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QUESTION WITHOUT NOTICE
(Of which some notice has been given)

Wednesday, 26 September 2012

Hon Giz Watson to the Minister for Mental Health representing the Minister for

Environment.

With reference to the answers to Question Without Notice 636, about the critically

endangered thrombolite communities in the lakes in the Peel-Yalgorup Ramsar

Convention area, I ask -

(1) Is the Minister aware of a recent report by Professor Jacob John on the critically

endangered thrombolite communities in the lakes in the Peel-Yalgorup Ramsar

Convention area?

(2) If yes to (1), will the minister table this report?

(3) If no to (2), why not?

I thank the Hon. Member for some notice of this question.

(1) Yes, the Department of Environment and Conservation has drawn this paper to the
Minister for Environment's attention.

(2) I table the paper Tyanobacteria in benthic microbial communities in coastal salt
lakes in Western Australia' by Jacob John, Melissa Hay and Jennifer Paton (2009),
published in Algological Studies 130, which refers to the Lake Clifton thrombolites.

(3) Not applicable
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With 5 figures and 3 tables

Abstract: Microbial communities dominated by cyanophytes and diatoms are the
predominant primary producers in the hypersaline coastal salt lakes of Western
Australia Two such lake systems were investigated with a focus on cyanobacteria.
Rottnest Island, located 18 km from the west coast of Perth, Western Australia,
has salt lakes with salinity up to 200 g L-t. Lake Clifton, located 120 km south
of Perth, is a salt lake with a salinity range of 30 to 79 g L-1, well known for the
largest array of living thrombolites in the Southern Hemisphere. Both these lake
systems have extensive benthic microbial communities (BMC) in the form of algal
mats dominated in biomass by cyanobacteria. The BMC in Rottnest Island's salt
lakes have higher diversity and biomass of cyanobacteria than diatoms, whereas
the Lake Clifton mats have higher diversity of diatoms but lower diversity of cy-
anobacteria. In both systems cyanobacteria dominate in biomass. The microbial
communities directly associated with thrombolites in Lake Clifton differ in com-
position and thickness from non-thrombolites benthic microbial communities. The
latter are massive and in recent years (2002 and 2007) become dislodged and float
during summer - autumn. This is associated with fish death. Scytonenia, identified
as the dominant cyanobacterium in microbial communities associated with the
thrombolites in the 1980s, is no longer observed. Instead there is a filamentous cy-
anobacterium forming a tight network - a Phormiditun species, whereas coccoid
cyanobacteria form the bulk of the benthic algal mats in Lake Clifton. Stalked dia-
toms such as Brachysira aponina and several species of Mastogloia dominate the
benthic mats in Lake Clifton. The salinity has doubled in Lake Clifton in the last
25 years. Species of Aphanothece, Oscillator/a, Microcoleus, Spirulina, SchizothrLv
and Gloeocapsa are the common cyanobacteria in the BMC of Rottnest Island salt
lakes. The composition and abundance of cyanobacteria in both lake systems are
explained in terms of possible impacts of changing environment with respect to
salinity and nutrients.
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Introduction

The long coastline of Western Australia is noted for many coastal salt
lakes. They were once part of the sea and became separated during sea-
level changes by dune formations and evaporation. Most of these salt lakes
are hypersaline or have become hypersaline in recent years. Their primary
production is predominantly due to benthic microbial communities
dominated by photosynthetic bacteria, cyanobacteria and diatoms. These
communities are often referred to as microbial mats or algal mats as they
are cohesive and characterized by a matrix of polysaccharide gel secreted
by the cyanobacteria in which diatoms thrive. The climate of the region is
Mediterranean with hot, dry summers and wet winters, resulting in seasonal
fluctuations of water level in the salt lakes.

The objective of the paper is to focus on the cyanobacteria in benthic
microbial mats in two salt lakes in Western Australia: Lake Clifton and the
salt lakes of Rottnest Island.

Lake Clifton

Lake Clifton is located 120 km south of Perth in Yalgorup National Park, the
largest conservation reserve in the Swan Coastal Plain in Western Australia.
Lake Clifton is well known for the largest array of living thrombolites (a
type of microbialite similar to the stromatolites in Shark Bay in Western
Australia) in the Southern Hemisphere and is of high conservation
value. Microbialites are built by a community of special microorganisms,
predominantly cyanobacteria, growing attached to them. Lake Clifton is
one of the rare water bodies in the world with living microbialites, which
are mostly submerged in water up to 3 m depth. The lithified dome shaped
structures mostly exposed in the summer-autumn period are no more
living. The benthic microbial communities, which build these structures, are
believed to have evolved in low nutrient conditions (MooRE et al. 1983,
MOORE & NEIL 1985, MOORE 1987, BURNE & MOORE 1987). Additionally,
there are benthic microbial mats, which are not involved in the building
process of microbialites. These microbial mats are also adapted to low
nutrient conditions similar to those prevalent in coastal salt lakes and serve
as a nutrient sink. Lake Clifton was separated from the sea, probably 7,000
years ago due to sea-level changes and the microbialites are dated 3,680 yrs
BP (RosEN et al. 1996).

The salinity in Lake Clifton seldom exceeded that of seawater in the early
1980s when the microbialites were discovered, described and investigated
for the first time (MooRE 1987). Salinity less than that of seawater and
interaction between fresh groundwater and microbial communities
were considered essential for the continued growth and conservation
of microbialites. The lake undergoes seasonal changes in salinity ranging
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from 7 to 35 g L-1 according to historic records. Within the last 25 years,
the salinity range has shifted to a higher level 19 to 80 g L-1 (personal
observation). Additionally in 2002 and 2007, there has been massive break
up of the benthic microbial mats from the bottom of the lake discolouring
and adding nutrients into the lake. Massive fish death was also associated
with the break up of the algal mats in 2007.

The origin, development, composition and spatial distribution of the
large benthic algal mats and their disintegration adding to the nutrient
enrichment of the lake and possible impacts on the conservation of the
microbialites, remain unknown.

The objectives of the project were to investigate the structure of the
dislodged microbial mats and explore their origin, composition and function
in the ecology of the lake, and to assess the impact of increasing salinity and
eutrophication on the health of the microbial communities including those
associated with the microbialites, with special reference to cyanobacteria.

Salt Lakes of Rottnest Island

Almost 10 % of Rottnest Island (area 19,000 ha) located 18 km northwest
of Perth, the capital of Western Australia, is occupied by salt lakes. Part of a
chain of limestone islands, Rottnest was once part of the mainland of Western
Australia. The islands are the result of sea level changes in the past. The salt
lakes were connected to the ocean until late in the Holocene. They separated
from the ocean by dune formation over 5,000 years ago. Subsequent
evaporation resulted in six permanent hypersaline lakes. Microbial mats are
abundant in these lakes and are the dominant primary producers. Since the
arrival of Europeans, the island has been settled first as a penal site and then
as a tourist attraction. The island is of high conservation value as it is home
to unique fauna and flora. Recent developments on the island have been
impacting on the ecology of the salt lakes. The composition of the algal mats
was studied by JOHN in 1981. Further studies on the algal mats in relation to
water quality parameters, nutrients in particular, were conducted in 2005.
The objective of the study was to compare the composition and integrity of
the algal mats with special reference to cyanobacteria in four of the lakes
and relate these to water quality and nutrients.

Materials and methods

Salinity, temperature, oxygen and nutrient concentrations of Lake Clifton
were measured in 2005 and 2007, following a massive dislodgement of
benthic algal mats and fish death.The floating microbial mats were analysed
and the biota were identified. The structure and composition of microbial
communities surrounding the thrombolites were investigated.



128 J. JOHN et al.

Clifton. Preston Lakeland area, Western Australia
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Fig. I. Lake Clifton (a) and four salt lakes on Rottnest Island (b).

Lake Clifton is 21.5 km long with a maximum width of 1.5 km. The
maximum open water is 17.8 km2 (Fig. la) (RosEN et al. 1996). The living
microbialites are mostly confined to the eastern side of the lake within a
width of 20 m.

On Rottnest Island, four lakes were investigated (Fig. 1b): Garden Lake
(area 4 ha and maximum 1.5 m depth), Government House Lake (area 58
ha, maximum depth 7.6 m), Serpentine Lake (area 22 ha, maximum depth
6.6 ha) and Herschell Lake (area 30 ha, maximum depth 5.5 m).

Salinity, pH, oxygen and nutrients (N and P) in four hypersaline lakes in
Rottnest Island were measured in summer and winter in 2005.The microbial
mats from 5 sites in each lake were sampled and microscopically analysed
identifying the various layers. Cyanobacteria were identified using GELTLER
(1932), HINDAK (2001) and KOMAREK & ANAGNOSTIDTS (1999). Diatoms
were identified using JOHN (1983, 1998, 2000) after making permanent
slides (JOHN 1983). The diatom assemblages were enumerated according
to the relative abundance of individual species. Artemia populations were
sampled from three lakes (Government House, Serpentine and Garden
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lakes) using 50 gm plankton net along a 40 m transect in each lake. In the
laboratory counts were made of the adults, juveniles and nauplius. The
integrity of the benthic microbial communities (algal mats) was assessed
by 'scoring'.

The program PRIMER v5 was used for statistical analysis of the data.
Nonmetric multi-dimensional scaling (NMS) and principal component
analysis (PCA) were used to compare the physico-chemical data, nutrient
levels and abundance of biota. Based on hierarchical clustering, ordinations
and dendrograms were produced to show similarities between variables
tested.

Results and discussion
Lake Clifton

The dislodged benthic microbial mats were composed of 15 species of
diatoms embedded in a matrix of two species of cyanobacteria. The coccoid
colonial cyanobacterium, with its mucilage secretion, predominantly
formed the bulk of the microbial mat. A filamentous cyanobacterium
also formed part of the benthic mat but sparingly. Species of Mastogloia
dominated the diatom community in the algal mat. Other diatoms found in
the mat included species of Campylodiscus, Diploneis, Navicula, Synedra,
Entomoneis, Nitzschia, Amphora and Ca loneis, many of which are known
to secrete mucilage.

As the benthic algal mat grows by addition of new layers from the top,
the older layers get compressed and gradually decomposed. The mat may
grow over 50 cm in thickness. The decomposition of the lower layers may
generate gases by bacterial activities and may result in the dislodgement of
the whole mat, probably induced by storm events. The fish death (Fig. 2a) is
attributed to pockets of anoxic lake water due to decomposing algal mats
or hypersalinity beyond the tolerance levels of black bream.

The microbial communities associated with the thrombolites were
dominated by a filamentous cyanobacterium (Fig. 2b) woven into a
compact mat with copious mucilage sheath, a coccoid bacterium (Fig. 2c)
and a few species of diatoms such as Entomoneis, Synedra and Amphora
species. Some of these were also found to be commonly associated with the
stromatolites in Shark Bay (JOHN 1990a, b).

The green alga Cladophora covered by epiphytic diatoms was also found
growing profusely on the thrombolites a clear sign of eutrophication. The
salinity ranged from 20 g L-1 in winter to SO g L-1 in autumn. The nutrients
in the standing water were at mesotrophic levels (Table 1).

Comparing the results obtained with historical records of salinity and
nutrients makes it clear that the lake has become eutrophic and salinity
has almost doubled in the last 25 years. Prolonged decline in rainfall, and
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Fig. 2. a - Floating benthic algal mats and dead fish in Lake Clifton, b - Phormid-
him sp., c - Gloeocapsa sp. from the benthic algal mats.

Table 1. Lake Clifton: Nutrients and salinity.

Autumn 2006

Chlorophyll a+b+c 6.5 pig L-1
TN 1900 gg L-1
NH3-N 37 gg LA.
TP 20 gg L-1
Salinity 79 gL-1 (Autumn 2007)

69 gL-1 (Summer 2005)

increased nutrient enrichment from a rapidly developing catchment area
and a lack of outlet and flushing of the system seemed to be responsible for
the degradation of the ecosystem. Conditions have rapidly changed within
the last 25 years and so has the community structure of the microbial mats,
posing serious threats to the conservation of the thrombolites.
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Salt Lakes of Rottnest Island

Garden Lake had significantly lower mean salinity in both summer and
winter (77.14 g L-1 in summer and 55.56 g L-1 in winter) compared to that
of the other lakes (above 99 g L-1 in summer and below 93 g L-1 in winter)
(Table 2).

The microbial mats in the salt lakes in Rottnest Island (see Figs 3a, b) are
dominated by cyanobacteria (Figs 4a-d) and diatoms, the former in biomass
and the latter in diversity. The mats were dominated in biomass by the
coccoid cyanobacterium Aphanothece halophytica followed by Anacystis
marina, Chroococcus turgidus and Agmenelluni thermale. The filamentous
cyanobacteria observed were Spine lina subsalsa, Schizothrbe calcicola and
Microcoleus lyngbyaceous. There were 29 species of diatoms but only 8
species of Navicula, Amphora, Nitzschia and Mastogloia dominated the
diatom assemblages in the algal mats. There were seasonal changes in water
quality in both winter and summer (see Table 3).

NMS plots indicated that Garden Lake was separated from the other
lakes in water quality parameters in both winter and summer (Fig. 5a).

Similarly the cyanobacterial composition of the mats was also different
in Garden Lake (Fig. 5b). The phosphorus and nitrogen levels in Garden
Lake were much higher than those of the other lakes.

Anemia populations were much more abundant in Government House
and Serpentine lakes than in Garden Lake, establishing the isolation of
Garden Lake in terms of nutrients and microbial communities.

The structural integrity of the algal mats in the lakes was directly related
to the phosphorus levels. Garden Lake had the lowest score in structural
integrity of algal mats and the highest phosphorus concentrations compared
to other lakes.

The algal mats in salt lakes originally evolved to maximize nutrient
cycling by maintaining the cohesiveness of the microbial communities
(CANFIELD & DES MARAIS 1993). Low levels of phosphorus and nitrogen
are a characteristic feature of lakes where microbial communities develop.
A normal algal mat in a hypersaline environment forms a cohesive
community to ensure efficient recycling (CANFIELD & DES MARAIS 1993).
The fact that Garden Lake had the highest phosphorus concentration and

Table 2. Average water quality parameters for Rottnest Island salt lakes.

Salinity (g

Summer Winter

Temperature (°C) pH

Summer Winter Summer Winter

Garden 77.14 55.56 25.5 17.74 7.8 8.21
Government 110.38 94.04 25.36 17.26 7.39 8.02
Herschel! 108.62 94.06 23.78 17.84 7.81 8.20
Serpentine 99.6 93.18 23,92 17.46 7.86 8.08
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(a)

(b)

Fig. J. a Sample of a very cohesive mat, showing the crystallised pink surface
laye underlain by the green photosynthetic cyanobacterial layer and then the or-
ange pink lower layers of other types of bacteria, b Cross-section of the layering
in a Government House Lake mat.

the least integrity of the microbial communities different from the other
lakes indicates that eutrophication has a direct adverse impact on the
benthic algal mats. Structurally, the algal mats in Garden Lake had a large
amount of sediment particles and were less cohesive.

The layering of the algal mats from Government House, Serpentine and
Herschel! lakes was also similar and far different from that of Garden Lake.
The cyanobacteria and diatoms dominating the algal mats in Garden Lake
were also drastically different from the other lakes.
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C

Fig. 4. Cyanobacteria dominant in benthic microbial mats in the salt lakes of Rot-
tnest Island: a - Aphanothece halophytica, b - Gloeocapsosis sp., c - Schizothrix
calcicola (filamentous) and Gloeocapsa sp. (coccoid), d - Microcoleus lyngbyacezu.

Table 3. Nutrient levels in lake water for Rottnest Island salt lakes (pg L-1).

Winter Summer

GOVERNMENT
Total Phosphorus 10 20
Total Nitrogen 3500 4500

SERPENTINE
Total Phosphorus 23 38
Total Nitrogen 3300 3300

GARDEN
Total Phosphorus 120 320
Total Nitrogen 2500 5200

HERSCHELL
Total Phosphorus 110 150
Total Nitrogen 4200 4900
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Fig. 5. NMS plots of water quality parameters (a) and cyanobacteria species abun-
dances (b) of Garden (G), Herschell (H), Government House (GH) and Serpen-
tine (S) lakes. Winter = W, Summer = S.

Conclusions

The microbial communities in Rottnest Island salt lakes and Lake Clifton
reflect the water quality, nutrient status and the interactions between biota
and the physico-chemical environment. The benthic algal mats which form
the most predominant primary producers in the systems could be used
as tools for biomonitoring the changes in the environment in these lakes.
The thrombolites in Lake Clifton are showing symptoms of eutrophication
due to C/adophora and Lamprothaninittin growth. The Scytonema that
dominated the microbial mats are replaced by another filamentous
cyanobacterium. As salinity increases, a reduction in species diversity in
Lake Clifton is expected.
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