sea
Technology. August 1996. pp 83-89.

Dall, W., Hill, B.1., Rothlisberg, P.c. and Staples, D.1. (1990). The Biology of the Penaeidae.
In Advances in Marine Biology Vol 27 (Eds., J.H.S. Blaxter and A.J. Southward).
Academic Press, London, San Diego. 489 pp.

Higginbottom,I., Hundley, A. and Pauly, T. (1995). A Desktop Study of Some Acoustic
Seabed Classification Systems. Unpublished report by Sonar Data Tasmania/Offshore
Scientific Ply Ltd. 21 pp.

Hundley, A. and Denning, K. (1994). Report on the Use of an Acoustic Method for Mapping
Seagrass Density and Location. Unpublished report by Offshore Scientific Pty Ltd,
Report No. 940401. 11 pp.

Hundley, A., Zabloudil, K. and Norall, T. (1994). A Review of Acoustic Applications for
Marine Resource Examination and Monitoring. In 'Proceedings of the Sixth Pacific
Congress on Marine Science & Technology, Townsville QLD. July 1994.'

Jones, AR. (1984). Sedimentary relationships and community structure of benthic crustacean
assemblages of reef associated sediments at Lizard Island, Great Barrier Reef. Coral
Reefs 3(2), 10 I-II.

Kuo, J. and McComb, A.J. (1989). Seagrass taxonomy, structure and development. In
'Biology of seagrasses: A treatise on the biology of seagrasses with special reference to
the Australian region: (Eds A.W.D. Larkum, A.1. McComb and SA Shepherd) Chpl.2.
pp.6-73. (Elsevier, New York).

Lanyon, J., Limpus, C.J. and Marsh, H. (1989). Dugongs and turtles: grazers in the seagrass
system. In 'Biology of seagrasses: A treatise on the biology of seagrasses with special
reference to the Australian region.' (Eds AW.D. Larkum, A.J. McComb and S.A.
Shepherd) Chp1.18. pp.610-634. (Etsevier, New York).

25



Preliminary evaluation 01 an acoustic technique for mapping tropical seagrass habitats

Lee Long, W.I., Mellors, J.E. and Coles, R.G. (1993). Seagrasses between Cape York and
Hervey Bay, Queensland, Australia. Australian Journal of Marine and Freshwater
Research. 44(1),19-31.

Lee Long, W.I., McKenzie, LJ. and Coles, R.G. (1996). Seagrass communities in the
Shoalwater Bay region, Queensland - Spring (September) 1995 and Autumn (April)
1996. Queensland Depanment of Primary Industries Information Series Q196042
(QDPI, Brisbane) 36 pp.

Long, B.G. and Poiner, I.R. (1994). Infaunal benthic community structure and function in the
Gulf of Carpentaria, northern Australia. Australian Journal of Marine and Freshwater
Research. 45 (3), 293-316.

MelJors, lE. (1991). An evaluation of a rapid visual technique for estimating seagrass
biomass. Aquatic Botany 42,67-73.

Short, F.T. (1987). Effects of sediment nutrients on seagrasses: Literature review and
mesocosm experiment. Aquatic Botany 27,41-57.

Somers, I.F. (1987). Sediment type as a factor in the distribution of commercial prawn
species in the Western Gulf of Carpentaria, Australia. Australian Journal ofMarine and
Freshwater Research. 38,133-149.

Somers,I.F. (1994). Species composition and distribution of commercial penaeid prawn
catches in the Gulf of Carpentaria, Australia, in relation to depth and sediment type.
Australian Journal ofMarine and Freshwater Research. 45 (3), 317-35.

Urick, R.I. (1983). Principles of Underwater Sound. 3rd Edn. Mcgraw-Hill, New York. 423
pp.

Watson, R.A., Coles, R.G. and Lee Long, W.J. (1993). Simulation estimales of annual yield,
and landed value for commercial penaeid prawns from a tropical estuary, northern
Queensland, Australia. Australian Journal of Marine and Freshwater Research 44(1),
211-219.

26



Preliminary evaluation of an acoustic technique for mapping tropical seagrass habitats

~APPENDIX 1. DETAILS OF THE ACOUSTIC TECHNIQUE

Acoustic surveying

In these trials, acoustic survey transects were repeated (approx. 9 times) in each survey area to
ensure adequate coverage of the survey areas and to allow for some redundancy of data.
Seagrass and sediments were surveyed acoustically using two echo-sounding systems: a
conical beam transducer and a fan beam transducer. Combinations of the character and
amplitude of the recorded echoes and the geometry of the transducer output provided 3
interpretations of the acoustic data - broad habitat mapping (fan beam), seagrass density
estimation (conical beam at grazing angle of approximately 10 degrees) and sediment type
(conical beam).

Two transducer rigs can be used: I) fixed transducer "mounted over the side" of the vessel,
and 2) transducer attached to a towfish, towed a fixed distance behind the vessel. Minimum
water depths acceptable for both rigs is approximately 0.7 m. The acoustic system emits high
frequency (420 kHz) pulses of sound which, after reflecting or scattering from sediments or
seagrass, return to a receiver to be recorded digitally. The geometry of the interaction
between the acoustic beam and the environment was later used to calculate the mapping
position and strength of each relUmed signal (see below: Processing of Digital Data).
Echosound data was recorded on two systems: a) as a real-time hardcopy printout on an EPe
9800 Thennal Chart Recorder and b) stored to a computer hard disk.

All acoustic data was tagged with Universal Time data and linked to dGPS data which was
collected simultaneously. Geographic position of the transducer and all acoustic data was
calculated using the geometry of transducer and acoustic signals relative to the GPS antenna.
Each acoustic technique used is described below.

Mapping seagrass habitat boundaries

The fan beam system was used for broad habitat mapping to obtain seagrass habitat
boundaries. This technique uses a beam of sound that is very narrow in the horizontal plane
(2°), and wide in the vertical plane (60° to 90°). This geometry has the effect of a sonar
"sweep" of a seafloor area typically I metre wide by 70 metres long in a direction
perpendicular to vessel track. The methods used here are described by Hundley et al (1994)
and technical details of scanning sonars are discussed by Urick (1983).

Fan beam outputs provide an "acoustic map image" of the environment, which include
seagrass and any other seafloor features. These acoustic map images are made up of colour
contours representing decibel levels of the echo signal from the environment. Processed
acoustic data in map fonn is only semi-quantitative and requires background knowledge and
experience to interpret. Interpretation of the acoustic image requires monitoring the depth
sounder on board the survey vessel and interpreting unusual features in the raw data from the
fan beam sonar. Processing and interpreting the fan beam data involve the following steps.

J) Examination of raw data and log notes taken during data collection

All features in the raw data are examined and log notes on depth, bottom topography and
other visible seabed features are used to identify the location of features such as piers,
seawalls, rock outcrops and even seagrass beds.
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2) Processing 0/digital data

The digital data (recorded on hard disk) is (or pooled) into areas ("bins") of approximately 3
metres by 3 metres square. This data then has a "transmission loss" correction applied to it to
remove effects of signal reduction with distance. This correction equalises the signal strength
so that a given target, for example, at a distance of 40 metres (for example) will have an equal
backscatter strength as that same target at 5 metres. These "bins" are then merged with
navigation/positioning data to yield a X and Y coordinates for each bin. Each bin therefore
has a X, Y and Z coordinate. with the X and Y coordinates as spatial and the Z coordinate as
the "backscatter strength" of that bin.

3) Acoustic Image / Map generation

"SURFER" software is used to generate an acoustic contour image with the X, Y and Z
coordinate data mentioned above. This geo-eoded data can be presented in any image fonnat,
using contours, colours or surface plots to represent the decibel strength for each bin area.

4) Interpretation ofMap Image

Interpretation of the map image requires examination of the raw data and any significant
auxiliary information on bathymetry and other seabed features identified in Step 1. This
process requires background technical knowledge and experience with acoustidechosounding
data and is similar to interpretation of aerial photographs. Seagrass biomass or seagrass
density data, obtained from ground-truth sampling, is used to verify the interpretation of this
acoustic (remote sensing) data. This interpretation yields seagrass bed (habitat) boundaries
by idemifying areas with seagrass against areas with no seagrass (bare substrate).

This method does not yield information on seagrass or algae species composition or other
factors such as abundance of epiphytic algae. This infonnation must be derived from ground
truth sampling.

Mapping Sediment type

Several acoustic techniques are available for mapping sediments (Higginbottom et al. 1994).
Urick (1983) outlines basic technical aspects of acoustic-sediment interactions. The strength
of the recorded acoustic signal is influenced by the grain sizes of the sediment within the
sound beam footprint (ie., larger grain sizes, including coarse sands, reflect at a higher decibel
frequency). Two techniques were attempted in these trials. The (downward·looking) vertical
conical beam technique uses a narrow conical beam of sound (similar to a flashlight beam)
projected at a fixed angle of 90°. Echo strength data is collected from the first and second
bonom echoes. Comparison of these two echoes yields infonnation on sediment type
(Collins and Gregory 1996). Calibration of the acoustic data (with sediment data obtained
from grab samples) is necessary for accurate description of the range of sediment types found
during a given survey. Collection and processing of acoustic data for sediment mapping with
the vertical (90°) incidence technique includes the following steps.

J) Data collection

Acoustic echo infonnation from the seafloor is collected at intervals of approximately I metre
along the survey transect, and is recorded to hard disk.
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2JData processing/display

Acoustic data is processed and merged with the positioning data. These values are averaged
for each 5-10 m interval are then reduced to decibel levels. and the averaged data are tested
against ground·truth data.

The 45° conical beam t&hnique (with the conical beam sonar as described above projected
at 45° downward) relies on the backscatter strength (at 45° incidence) to be an indicator of
sediment type as described in Urick(1983). The technique involes:

IJData Collection

The acoustic backscatter from the sediment is recorded to hard disk at approximately I metre
interVals along the survey transect.

2)Dala Processing / Display

The recorded echo strength from the 45° sediment acoustic backscatter is isolated and a
moving average function may then be applied to the data which acts as a smoothing operator.
This operation has the effect of averaging the backscatter on a scale of between 5 and 10
metres, and reduces any possible effects of transducer motion and seabed topography. This
sediment indicator is then reduced to a decibel level. The acoustic sediment indicators are
then merged with the positioning data and these data are calibrated to ground-truth data.
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