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SUMMARY
The Gippsland Lakes are situated in South Eastern Australia and are one of the largest
estuarine systems in Australia. The Lakes cover an area of approximately 366 km2. The
Lakes feature extensive seagrass meadows which are an ecologically significant marine
habitat, serving as a nursery area for juvenile marine fauna as well as providing food and
shelter. Four species of seagrass have been identified within the Lakes, they are Zostera
muelleri, Heterozostera tasmanica, Ruppia spiralis, and Lepilaena cylindrocarpa. The
depth at which seagrass grows is limited by the availability of light penetrating the water
column and reaching the lake floor.
The objectives of the project were addressed in two parts:
• PART A - An assessment of Seagrass Changes in the Gippsland Lakes through a review
of historic aerial photographs.
The pattern of change that emerged from the assessment of historical aerial photographs is
one of continual fluctuations in the level of seagrass cover. An overall peak in seagrass
cover for the Gippsland Lakes occurred in the late 60’s as well as when this survey was
conducted, 1997. In the mid 80’s seagrass cover was at its lowest for the years examined.
There is evidence to suggest that fluctuations in seagrass distribution occurred between the
highs and lows. The pattern of change in seagrass is not entirely consistent across the
Lakes with some notable variations. The assessment of aerial photography highlights
factors which need to be considered if seagrass sampling points are selected to be
representative of seagrass changes throughout the Lakes. While it appears that an overall
pattern of seagrass variation can be observed for the Lakes, this pattern appears to display
some regional differences.
• PART B - An assessment of the spatial distribution of seagrass in the Gippsland Lakes.
Aerial photography was chosen as the most effective method of remotely sensing the spatial
extent of seagrass meadows at the pre-determined scale of 1:10,000. It was essential that
the photography was taken when optimum conditions existed to maximise light penetration.
Cloud free days following a period of calm weather with low rainfall were the primary
considerations. In order to gain a further insight into the environment and to verify the
aerial photograph interpretation a semi-submersible survey vessel was employed to
undertake an extensive field survey the Gippsland Lakes.
All data collected in this survey was entered into a Geographic Information System where,
the total area of individual species of seagrass was quantified and the precision of accuracy
calculated.
The depth distribution of seagrass within the Lakes system seems to be within the 0 to 2.5
metre depth range, but generally seagrass is only encountered in water less than 2 metres
deep.
The distribution of epiphytic algae within the seagrass meadows seem to be confined to
areas with low energy and relatively little tidal flow. High energy marine environments have
a flushing effect on vegetation keeping them clean and limiting the settlement of epiphytic
algae.

Marine and Freshwater Resources Institute - Page i

Victorian Habitat Database : Seagrass Assessment - Gippsland Lakes

The distribution, density, length, and condition of seagrass within the Gippsland Lakes
seems to be highly variable. There appears to be a number of contributing factors to these
variations most of which change seasonally. Daylight hours, sunlight intensity, input from
adjacent catchments and the species which feed and live amongst the seagrass are just some
of these factors.
At the time of the survey approximately 8.5% of the total area of the Gippsland Lakes
substrata was vegetated with seagrass. Most of the seagrass within the Gippsland Lakes
exists east of Sperm Whale Head. With the vast majority occurring along the nearshore
areas of Lake King. While 78% of the seagrass was devoid of excessive epiphyte growth,
28% had filamentous algae adhering to the leaf fronds. Of the main species of seagrass
growing in the Gippsland Lakes Heterozostera tasmanica and Zostera muelleri account for
66%, while Ruppia spiralis accounts for less than 1%, 31% of seagrass meadows are
comprised of a mixture of these species, while the remaining 2% was unidentified.
Further monitoring along with continuing research into the status of other environmental
variables within the Gippsland Lakes will provide a broader understanding of changes
occurring within this significant marine ecosystem. This will assist in providing information
relating to the variations in health and changes in the spatial distribution of seagrass
meadows so that management advice can be provided.

Important Note on Seagrass Species Definition
The two species of Zosteraceae observed in Western Port; Heterozostera tasmanica
and Zostera muelleri, cannot be differentiated by the remote sensing techniques
employed in this study and have been grouped into a single generic category of
“Zostera”. As a result, all references to “Zostera” in this report include both
Heterozostera tasmanica and Zostera muelleri.
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1. INTRODUCTION
This project was undertaken by the Marine and Freshwater Resources Institute (MAFRI)
for Fisheries Victoria, Department of Natural Resources and Environment (NRE). The
project has two parts:
Part A: An Assessment of Seagrass Changes in the Gippsland Lakes Through a
Review of Historic Aerial Photographs
Part B: An Assessment of the Spatial Distribution of Seagrass in the Gippsland Lakes
1.1 The Gippsland Lakes
The Gippsland Lakes are one of the largest inland waterways in Australia. They are
situated in south eastern Australia, in the state of Victoria and cover approximately 366 km2
(Figure 1.1). They are an estuarine system that were separated from the sea by the
deposition of successive sandy barriers in stages during the Pleistocene and Holocene,
interspersed with enclosed lagoons and swamps.
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Figure 1.1: Locality Map
The Lakes are quite shallow, maximum depths being 6 m in Lake Wellington, 9 m Lake
Victoria, 10 m in Lake King and 7 m in Reeve Channel (Bird, 1978). Five major rivers
systems drain into the lakes from a combined catchment area of approximately 20,000 km2
(Bird, 1993). The outer barrier is bordered by the Ninety Mile Beach, which consists of
sandy sediment having been derived from the continental shelf (Thom, 1984).
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During the past 6000 years the Gippsland Lakes have been re-shaped by the growth of
deltas around the mouths of inflowing rivers, by erosion of lake shore embayments,
accretion on intervening spits and by the encroachment of reed swamp vegetation.
Originally a natural entrance existed, this varied in position, width and depth and was at
times completely sealed off by sand deposition. An artificial entrance was completed in
1889 and as a consequence considerable changes to the ecology of the Lakes have
occurred. Changes in salinity, oxygen and temperature levels have resulted in a change of
faunal species composition and in the presence and distribution of aquatic flora, including
seagrass and reeds (Bird, 1993).
2. SEAGRASS IN THE GIPPSLAND LAKES
Seagrasses are not true grasses, nor are they algae. Seagrasses are flowering plants, their
internal structures, pollination mechanisms and fruit dispersal tactics all show particular
adaptations to a completely aquatic existence. Seagrasses have extensive horizontal
underground stems (rhizomes) and strong roots that anchor the plant to the soft bottom.
The roots absorb nutrients, but do not take up water. To cope with living in oxygen-poor
mud, seagrasses have evolved air canals that carry oxygen from the leaves to the buried
rhizomes and roots. Erect branches and leaves grow off the buried stem. The leaves have a
thin skin that allows efficient nutrient and gas uptake from the water (Lloyd, 1997).
Seagrasses are photosynthetic plants that require sunlight to provide energy for their
growth. Absorbing light is a major function of the leaf blade. The leaf has a thin layer of
green pigment cells specially adapted to capture light. Typically, seagrass meadows are
found in water depths of 2-12 metres, where sunlight intensity is greatest and therefore
seagrass growth is highest. The photosynthetic activity of seagrass beds is so great it can
cause significant changes in oxygen, carbon dioxide and acidity levels of the surrounding
water (Lloyd, 1997).
Seagrasses are the colonisers of unstable mud, silt and sand substrates in estuaries, where
they can withstand the movement of the water and waves as they are anchored firmly by
rhizomes and true roots (Ducker et al., 1977).
There are 55 species of Seagrasses in the world, 25 occurring in Australia and four species
have been identified within the Gippsland Lakes: Zostera muelleri, Heterozostera
tasmanica, Ruppia spiralis, (see Figure 2.1) and Lepilaena cylindrocarpa. From time to
time a filamentous algae adheres and grows on seagrass, especially in areas where wave
action or exposure to prevailing south westerly winds is negligible. Epifauna growing on
the two species of Zostera are invertebrate tube worms.
The distribution of seagrass within the Gippsland Lakes has varied significantly throughout
this century. Natural events have caused either an increase or decrease in the abundance
and distribution of the species of seagrass meadows.
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Figure 2.1
Seagrasses of the Gippsland Lakes

Heterozostera tasmanica
Heterozostera tasmanica is widely distributed
throughout the Gippsland Lakes and grows in
sheltered and moderately exposed sand and silt to
a depth of 2.5 metres. Leaf lengths of up to 1.5
metres were recorded. Heterozostera tasmanica
has an almost identical leaf shape to Zostera
muelleri, which is also found in the Gippsland
Lakes. It can sometimes be separated from other
species on the basis of its branching pattern, with
the leaves having dark wiry bases that arise
vertically from the rhizomes, whereas the leaves
of Zostera species are often curved parallel with
sediment near their bases (Edgar, 1997).

Heterozostera tasmanica (source G. Edgar)

Zostera muelleri
Zostera muelleri is widely distributed throughout
the Gippsland Lakes and grows in sheltered and
moderately exposed sand and silt to a depth of
2.5 metres. Leaf lengths of up to 600 mm were
recorded. Zostera muelleri has at least two roots
at each node: the leaf apex is usually notched in
the center, and the leaf blade has three
longitudinal veins. The only reliable way to
separate these two species of Zostera is to observe
a cross-section of the rhizome with a hand-lens
or microscope. Heterozostera tasmanica has four
to twelve vein like vascular bundles arranged in a
circle, whereas Zostera species have only two
(Edgar, 1997).

Zostera muelleri (source G. Edgar)

Ruppia spiralis
Ruppia spiralis is widely distributed throughout
the Gippland Lakes but is usually found in
amongst the Zostera meadows, it grows to a
depth of 2.5 metres. Ruppia spiralis is a robust
perennial species that tolerates a wide range of
salinities and can occur in both freshwaterdominated estuaries and coastal lagoons where
salinities greatly exceed marine conditions. The
species has erect stems that are very long, narrow
(0.5-2 mm in diameter) and branched. The leaf
blades arise from short sheaths at the end of the
branches and are 50-200 mm long with an
indented tip (Edgar, 1997).
Ruppia spiralis (source G. Edgar)
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2.1 Seagrass as a Marine Habitat
Seagrass is an ecologically significant marine habitat, it serves as a nursery area for juvenile
marine fauna as well as providing food and shelter. Seagrasses are highly productive and
provide substratum for algae and small animals, which also provide significant food sources
for other organisms. The seagrass canopy reduces wave current velocities, thereby
reducing erosion and enhancing sedimentation on the sea bed (Hastings, 1995).
The density of animals in the Gippsland Lakes diverges widely from that reported for other
Australian estuaries. On three sites surveyed by Poore in 1982, the density average was
20,000 - 25,000 individuals per square metre. The species recorded exhibited a wide range
of feeding habits (filter feeders, grazers, detritivores) for which the seagrasses and its
epiphytes provide habitats in the leaves and sediments (Poore, 1982). Seagrass also
provides food for swans and some vegetarian fish species while actively producing small
amounts of nutrients required by other coastal plants and animals. Decaying seagrass leaves
provide food for bacteria, worms and crabs. (Lloyd, 1997).
Small animals and plants shelter in the seagrass leaves, receiving protection from predators,
and from excessive sunlight, or temporal changes in salinity and temperature. Fast water
movement is also reduced considerably within seagrass meadows, creating a well-protected
home for its inhabitants.
Seagrass meadows provide breeding areas for many fish as well as food and protection.
Juvenile fish dependent on seagrass within the Gippsland Lakes include mullet, tailor, bream
and flathead.
2.2 Changes in Seagrass Distribution
The distribution of seagrass meadows in the Gippsland Lakes is extremely dynamic. There
are many environmental parameters, some human induced others natural, that may influence
the health and consequently the coverage of seagrass. Eutrophication, suspended
sediments, chemical outfall, oil spills, sewerage effluent, salinity levels and epiphytes are
major causes for the continuing change in the distribution of seagrass meadows. Swans and
some fish species, such as carp can also influence the distribution and density of seagrass.
2.3 Eutrophication
Eutrophication is the product of high nutrient loads entering the marine environment,
usually from waste water discharged from sewerage treatment works and run off from
phosphate-fertilised agricultural land. High concentrations of nutrients cause blooms of
algae. Seagrass plants are shaded by these algal blooms, which may be opportunistic
phytoplankton or macroalgae attached to the seagrass plants (epiphytes).
The seagrass can also be shaded by high sediment loads in the water column, usually caused
by run off from newly cleared land or from dredge-spoil. This shading reduces the growth
rate of seagrass. Eventually the shading becomes so heavy that the plant cannot
photosynthesise as rapidly as respire. At this stage, the plant’s metabolism is below
compensation and it uses its reserves of storage products. Once these have gone, the plant
will die (Kirkman, 1995).
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2.4 Light Climate
The absorption of photosynthetically active radiation in natural waters influences aquatic
plant growth. The attenuation coefficient of vertical light diffusion can be calculated for any
depth (assuming exponential attenuation) and the effect of each light-attenuating
components, Chlorophyll a, concentration of suspended solids, and concentration of Gilvin
(dissolved organic material), can be assessed. The absorption of light in the water column is
a standard coefficient calculated for pure water (Morel and Prieur, 1977).
A study by Hickman et al. (1984) in the Gippsland Lakes determined that variation in light
climate within the Gippsland Lakes occurred spatially and temporarily. Data collected
indicates that waters relatively far from the sea attenuate light more strongly than waters
close to the sea. Significant variation of light attenuation also occurred seasonally
(Hickman et al., 1984). Increased turbidity and sedimentation, phytoplankton blooms and
enhanced nutrient input from the land reduces the depth of seagrass growth (Abal &
Dennison, 1996).
2.5 Salinity Levels
Salinity levels are not independent of position or depth. Results of a study conducted by
Allardice et al. (1974), concluded that salinity levels are higher close to the entrance of Bass
Strait and are lower further west. Salinity levels are higher at depth due to any freshwater
run off lying on top of the denser saline water. In the Lakes, seagrass biomass is greatest
where salinity rarely falls below 25%, which is generally east of Loch Sport, (Poore, 1982).
2.6 Pollution
Seagrass roots can concentrate heavy metals then pass them up the food chain, leading to
many animals being poisoned (Lloyd 1997). Oil spills can damage seagrass by directly
poisoning or smothering the plants. Oil droplets can attach themselves to sediments which
makes them buoyant and induces erosion of the substrata that the seagrass is growing on
(Lloyd, 1997).
2.7 Boating
Damage to seagrass meadows by boats is also common, anchors and anchor chains from
boats pull up seagrass, and boat propellers tear out plants (Lloyd, 1997).
3. PREVIOUS STUDIES
The existing literature and research on aquatic vegetation in the Gippsland Lakes is limited
with the main studies having been undertaken by Ducker et al. (1977) and Rigby (1984).
Other relevant studies have been undertaken by Axelrad and Bulthuis (1977), Arnott
(1983), Ramm (1986) and Poore (1982), while Strong and Malcolm (1996) present an
overview of the aquatic environment in the Lakes. The literature search failed to find any
previous studies or reports that had attempted to map or quantify historic seagrass changes
in the Gippsland Lakes.
The study undertaken by Ducker et al. (1977) was the first to systematically sample the
Lakes and record its benthic and planktonic flora. Ducker et al. (1977) sampled aquatic
vegetation at 138 sites across the Gippsland Lakes between mid-September and midDecember in 1976 as part of a Ministry for Conservation environment studies program for
the region. Spermatophyta (seagrasses) and larger benthic algae were found to be the most
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conspicuous aquatic plants in the Gippsland Lakes. It is this range of plants which can be
observed to varying degrees in aerial photography.
Ducker et al. (1977) found three genera and four species of seagrass in the Gippsland Lakes
(including Lake Tyers) consisting of Ruppia spiralis, Lepilaena cylindrocarpa, Zostera
mucronata and Zostera muelleri. The Zostera species were the most widespread being
found in 38% of the sampling points, while Ruppia and Lepilaena which thrive in lower
salinity water than Zostera were found in 22% and 9% of the sites respectively. At all
sampling points where seagrass was found it formed extensive underwater meadows. No
seagrass species were recorded in Lake Wellington.
While the distribution of the seagrass species was not mapped by Ducker et al. (1977) the
relative distribution of each of the species is noted. Zostera muelleri was found across most
of the Lakes system and mostly in Jones Bay, Lake King, Bunga Arm and Lake Tyers while
Zostera mucronata was mainly found in the western end of Lake Victoria. Ruppia was
found across the Lakes, but mostly in Lake Reeve, western Lake King, Bunga Arm and
Lake Tyers. Lepilaena was only found in western Lake Reeve and Lake Tyers.
As well as the seagrasses, two phyla of algal macrobenthos, Chlorophyta (green algae) and
Rhodophyta (red algae) were also identified in the Lakes by Ducker et al. (1977).
Chlorophyta was the major algal macrobenthos both in terms of abundance and diversity in
the Lakes. The genus Cladophora was particularly plentiful in the Lakes being found at
over 30% of the sampling points and across many different conditions. The species of
Cladophora are green algae with the young plants attached to the substrate, while older or
mature plants are frequently free-floating or entangled on the surrounding vegetation.
The most widespread red algae species found in the Lakes was Gracilaria verrucosa, which
occurred in 48% of the sampling points. It was particularly common in Lake Victoria and
Lake King where it formed a large percentage of the biomass. Gracilaria is epilithic or
anchored in the sand; when it is dislodged it becomes intertwined amongst other algae and
seagrasses (Ducker et al., 1977). Other algae including the genus Polysiphonia and
Ectocarpales were also present in the Lakes but these other genera only represent a small
proportion of total biomass or cover.
Rigby (1984) utilised 1:20,000 colour aerial photography from 1976 in conjunction with
groundtruthing to produce the first detailed map of the distribution and density of
macrophytes in the Gippsland Lakes. Rigby (1984) found that seagrass occurred in most
parts of the Gippsland Lakes east of McLennans Strait in water depths less than 3 metres.
The macrophyte biomass consisted almost entirely of the seagrasses Zostera muelleri and
Ruppia spiralis.
The Gippsland Lakes support the second most important commercial estuarine fishery in
Victoria, after Port Phillip Bay and the role of the seagrass meadows as fishery habitat is
outlined by Strong and Malcolm (1996).
A major contributing factor to the food web in the Gippsland Lakes is composting seagrass,
which consists of shed fronds that are broken down by micro organisms. The accumulation
of this organic material and the large surface area provided by the seagrass fronds supports
the growth of epiphytic diatoms, algae and sessile invertebrates, which in turn support the
growth of large numbers of polychaetes, crustaceans and molluscs (Strong and Malcolm,
1996). The abundance of these prey species in the seagrass meadows of the Gippsland
Lakes are amongst the highest in the world - 20,000 to 25,000 individuals per m2 (Poore,
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1982). These species make up a large part of the diet of many fish in the Gippsland Lakes
and are particularly important in the diet of larval fish (Strong and Malcolm, 1996).
At least 29 species of estuarine resident fish use the Gippsland Lakes as spawning and
nursery grounds, including five species of economic significance (black bream, yellow-eye
mullet, dusky flathead, southern sea garfish and luderick). Two marine resident species of
commercial significance; sandy sprat and southern anchovy, also use the estuary as a
nursery ground. Most species utilise the seagrass as both a source of prey species for their
young and also for shelter. Seagrass meadows provide a suitable substrate for the
deposition of eggs and a habitat for larvae immediately after hatching. They provide a
relatively stable environment for larval fish as the fronds lessen water turbulence and reduce
the strength of currents as well as provide cover from excessive solar radiation (Strong and
Malcolm, 1996).
The dependence of black bream on seagrass in the Gippsland Lakes was dramatically
illustrated between the 1920s and 1950s when seagrass almost completely disappeared from
the entire Lakes system (Strong and Malcolm, 1996). The loss of seagrass was matched
with a decline in the commercial catch of black bream from a high of 352 tonnes in 1919 to
an all time low of 12 tonnes in 1958 (Strong and Malcolm, 1996). The loss of seagrass
would have undoubtedly have had an impact on the number of bream surviving to
adulthood as young bream depend on the grass for shelter and the abundant food it
harbours (Malcolm, 1995).
The cause of the seagrass decline between the 1920's and 1950's is not clear. One
suggestion is that excessive numbers of crabs, during this period, contributed to the decline
of seagrass due to their habit of snipping off fronds while feeding on the small epiphytic
animals (Malcolm, 1995). This theory has not been proven and it is unclear whether
excessive numbers of crabs were a symptom of the underlying causes of the seagrass loss.
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PART A: AN ASSESSMENT OF SEAGRASS CHANGES IN THE GIPPSLAND
LAKES THROUGH A REVIEW OF HISTORIC AERIAL PHOTOGRAPHS
1. INTRODUCTION
This report presents the results of an assessment of seagrass changes in the Gippsland Lakes
from a review of historic aerial photographs.
2. STUDY OBJECTIVES
The aims of this stage of the study are to:
•

attempt to detect historical changes in seagrass meadows in the Gippsland Lakes
through an examination of historic aerial photography, and,

•

to provide information to assist in identifying potential representative sampling sites
for ongoing monitoring of the status of seagrass in the Gippsland Lakes.

The study also provides an indication of the state of the seagrass mapped in detail during
1997 relative to other years.
3. METHODOLOGY
The study involved completing the following tasks:
•
•
•
•
•

Review of existing literature and research on seagrass in the Gippsland Lakes.
Identification of potential monitoring sites.
Identification and acquisition of historic aerial photographs.
Qualitative assessment and comparison of historic aerial photographs for each site.
Assessment and review of study techniques.

4. SELECTION OF STUDY SITES
The selection of potential sites for this study was undertaken through an assessment of
existing reports (particularly the macrophyte mapping undertaken by Rigby (1984)), an
examination of 1:10,000 colour aerial photography from 1984, consultation with regional
staff of NRE and through qualitative field observations. On the basis of this assessment 12
sites were selected representing all the likely seagrass environments found within the Lakes.
The selected sites are listed below and their location is shown in Figure 4.1:
•
•
•
•
•
•
•
•

Toorloo Arm, Lake Tyers
Fraser Island
Baxter Island
Swan Reach Bay, Lake King
North West Jones Bay
Point Fullerton, Lake King
Point King, Raymond Island, Lake King
Banksia Peninsula, Lake Victoria

Marine and Freshwater Resources Institute - Page 8

Victorian Habitat Database : Seagrass Assessment - Gippsland Lakes

•
•
•
•

Gorcrow Point - Steel Bay, Lake Victoria
Thalia Point, Lake Victoria
Loch Sport, Lake Victoria
Waddy Island, Lake Victoria

The above sites extend across the Lake system from Reeve Channel to the western end of
Lake Victoria. The Toorloo Arm site in Lake Tyers was selected to provide a useful
comparison with the Lakes as Lake Tyers has a relatively undisturbed forested catchment.
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Figure 4.1: Historic Aerial Photography Study Sites
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5. HISTORICAL AERIAL PHOTOGRAPHS
In order to identify the available historic aerial photographs for the Gippsland Lakes a
search was undertaken utilising the aerial photograph database maintained by the Central
Plan Office (CPO) of the Office of the Surveyor General. Aerial photograph run map index
sheets for the region were also checked to ensure that all the available photographs had
been identified.
The search of the CPO database found that the earliest aerial photographs for the Gippsland
Lakes were flown in the Lakes Entrance area in 1959. The earliest series of photographs
which gave an almost complete coverage of the Lakes were flown in 1969 and since this
time photographs covering most of the Lakes have been flown in 1976, 1979, 1984 and
1988-89. Other photograph runs covering only sections of the Lakes have also been flown
in different years since 1959. Colour aerial photography flown on 21/6/97 at a scale of
1:20,000 specifically for Stage 2 of the Gippsland Lakes Seagrass study was also available.
Photography at scales of greater than 1:25,000 flown in 1977 and 1986 (1:50,000) and
1990 (1:40,000) for various regions of the lakes are also available but the resolution of
these photographs were considered to be too low for interpreting seagrass.
Having identified the relevant historic aerial photography for the Lakes, specific
photographs for each of the study sites listed above were identified and assessed in terms of
their quality and clarity for interpreting seagrass. A summary of the available aerial
photography for each of the selected study sites is given in Table 6.1. Full details of each of
these photographs and an assessment of the quality of the photographs for interpreting
seagrass distribution is given in Attachment 1.
Following an assessment of the aerial photographs available for the initial 12 study sites
only 5 of these sites were found to have photographs of suitable quality, at appropriate time
intervals and over a sufficient time period to assess changes in seagrass. These sites are
(Figure 4.1):
•
•
•
•
•

Fraser Island
Point Fullerton, Lake King
Point King, Raymond Island, Lake King
Gorcrow Point - Steel Bay, Lake Victoria
Waddy Island, Lake Victoria

While the Swan Reach Bay site had suitable photographs it was ruled out as there was little
actual seagrass at the site and field assessments revealed that it typically features areas of
drift seagrass that accumulates in sand ridges on the bed of the Lake. This drift seagrass
can be deceptive as it appears to be dense beds of healthy seagrass on the aerial
photographs.
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6. STUDY SITES
Historic aerial photographs for the five sites outlined in the previous section were acquired
from QASCO-VicImage and are listed in Table 6.1. The photographs are presented for each
site in the following sections and have been changed to a common scale of either
approximately 1:10,000 or 1:15,000. A qualitative comparison of the historic photographs
is also presented in the following section.
Table 6.1: Aerial photographs presented for the study sites (photographs are indicated by
shaded cells).
Aerial
Photograph
1959 B/W
1:12,000
1966 B/W
1:12,000
1968 Colour
1:7920
1969 Colour
1:15,840
1975 B/W
1:13,000
1976 Colour
1:25,000
1979 B/W
1:10,000
1984 Colour
1:10,000
1986 B/W
1:12,800
1989 Colour
1:25,000
1997 Colour
1:20,000

Fraser Island

Point
Fullerton

Point King

Gorcrow
Point

Waddy
Island

It can be seen from Table 6.1 that aerial photographs are available for each of the final five
study sites for the years 1969, 1976, 1984 as well as those recently flown in 1997.
Photographs for most of the sites are also available for 1979. Photographs from the other
years have been included to highlight seagrass changes evident at specific sites and to
provide a more complete record.
All aerial photographs reproduced in this report prior to 1997 are Crown (State of Victoria)
Copyright. Reproduced with permission of Land Victoria, Department of Natural
Resources and Environment. Aerial photographs from 1997 are copyright of QASCO Pty
Ltd and have been reproduced with their permission.
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6.1 Fraser Island
Fraser Island is located south of Reeve Channel between Flannagan Island and Rigby Island.
The area around Fraser Island features a channel separating it from Rigby Island while
shallow sand banks extend from its western shore and continue along the southern shore of
Flannagan Island. Of all the sites selected for this study, the historic aerial photographs
available for Fraser Island span the greatest period of time. The available photographs
which are suitable for interpreting seagrass were flown in 1959, 1968, 1969, 1975, 1976,
1984, 1986 as well as those flown in 1997 (Figures 6.1a-6.1h respectively).
The initial photograph for Fraser Island was flown in 1959 (Figure 6.1a) and is significant as
no seagrass can be observed in any of the subtidal or intertidal areas around the Island. This
is consistent with the reports of an almost total loss of seagrass in the Lakes between the
1920s and 1950s (Strong and Malcolm, 1996). By 1968 (Figure 6.1b) an almost complete
recovery of the seagrass beds around Fraser Island can be observed. A dense coverage of
seagrass can be observed at Point A (Figure 6.1b), while patchy seagrass is evident at Point
B on the western shore of Fraser Island.
Figure 6.1c shows a photograph flown in 1969 almost exactly one year after Figure 6.1b. A
noticeable increase in the density of seagrass over the year can be observed at Point B on
the western side of Fraser Island while an increase to a lesser extent can also be seen at
Point A in the area between Fraser Island and Flannagan Island. In 1975 (Figure 6.1d) the
seagrass around both Points A and B has declined considerably since 1969 (Figure 6.1a).
By contrast, the changes that can be observed in the year between 1968-69 (Figures 6.1b &
6.1c respectively), the changes between 1975 (Figure 6.1d) and 1976 (Figure 6.1e) are less
obvious and both photographs appear to have a similar level of seagrass coverage. The
photograph flown in 1984 (Figure 6.1f) shows that all the areas around Fraser Island, with
the exception of the southern tip, have a dense coverage of seagrass and is similar to the
coverage observed in 1969 (Figure 6.1c). The areas at Point A & B have a particularly
dense coverage by comparison to 1975 and 1976 (Figures 6.1d & 6.1f respectively).
The 1986 photograph (Figure 6.1g) is not as clear as the other photographs, but a decline in
the amount of seagrass cover at Points A & B since 1984 (Figure 6.1f) can be observed.
The seagrass coverage in 1986 is similar to that observed in 1975 (Figure 6.1d) and 1976
(Figure 6.1e). The photograph for 1997 (Figure 6.1h) has a similar seagrass cover to 1986
(Figure 6.1g) at Point A, but appears to have increased in density at Point B. By
comparison to previous years, less seagrass can be observed in 1997 than in the years 1969
and 1984, but it is similar to the other years.
If an overall comparison of the aerial photography for Fraser Island is undertaken the least
amount of seagrass cover, not including 1959 when the site was devoid of all seagrass, can
be observed in 1976 (Figure 6.1e) and 1986 (Figure 6.1g). The greatest level of seagrass
cover can be observed in 1969 (Figure 6.1c), although good covers can also be seen in the
years 1984 and 1997 (Figures 6.1f and 6.1h respectively).
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6.2 Point Fullerton, Lake King
Point Fullerton is located at the eastern end of Eagle Point Bay on the south west shore of
Lake King. This site features a narrow headland extending northward from the shore with a
dense seagrass bed extending from the tip of the headland and narrow bands of seagrass
located on the eastern and western shores of the headland. The available photographs
which are suitable for interpreting seagrass at Point Fullerton were flown in 1966, 1969,
1976, 1984, as well as those flown in 1997 (Figures 6.2a-e).
In the initial photograph for Point Fullerton flown in 1966 (Figure 6.2a) the seagrass
coverage is patchy to the north of the Point (Point A) and a patchy coverage extends along
the western shore towards Point B. Bare areas of sand can be observed near the shore on
the eastern side of the Point with denser areas further offshore (Point C). An increase in
seagrass coverage can be observed at all points in the 1969 photograph (Figure 6.2b) and is
particularly noticeable on the western and eastern shores (Points B & C respectively).
The seagrass to the north of Point Fullerton (Point A) in 1976 (Figure 6.2c) appears to be
similar to that observed in 1969. However a noticeable decline in the seagrass since 1969
can be observed in the nearshore area along the western shore (Point B) and a decline to a
lesser extent can also be seen in the nearshore area along the eastern shore (Point C). The
small area of bare sand on the eastern shore of Point Fullerton (Point C) has increased
significantly in size in the 1984 photograph (Figure 6.2d) by comparison to 1976 (Figure
6.2c). The bare sand areas on the western shore (Point B) in 1984 appear to be very similar
to those in 1976 with a possible small decrease in seagrass along the outer edge of the sand
bank. The seagrass to the north of Point Fullerton (Point A) is difficult to interpret due to
the presence of wind ripples, but appears similar to the coverage in the previous photograph
in 1976.
In the 1997 photograph (Figure 6.2e) the seagrass to the north of Point Fullerton (Point A)
is difficult to interpret but appears to have a similar distribution and density to previous
years. An increase in the seagrass cover since 1984 (Figure 6.2d) in the nearshore areas on
the western and eastern shores (Point A & B respectively) can be observed in 1997.
When an overall comparison of the available aerial photography for Point Fullerton is
undertaken the greatest level of seagrass cover can be observed in 1969 (Figure 6.2a) and
the least cover can be observed in 1984 (Figure 6.2d).
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6.3 Point King - Raymond Island, Lake King
Point King is located on the north eastern tip of Raymond Island in Lake King. The area
represented by this site features a wide band of seagrass on the western shore of Raymond
Island extending to the south west from Point King. The historic aerial photographs
available for Point King which are suitable for interpreting seagrass distribution were flown
in 1969, 1976, 1979, 1984, 1989 and 1997 (Figures 6.3a-f).
The initial photograph for the site flown in 1969 (Figure 6.3a) shows a wide band of dense
seagrass extending from the tip of Point King (Point A) to the south west with some bare
sand areas near the area marked as Point B. A significant loss of seagrass can be observed
in the next available photograph flown in 1976 (Figure 6.3b). Bare areas of sand are
evident stretching from Point A through to Point B.
The photograph for 1979 (Figure 6.3c) is difficult to interpret due to wind ripples on the
surface and a sun sheen, but an increase in seagrass since 1976 can be observed in the area
around Point B. By 1984 (Figure 6.3d) a significant decrease in seagrass is evident and
large areas of bare sand can be observed stretching between Point A and Point B. The level
of seagrass loss in 1984 was greater than that observed in the 1976 photograph (Figure
6.3b).
Much of the seagrass loss evident in 1984 (Figure 6.3d) appears to have been revegetated in
the 1989 photograph (Figure 6.3e), although large areas of bare sand can still be observed
near Point B. In the most recent photograph flown in 1997 (Figure 6.3f) dense seagrass can
be observed across all the area from Point A to Point B and to the south west of Point B.
The seagrass cover that can be observed in the 1997 photograph is the most extensive for
the available photographs.
When an overall comparison of the available aerial photography for Point King is
undertaken the greatest level of seagrass cover can be observed in the years 1969 (Figure
6.3a) and 1997 (Figure 6.3f) while the least cover can be observed in the years 1976 (Figure
6.3b) and 1984 (Figure 6.3d).
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6.4 Gorcrow Point - Steel Bay, Lake Victoria
Gorcrow Point forms the eastern end of Steel Bay and is located on the north side of the
central region of Lake Victoria. Steel Bay is a small embayment which is partially protected
from south westerly winds by Waddy Point. A relatively wide band of seagrass typically
extends along the northern shore of Steel Bay extending eastwards parallel to the coast.
The aerial photographs available for Gorcrow Point - Steel Bay which are suitable for
interpreting seagrass distribution were flown in 1969, 1976, 1979, 1984 and 1997 (Figures
6.4a-e respectively).
The initial photograph for the site flown in 1969 (Figure 6.4a) shows a wide band of dense
seagrass extending to the east and west of Gorcrow Point (Point A). While the photograph
flown in 1976 (Figure 6.4b) indicates that the seagrass cover is similar to the east and west
of Gorcrow Point (Point A) a large area of bare sand has emerged extending from Gorcrow
Point itself.
The bare areas at Gorcrow Point (Point A) that can be observed in 1976 (Figure 6.4b)
appear to have been mostly revegetated in the photograph flown in 1979 (Figure 6.4c).
However, the seagrass at the western end of Steel Bay (Point B) appears to have become
more sparse. In 1984 (Figure 6.4d) there is again a noticeable decline in seagrass at
Gorcrow Point (Point A) and also at the western end of Steel Bay (Point B). It would
appear that overall there was less seagrass in the area in the 1984 photograph (Figure 6.4d)
than in photographs for previous years.
A dramatic change in the seagrass beds at Gorcrow Point can be observed in the 1997
photograph (Figure 6.4e). A large area offshore from Gorcrow Point (Point A) is
completely denuded of seagrass which may be associated with the development that can be
observed on the Point itself. The seagrass to the east and west of Gorcrow Point appears to
be still relatively dense, although a large bare area can be observed at the far western end of
Steel Bay (Point B). This bare area extends further westward than the bare area which can
be observed around the same area in the 1984 photograph (Figure 6.4d).
When an overall comparison of the available aerial photography for Gorcrow Point - Steel
Bay is undertaken, the greatest level of seagrass cover can be observed in 1969 (Figure
6.4a). The least amount of seagrass cover can be observed in the 1997 photograph (Figure
6.4e) although this may be an anomaly as there appears to be a very localised impact
causing the large loss of seagrass. If the loss of seagrass that is evident in 1997 is
discounted, then 1984 (Figure 6.4d) is the year with the least seagrass cover for the
available photographs.
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6.5 Waddy Island, Lake Victoria
Waddy Island is located at the eastern end of Lake Victoria near the western tip of the
Boole Poole Peninsula. The area around Waddy Island features a complex of island,
channels and shallow sand banks. The historic aerial photographs available for the Waddy
Island region which are suitable for interpreting seagrass distribution were flown in 1969,
1976, 1979, 1984, 1986 and 1997 (Figures 6.5a-f).
In the initial photograph from 1969 (Figure 6.5a) the areas to the north (Point A) and west
(Point B) of Waddy Island appear to only have a relatively sparse coverage of seagrass,
although the area to the north west appears densely vegetated. The shallow sand bank to
the north east (Point C) has a good coverage of seagrass around its perimeter but its centre
is only sparsely vegetated. By 1976 (Figure 6.5b) an overall increase in the area of seagrass
to the north (Point A) of Waddy Island can be observed and the areas to the west of the
island (Point B) are also more densely vegetated. The seagrass on the sand bank at Point C
appears to be relatively unchanged.
The photograph for 1979 (Figure 6.5c) is difficult to interpret due to wind ripples and sun
sheen, but the areas to the north and west (Points A & B) appear similar to the previous
photograph in 1976 with some increase in seagrass at Point B. Of note is the heavy shading
covering the sand bank to the north east of Waddy Island (Point C). While this may be
seagrass it is equally likely that it represents a dense cover of algae. By 1984 (Figure 6.5d)
the area to the north of Waddy Island (Point A) appears to still have a dense growth of
seagrass, but the area to the west (Point B) has significantly less seagrass than 1979 and
1976. The heavy shading which covered the sand bank at Point C has almost disappeared,
although the seagrass around the perimeter of the sand bank remains similar to that which
can be observed in previous years.
The photograph for 1986 (Figure 6.5e) is also difficult to interpret due to sun sheen and
wind ripples and the coverage at Point A cannot be clearly seen, but an increase in seagrass
since 1984 (Figure 6.5d) can be observed to the west of Waddy Island at Point B. The sand
bank at Point C, which was bare in 1984 (Figure 6.5d), has regained a similar coverage to
that observed in 1979 (Figure 6.5a). The photograph for 1997 (Figure 6.5f) shows the
density and extent of the seagrass to be greater at all areas around Waddy Island than in any
of the previous photographs.
When an overall comparison of the available aerial photography for Waddy Island is
undertaken the least cover of seagrass can be observed in 1969 (Figure 6.5a) with the area
south west of the Island (Point B) also being very depleted in 1984 (Figure 6.5d) As stated
above, 1997 (Figure 6.5f) appears to be the year with the most seagrass at this site.
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7. CONCLUSIONS
7.1 Assessment of Historic Photographs
Table 7.1 broadly summarises the seagrass changes observed between the aerial
photographs presented in the previous section. The years in which peaks and lows in
seagrass coverage can be observed at each site are also identified.
Table 7.1: Summary of changes, peaks and lows in seagrass at the study sites.
Aerial
Photograph
1959

Fraser
Island

Point
Fullerton

Point King

Gorcrow
Point

Waddy
Island

no seagrass

1966
1968

é

1969

é*
ê

é*

*

*

#

=#

ê

ê#
é

ê
é

é
é

1984

é
ê#

ê#

ê#

ê#

1986

ê#
é

?

é*

1975
1976
1979

é

1989

é

1997

é

é*

Sparse coverage (relative to other photographs for the same site)
Medium coverage (relative to other photographs for the same site)
Dense coverage (relative to other photographs for the same site)
No photograph available for the site and year

é indicates an increase in seagrass cover from the previous photograph.
ê indicates a decrease in seagrass cover from the previous photograph.
= indicates that only a small change had occurred since the previous
photograph.

#

indicates the year(s) with the lowest seagrass cover for each site.

*

indicates the year(s) with the greatest seagrass cover for each site.

The pattern of seagrass changes that emerges from the assessment of aerial photographs is
one of continual fluctuations in the level of seagrass cover. It can be seen from Table 7.1
that an overall peak in seagrass cover for all the sites, except Waddy Island, occurred in
1969. Other than 1959 when the Fraser Island area was completely devoid of seagrass,
1984 was clearly the year in which seagrass cover was at it’s lowest for the years examined.
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A general decrease in seagrass occurred across the Lakes between the peak year in 1969
and the next set of photographs for 1976. This decrease was followed by a general increase
in seagrass between the years 1976 and 1979 which was again followed by a decrease in
seagrass cover between 1979 and 1984.
Few useable photographs are available for the years from 1984 to 1997 but the seagrass
cover in 1997 shows a definite increase from the low coverage observed in 1984. By
comparison to previous years, the 1997 photographs appear to have been flown at a period
of good seagrass growth and the cover at Waddy Island and Point King in particular is
greater than in any of the previous photographs.
The pattern of change in seagrass is not entirely consistent across the Lakes with some
notable variations. Waddy Island had a low cover of seagrass in 1969 when all of the other
sites had dense covers and the pattern of change between years at this site was typically
different to the other sites. The Fraser Island site also varied from the overall pattern of
change and featured a relatively good cover of seagrass in 1984 when all the other sites had
their lowest coverage.
The assessment of aerial photography highlights factors which need to be considered if
seagrass sampling points are to be selected to be representative of seagrass changes
throughout the Lakes. While it appears that an overall pattern of seagrass variation can be
observed for the Lakes, this pattern appears to display some regional differences within the
Lakes. Periods of seagrass decline in the Lake King and Lake Victoria regions, for
example, may not be indicative of the same rate or extent of decline in the Lakes region east
of Metung. As a result it may be possible to divide the Lakes into 3-4 zones with sampling
sites in each zone. The zones could, for example, encompass the eastern Lakes (Reeve
Channel area east of Metung), northern central (encompassing most of Lake King),
southern central (Sperm Whale Head to Metung) and the western Lakes (Lake Victoria
west of Sperm Whale Head).
7.2 Limitations of Historic Aerial Photographs for Assessing Seagrass Changes
The assessment of historic aerial photography presents a useful method of identifying broad
patterns of seagrass changes in shallow marine environments. However, this study did
highlight some of the restrictions and limitations of this approach.
Historic aerial photography obviously cannot be groundtruthed and this is one of the biggest
limitations in environments such as the Gippsland Lakes where there is a widespread
distribution of macro-algae. This algae typically becomes entangled and intertwined with
the seagrass and its presence can make accurate interpretations of the density of seagrass
difficult. As a result the interpretation of seagrass cover and density from the photographs
must be undertaken with a degree of caution.
Similarly, the Swan Reach Bay site also revealed the possibility of drift seagrass that has
accumulated in sand ridges on the bed of the Lakes appearing as dense beds of healthy
seagrass on the aerial photographs. This highlights the need for field work to be undertaken
to provide an understanding of the likely phenomena that may be observed in aerial
photographs.
The historic aerial photographs available for the Gippsland Lakes have been flown at
unequal intervals and not all of the Lakes is covered by each photography run. The
photographs have also been flown at different seasons. As a result the apparent pattern of
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seagrass change noted in the previous section must be considered as being indicative only as
the periods between the photographs differ and years in which significant changes occurred
may have been missed. The changes observed between Fraser Island in 1968 (Figure 6.1b)
and 1969 (Figure 6.2a) highlight the changes that can occur in a single year which will be
missed when comparing photographs at five yearly or greater intervals.
The aerial photography used in this study were typically flown for terrestrial mapping
programs and as a result no consideration was given to conditions suitable for mapping the
aquatic environment in the selection of the times for the flying this photography. As a
result, many of the historic photographs available for the Lakes could not be used in this
study due to the presence of sediment or algae in the water column, wind ripples on the
surface of the water and/or sun sheen on the surface of the water (see Attachment 1). The
impact of adverse climatic and environmental conditions on aerial photography is a major
limitation on the use of historic photographs for studies of seagrass and aquatic substrates.
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