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Abstract. Cyanobacteria live in extreme conditions all over the world, including
hypersaline pools and embayments on Motu Tiahura, Mo’orea. Their distribution was
studied and physical conditions were observed to determine what factors limit their
realized niche. Vertical transects were measured along the walls of the pools and
embayments to measure vertical zonation in mat types. Water chemistry was measured
over a three week period. Nine cyanobacterial mat morphologies were observed, several
of which likely contain the genera Phormidium and Nostoc. More mat types were found in
the embayments than in the pools. Vertical zonations among the different mat types are
highly significant. The preferred conditions for the mat types are very similar but not
identical, and dispersal ability and pH fluctuation are likely responsible for limiting the
distributions of most mat types. A companion experiment found that high salinity could
be responsible for limiting the distribution of Phormidium as well. Predation from the
snail Nerita plicata may also be responsible for limiting the distribution of some mat
types.
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INTRODUCTION
In recent decades, scientists have
discovered that life is much older, hardier,
and opportunistic than ever imagined.
Paleontologists have discovered that life
began very soon after the formation of Earth,
and may have even survived the massive
meteor impacts that were still occurring at that
time (Gogarten-Boekels et al. 1995). Life has
been found on volcanic vents at the bottom of
the ocean (Huber et al. 2002), under thick ice
sheets (Lanoil et al. 2009), in hypersaline pools
and salt flats (Fourcans et al. 2004), and even
in super-acidic mine drainage (Mueller et al.
2010).
All these instances are considered
analogues for possible life on other planets,
including Mars (Reid et al. 2006), Jupiter’s
moon Europa (Schulze-Makuch & Irwin 2002),
and Saturn’s moons Titan (Fortes 2000) and
Enceladus (Parkinson et al. 2008).

Many of the extremophiles found around
the world occur as microbial mats and
biofilms largely composed of cyanobacteria
(Stoltz 2000).
Cyanobacteria have many
characteristics which make them suitable for
living in extreme environments. They were
the first photosynthetic life forms, and it is
believed that they directly led to the rise of
oxygen in the atmosphere (Golubic & SeoungJoo 1999). Many varieties including Anabaena
and Calothrix form colonies that contain
akinetes – large cells with thickened walls that
are resistant to heat and desiccation. Some
genera can also fix nitrogen, giving them
access to another abundant source of energy.
Because nitrogen fixation and photosynthesis
cannot occur in the same place, many colonies
contain separate cells called heterocysts which
specialize in fixing nitrogen (Raven et al.
1992). Any life found on another planet in the
solar system is hypothesized to share many

characteristics of Terran microbial mats (Des
Marais 1990).
The seaward side of Motu Tiahura,
Mo’orea in the Society Islands of French
Polynesia presents an extreme environment
where cyanobacteria thrive. Due to karstic
erosion, the limestone platform that comprises
the seaward side of the motu contains many
tide pools and embayments (Waljeski 2003).
Previous studies (Firestone, 1998, Waljeski
2003 and others) have referred to the platform
on the seaward side of Motu Tiahura as
conglomerate. However, this is petrologically
incorrect. Conglomerate occurs when large
rounded clasts of other rock (i.e. granite,
basalt or sandstone) are surrounded by a
calcium carbonate matrix. Breccia is similar,
but contains angular clasts.
The motu
platform does contain large clasts, but these
are angular chunks of coral which are
composed of calcium carbonate, same as the
matrix which surrounds them. Therefore, the
rock which comprises the platform is best
described as fossiliferous limestone.
There are many reasons these pools are
ideal environments for cyanobacteria. They
exhibit fluctuations in temperature and
salinity which may be too extreme for
organisms that outcompete and predate on
cyanobacteria – the main factor limiting
cyanobacteria’s realized niche (Des Marais
1990). Also, because they are surrounded by
calcium carbonate rock, these pools should
have an alkaline pH. Cyanobacteria tend to
get outcompeted by eukaryotes in acidic water
(Raven et al. 1992). As of yet, no one has
studied microbes in these pools or
neighboring embayments, although there
have been studies of macroscopic life in these
pools (Firestone 1998). Microbial mats have
been studied in Mo’orea on the nearby Temae
mud flats (Poetker 2000, Magudia 2003,
Minnameyer 2007), in the lagoon (Chang
2006), and on nearby atolls (Che et al. 2001,
Abed et al. 2003).
The purposes of my study were twofold.
Firstly, I examined the mats and biofilms in
these tide pools to determine whether they

contain different microbial communities and
have different vertical zonations than the mats
and biofilms in the embayments.
I
hypothesized that there are fewer mat
varieties in the tide pools than in the
embayments; however, all the varieties found
in the pools are found in the embayments as
well. For example, all pools contain mat type
A, while all embayments contain mat types A
and B.
Secondly, I studied the water
conditions in the pools to determine what
physical conditions are responsible for
cyanobacteria distribution. I hypothesized
that the responsible conditions are salinity
fluctuations and pool distance from the
lagoon, resulting in progressively less
diversity in the pools furthest from the lagoon.
However,
temperature,
pH,
dissolved
nitrogen content, or predation from snails
could also be responsible, among other
unforeseen factors.
METHODS
Study site
Motu Tiahura is a small coral island off
the northwest shore of Mo’orea. It was
formed when large boulders of coral were torn
loose from the barrier reef by hurricanes and
deposited on the barrier reef platform. Over
time, the boulders built up and were
chemically cemented into the limestone
platform present today. The platform allowed
sand to build up on the leeward side,
eventually creating the bulk of the motu
(Firestone 1998). The limestone began to
erode into karst formations, forming many
tide pools and embayments (Waljeski 2003).
This project focused on pools and
embayments on the Northwest corner of the
motu where there is a dense concentration of
pools, allowing for easier sampling.
Eight pools were chosen for analysis, with
their labels corresponding to the labels given
to them by Firestone (1998) for comparison
purposes. To ensure morphological variety in
the chosen pools, pools 1, 2,3,5,6,7,10 and 11

FIG. 1. Map of study sites on Motu
Tiahura. TP stands for tide pool, EB stands
for embayment. Inset: study area was on
Northwest corner of motu. Motu Tiahura
is located in the lagoon off the northwest
corner of Mo’orea.
were used instead of pools 1-8. Eight nearby
embayments were chosen as control localities
(Figure 1).
Locations of the pools were
recorded using a handheld GPS and a copy of
the map provided by UC Berkeley Prof. David
Stoddart for the Firestone (1998) study. The
length, width and depth of the pools and
embayments and the pools’ distance from the
lagoon were measured with a transect tape.
To estimate volume, the pools and
embayments were idealized as rectangular
prisms. Because water levels were subject to
change, the maximum sizes of the pools and
embayments were measured from rock wall to
rock wall along the top of the platform, rather
than from waterline to waterline.
Cyanobacteria distribution
Vertical transects were then studied along
the rock walls of the pools and embayments.
To achieve randomization and a statistically
large sample size, transects were measured at
the cardinal points for each pool and
embayment. Four transects were measured
for each pool (North, South, East and West)
while only three were measured for each

embayment because the North sides connect
to the lagoon. Microbial mat zonation was
measured on each transect. Different mats
were classified based on two factors: color
(brown, green, purple, etc.) and morphology
(either gelatinous, crustose, endolithic or
“mossy” – a thick, soft, dry layer with the
texture of moss). Because water levels were
subject to change, the top of the platform was
used as a datum and mat zonations were
recorded in centimeters below the datum. To
determine the average mat distribution for
each pool and embayment, the mean was
calculated for the upper and lower limits of
each layer. Layers that did not appear in all
transects had their vertical distributions
averaged between the transects where they
did appear. The vertical zonations of the mats
were analyzed using a one-way ANOVA test
followed by a Tukey-Kramer test to determine
if the results were significant from each other.
Specimens were collected of each microbial
mat variety and examined with an Olympus
BH-2 compound microscope.
The crustose
and endolithic morphology samples had to be
chipped off with a rock hammer and then
pulverized before being placed on microscope
slides. Specimens were tentatively identified
and photos where sent to Dr. John Waterbury
of Woods Hole Oceanographic Institution,
who tentatively confirmed the identifications.
Snail predation
Snails were also counted along each
transect in order to observe potential
predation of the mats. A regression analysis
was performed to determine if a mat type’s
surface area influenced the population density
of snails on the mat.
Physical conditions
The water from the pools and
embayments was repeatedly tested for
temperature, pH, salinity, and dissolved
nitrogen over a period of time from October
12th, 2010 to November 1st 2010. Temperature

and pH were recorded using a Eutech
Instruments
Oakton
Multi-Parameter
PCSTestr 35. However, for a short while this
instrument was unavailable so temperature
was measured using a standard field
thermometer and pH was measured using
Whatman pH indicator strips. Salinity was
measured with a Leica Temperature
Compensated Hand-Held Refractometer.
Nitrogen content was measured with a
LaMotte nitrate-nitrogen test kit. Standard
deviation analyses were performed for each
pool to determine the fluctuations of each
quality.
A discriminant analysis was
performed to determine the physical
characteristics that each mat type shows
preference for, including salinity, pH,
temperature, distance from the lagoon, and
pool/embayment
size.
Additionally,
correlation analyses were run between
different physical characteristics to test
whether or not they influence each other, and
regression analyses were run between each
characteristic and the number of mat types
observed to determine which characteristic is
responsible for limiting mat diversity.

FIG. 2. Top: vertical transect of Pool 1, with
8 mat morphologies observed. Bottom:
vertical transect of Pool 6, with only 2 mat
morphologies observed.
lower or higher salinity baths it would mean
that salinity is the limiting factor of their
realized niche. If they survived the low and
high salinity baths it would indicate that there
is a different limiting factor, possibly dispersal
ability.
RESULTS
Cyanobacteria distribution

Salinity experiment
After
the
microbial
mats
were
characterized, but during the time that the
physical water conditions were being
observed, a companion experiment was run to
test the hypothesis that salinity was
responsible for niche limitation. The subject
was mat type GA, a gelatinous green mat
found predominantly in the embayments, and
the control was mat type Br, a gelatinous
brown mat found in all pools and
embayments.
Three samples of each were
collected. One sample of each was placed in
normal lagoon water with a salinity of 38 ppt.
One of each was put in a lower salinity tub of
33 ppt., representing the tide pools after heavy
rain. The remaining samples were placed in a
higher salinity tub of 46 ppt., representing the
tide pools after an extended period of dry
weather. If the type GA mats died in the

Nine
different
microbial
mat
morphologies were discovered over the course
of the transects, full profiles of which can be
found in Appendix 1: 1) a grey, endolithic
biofilm discovered uniformly across the top of
the limestone platform, abbreviated as Type
GE; 2) Type BM, a dry, black, mossy mat
discovered near the top of embayment walls
and the walls of tide pools near the lagoon; 3)
Type BG, a blue-green, crustose mat found in
the same areas as Type BM; 4) Type W, a
white, crustose layer found just below the GE
layer in almost all pools and embayments; this
morphology was found to contain small
numbers of what may be the genus Nostoc; 5)
Type Br, a brown, gelatinous layer extending
from just above the water line down to the
bottom of every single pool and embayment;
this morphology was found to contain larger
populations of Nostoc; 6) Type P, a purple,

crustose layer near the water line of most
embayments and a few pools near the lagoon;
7) Type G, a green, crustose layer found in the
same areas as Type P and found to contain
small populations of either the genus
Phormidium or Lyngbya; both G and P mats are
often surrounded by Br mats; 8) Type GA, a
thick, green, gelatinous mat found almost
exclusively below the waterline in the
embayments; was found to be largely
composed of either Phormidium or Lyngbya;
also often surrounded by Type Br; 9) Type YG,
a crustose, yellow-green biofilm, was found
only near the waterline on the south side of
Pool 5, far from the lagoon. There was a great
difference in the number of mat morphologies
between different pools. Pool 1 and most of

Nerita
plicata
Littorina
coccinea
Others
Surface
Area
(m²)
Total
number
of snails
per m²

followed by a thin Type W, followed by Type
Br beginning from about 10-30 cm above the
waterline and ranging down to the bottoms of
the pools and embayments. These three
morphologies were fairly continuous at their
elevations while all other morphologies
consisted of much patchier and intermittent
mats. Also, they almost never overlapped
each other (they only appear to overlap in the
figures in the appendix because those were
averaged between several different transects).
In pool 6, meanwhile, there was found to be
no W layer, only GE on top and Br
immediately below it. The ANOVA and
Tukey-Kramer tests determined that vertical
zonation among the three layers is highly
significant (p < 0.0001).
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TABLE 1. Number of snails found in each mat type, compared to the total surface area
surveyed for each mat type. Note that highest concentrations are in Types P and G.
the
embayments
each
contained
8
morphologies. On the other extreme, Pool 6
contained only 2.
Red algae were also
discovered in Pools 2 and 11 and were
identified as Hydrolithon murakoshii and
Neogoniolithon fosiliei.
Full profiles of mat zonations of the pools
and embayments can be found in Appendix 1.
There was one striking similarity among every
single pool and embayment except for Pool 6.
Type GE was on top, beginning from the top
of the platform to about 5-20 cm below it,

Snail predation
Snails found in the study site included
Nerita plicata, Littorina coccinea, snails of the
families Columbellidae and Muncidae, and
others snails which could not be identified.
The number of snails found on each mat type
is recorded in Table 1.
Littorina was
concentrated on mat type GE, while Nerita
was concentrated on mat types P and G. The
surface area of the mat types did not influence

the population density of snails in each type
(p = 0.7884) (Figure 3).

FIG. 5. Regression analysis for pool
distance from the lagoon vs. number of
mat morphologies.
FIG. 3. Regression analysis of the surface
area of each mat type vs. snail population
density.
Physical conditions
The physical and chemical characteristics
of the pools and embayments are described in
detail in Appendix 2. Pool 3 was dry during
every measurement but one, so fluctuations in
water chemistry could not be recorded.
Nitrogen content was found to be negligible in
all pools and embayments. The discrimainant
analysis found that the physical conditions
preferred by each mat type greatly overlap
(Figure 4). The only mat type that preferred
different conditions was type YG, which was
found only in pool 5.

FIG. 6. Regression analysis for pH
fluctuation vs. number of mat
morphologies.

FIG. 7. Regression analysis for average
temperature vs. number of mat
morphologies.

FIG. 4. Discriminant analysis comparing
conditions favored by each mat type. Note
that with the exception of Type YG, the
favored conditions are all very similar.

When regression analyses were run
between individual characteristics, there were
moderate correlations between pool distance
from the lagoon and number of mat
morphologies in each pool (p = 0.0394) (Figure
5), pH fluctuations and number of
morphologies (p = 0.0742) (Figure 6), and
average temperature and number of

morphologies (p = 0.0742) (Figure 7).
However, there was a significant correlation
between distance from the lagoon and average
temperature (p = 0.002) (Figure 8), so it is
impossible to tell from these data which might
be
responsible
for
influencing
mat
morphologies. In contrast, distances from the
lagoon and pH standard deviation were found
not to be correlated. The values for the
embayments were also included in the figures
for comparison purposes.

FIG. 8. Correlation analysis between
distance from lagoon and average
temperature.
Salinity experiment
The experimental mats were examined
after two weeks. Though all three GA mats
looked green and healthy with the naked eye,
microscopic examination revealed that many
bacteria had died in the mat in hypersaline
water.
All three Br mats, the control
specimens in the experiment, were thriving.
This result conflicts with the field data
collected, which suggests that the number of
morphologies has little to do with either
average salinity (p = 0.2738) or salinity
fluctuation (p = 0.2435).
DISCUSSION
Cyanobacteria distribution
One of the most remarkable findings was
that many of the mat types were more
desiccation resistant than expected. Pool 3,
which was dry for most of the study, still

FIG. 9. Regression analysis for average
salinity vs. number of mat morphologies.

FIG. 10. Regression analysis for salinity
fluctuation vs. number of mat
morphologies.
contains a relatively high number of mat
morphologies. This means that the resident
mat types – GE, BM, W, Br and G – are all able
to withstand severe desiccation for long
periods of time. This is especially remarkable
considering that none of the bacterial colonies
examined appeared to contain akinetes.
There were specific reasons that the
cyanobacteria found in Type GA were
identified
as
Phormidium
and
the
cyanobacteria found in Type Br were
identified as Nostoc. Lyngbya communities
contain rigid sheaths and usually grow in the
lagoon bottom (Charpy-Roubaud et al. 2001),
whereas Type GA contained no sheaths and
was found in the intertidal. Likewise, Nostoc
communities are more likely to form spherical
sheaths and less likely to contain akinetes than
the otherwise similar Anabaena (Raven et al.
1992). All cyanobacteria found in Type Br
formed spherical colonies which did not
contain akinetes.
After close examination, it appeared that
Type W may actually represent an absence of

microbes, with the exception of the occasional
Nostoc colony. Depending on the definition of
“community,” this could indicate that only 8
cyanobacteria communities were observed
instead of 9. However, all correlation and
regression analyses were run again with Type
W omitted and there was negligible change in
correlation.
In either case, the analyses
presented in Figures 5-8 are the only ones
approaching significance.
Snail predation
The two dominant snail species on the
platform may have different levels of
influence on mat distribution.
Littorina’s
preference for mat type GE may not be
important because GE is so extensive that it is
highly unlikely that predation is limiting its
realized niche. However, Nerita could very
well be limiting the realized niches of types G
and P. Both mat types have a limited range,
and snail concentrations on both types are
much higher than on any other morphology
(Table 1). However, not enough snails were
observed for the trend to be statistically
significant.
Physical conditions
The canonical plot in Figure 4 shows that
almost all the mat types favored very similar
conditions.
This is not surprising.
As
previously stated, the embayments had very
similar physical characteristics to each other
while the pools had more disparate physical
characteristics. Most of the mat types were
much more common in the embayments than
in the pools, so the embayment conditions
were weighted much more in the discriminant
analysis and the final result showed great
overlap among mat morphology habitats. As
evidence, the only outlier in the canonical plot
is type YG, which was found only in Pool 5. It
can be concluded that the embayments
contain the ideal conditions for almost all mat
types, but it remains that some mat types were

more widespread than others, and something
must be responsible.
Based on my field results, I believe
that both pool distance from the lagoon and
pH fluctuation may be responsible for
cyanobacteria
diversity
but
average
temperature is not responsible, for two major
reasons. There is a nearly perfect positive
correlation between temperature and distance
from the lagoon. Additionally, the range of
average temperatures encountered by the
pools is very small, varying from 26°C to just
over 29°C (Figure 7). Both Phormidium and
Lyngbya can tolerate temperatures much
higher and lower than this (Moro et al., 2010,
Zhu et al., 2010). Neither line of reasoning is
definitive in itself, but when considered
together it appears very unlikely that
temperature is a major factor in influencing
diversity.
It is possible that both pool distance and
pH fluctuation are responsible for limiting
Phormidium’s habitat, in part because they
were not correlated with each other and are
therefore independent variables. Also, studies
have shown that Phormidium can withstand
pH as high as 10.5 and as low as 2.5 (Nagle et
al. 2010) but Phormidium has never been
studied in conditions with highly fluctuating
pH. This could potentially be explored in a
future experiment.
Likewise, a negative
correlation between pool distance and number
of morphologies is consistent with the Theory
of Island Biogeography (MacArthur & Wilson
1967). One of the theory’s primary tenets is
that an island’s species diversity decreases
with its distance from the mainland. If the
pools are modeled as “islands” and the
limestone platform is modeled as “ocean”, the
theory is consistent with the observations of
this study. Firestone (1998) found that this
principle is consistent with the distribution of
macroscopic organisms in the pools as well.
The comparison breaks down when the other
main tenet of Island Biogeography is
considered. It states that an island’s species
diversity decreases when the island is smaller,

and I found no correlation between mat
diversity and pool size. However, this is not
surprising considering that cyanobacteria are
so small that pool size should not realistically
have an effect on them in any case.
Salinity experiment
As stated above, the results of my
companion experiment contradicted the
results of my field research. There are many
reasons why this could be the case. The first –
and simplest – possibility would be the
limitations of a small sample size. Due to time
constraints, only 8 of the nearly 30 pools on
the motu were studied. There may indeed be
a negative correlation between average
salinity and number of morphologies, but it
could not be detected with so few study sites.
Another possibility is that the cyanobacteria
present in Type GA could not tolerate high
salinity but cyanobacteria in other mat types
could, and were absent from the pools for a
different reason.
In the future, salinity
tolerance tests could be run on the other mat
types to test this hypothesis.
The third and most troubling possibility
exposes a major potential caveat of this study.
Cyanobacteria diversity was measured by the
number of “morphologies” present in each
pool.
These morphologies each contain
varying numbers of microbial species, and
were themselves identified subjectively before
the species which compose them were known.
Therefore, it is possible that number of
morphologies is an inaccurate way to measure
species diversity, and salinity and species
diversity could indeed be correlated.
However, I believe this is unlikely. Although
the exact number of species present in every
mat type was not discovered in the course of
this study, it can be inferred that a pool
containing only types GE and Br is host to
fewer species than a pool containing types GE,
Br, and 6 other morphologies.
When
considering that correlations were indeed
found between morphology diversity and
other physico-chemical factors discussed

above, and it can be inferred that salinity and
species diversity are simply uncorrelated.
The final and most intriguing possibility is
that weather conditions were atypical during
the time the water samples were taken.
September and October 2010 were considered
to be a relative drought according to locals
(unfortunately there is no literature to confirm
this). When comparing my data to Firestone’s
(1998), it is clear that the salinity of all the
pools except for Pool 3 had higher average
salinities during my study, and no pool that
Firestone measured had a maximum salinity
greater than 44 ppt. Therefore, the salinity of
46 ppt used for the experiment may have been
too high for the GA algae to tolerate, but GA
could tolerate slightly lower-salinity water
more common to the motu, and was restricted
from the pools for other reasons. More
significantly, this would also indicate that the
cyanobacteria present in Type Br were able to
withstand salinities in the lab much higher
than they would normally experience in
nature. This would be an exciting discovery
as it would mean that cyanobacteria that
already live in a moderately extreme
environment could tolerate even more
extreme conditions if necessary.
CONCLUSION
Life exists in many extreme environments,
and the cyanobacteria in the hypersaline pools
of Motu Tiahura, Mo’orea are just one
example. Salinity is merely one of the hostile
conditions present in the pools, along with pH
fluctuation and physical isolation.
As
hypothesized, it was determined that there
were fewer types of cyanobacteria in the pools
than in nearby embayments. Though the
results are not irrefutable, there is evidence
that dispersal ability and pH fluctuation are
the main physico-chemical factors limiting
cyanobacteria distribution. There is more that
could be studied, however. Studies on Nerita
plicata and Littorina coccinea could observe
their predation habits first-hand, and more
cyanobacteria species could be studied under

high salinity and fluctuating pH. There is
much more to learn about these remarkable
microbes on the edge of the biosphere.
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APPENDIX 1: Profiles of Mat Morphologies

Type GE.
Color: grey
Texture: endolithic
Cyanobacteria: unknown

Type BG.
Color: blue-grey
Texture: crustose
Cyanobacteria: unknown

Type YG.
Color: yellow-green
Texture: crustose
Cyanobacteria: unknown

Type BM.
Color: black
Texture: mossy
Cyanobacteria: unknown

Type W.
Color: white
Texture: crustose
Cyanobacteria: likely Nostoc

Type P.
Color: pink
Texture:
Cyanobacteria: unknown

Type G.
Color: green
Texture: crustose
Cyanobacteria: likely Phormidium

Type Br.
Color: brown
Texture: gelatinous
Cyanobacteria: likely Nostoc

Nostoc sp.
Found in mat types Br and W

Type GA.
Color: green
Texture: gelatinous
Cyanobacteria: likely Phormidium

Phormidium sp.
Found in mat types GA and G

APPENDIX 2: Profiles of Pools and Embayments
Pool 1
Latitude

17°29’12.29”S

Longitude

149°54’52.46”W

Volume (m³)

12.9

Distance from
Lagoon (m)

0.2

Average
Temperature (°C)
Temperature
Standard Deviation
Average pH

26.1
0.2236
8.1

pH Standard
Deviation

0.1189

Average Salinity
(ppt)
Salinity Standard
Deviation
Number of Mat
Types

37.25
1.8930
8

Pool 2
Latitude

17°29’12.78”S

Longitude

149°54’52.32”W

Volume (m³)

14.1

Distance from
Lagoon (m)
Average
Temperature (°C)
Temperature
Standard Deviation
Average pH

0.3

pH Standard
Deviation
Average Salinity
(ppt)
Salinity Standard
Deviation
Number of Mat
Types

27.1
0.2387
8.0
0.3123
38.75
3.5
4

Pool 3
Latitude

17°29’12.12”S

Longitude

159°54’51.84”W

Volume (m³)

3.8

Distance from
Lagoon (m)
Average
Temperature (°C)
Temperature
Standard Deviation
Average pH

2.4
27.2
N/A
7.9

pH Standard
Deviation
Average Salinity
(ppt)
Salinity Standard
Deviation
Number of Mat
Types

N/A

Latitude

17°29’12.13”S

Longitude

159°54’50.59’W

Volume (m³)

150.1

Distance from
Lagoon (m)
Average
Temperature (°C)
Temperature
Standard Deviation
Average pH

9.6

34
N/A
5

Pool 5

pH Standard
Deviation
Average Salinity
(ppt)
Salinity Standard
Deviation
Number of Mat
Types

27.9
1.3953
8.3
0.2842
40
2.1602
6

Pool 6
Latitude

17°29’12.63”S

Longitude

149°54’50.61”W

Volume (m³)

6.3

Distance from
Lagoon (m)
Average
Temperature (°C)
Temperature
Standard Deviation
Average pH

23.7

pH Standard
Deviation
Average Salinity
(ppt)
Salinity Standard
Deviation
Number of Mat
Types

28.7
0.2387
8.2
0.2532
41.25
3.4034
2

Pool 7
Latitude

17°29’12.82”S

Longitude

149°54’50.27”W

Volume (m³)

4.1

Distance from
Lagoon (m)
Average
Temperature (°C)
Temperature
Standard Deviation
Average pH

28.5

pH Standard
Deviation
Average Salinity
(ppt)
Salinity Standard
Deviation
Number of Mat
Types

29.2
1.6009
8.2
0.3142
39.75
2.2174
3

Pool 10
Latitude

17°29’12.04”S

Longitude

149°54’48.88”W

Volume (m³)

113.4

Distance from
Lagoon (m)

4.7

Average
Temperature (°C)

27.8

Temperature
Standard Deviation

0.9633

Average pH

8.2

pH Standard
Deviation

0.2144

Average Salinity
(ppt)

38.25

Salinity Standard
Deviation

3.3040

Number of Mat
Types

6

Latitude

17°29’12.08”S

Longitude

149°54’48.27”W

Volume (m³)

54.1

Distance from
Lagoon (m)
Average
Temperature (°C)
Temperature
Standard Deviation
Average pH

10.5

Pool 11

pH Standard
Deviation
Average Salinity
(ppt)
Salinity Standard
Deviation
Number of Mat
Types

28
0.8503
7.9
0.2082
35.75
2.2174
5

Embayment 1
Latitude

17°29’12.40”S

Longitude

149°54’52.71”W

Volume (m³)

193.1

Average
Temperature (°C)
Temperature
Standard Deviation
Average pH

26.4

pH Standard
Deviation
Average Salinity
(ppt)
Salinity Standard
Deviation
Number of Mat
Types

0.5459
8.1
0.1155
37
2
8

Embayment 2
Latitude

17°29’11.99”S

Longitude

149°54’52.12”W

Volume (m³)

77.8

Average
Temperature (°C)
Temperature
Standard
Deviation
Average pH

26

pH Standard
Deviation
Average Salinity
(ppt)
Salinity Standard
Deviation
Number of Mat
Types

0.3536

8.1
0.2154
37
2.1602
8

Embayment 3
Latitude

17°29’11.92”S

Longitude

149°54’51.53”W

Volume (m³)

145.9

Average
Temperature (°C)
Temperature
Standard
Deviation
Average pH

26.4

pH Standard
Deviation
Average Salinity
(ppt)
Salinity Standard
Deviation
Number of Mat
Types

0.4183

8.1
0.1257
36.75
0.9574
8

Embayment 4
Latitude

17°29’11.78”S

Longitude

149°54’51.21”W

Volume (m³)

34.4

Average
Temperature (°C)
Temperature
Standard
Deviation
Average pH

26.1

pH Standard
Deviation
Average Salinity
(ppt)
Salinity Standard
Deviation
Number of Mat
Types

0.2236

8.1
0.1182
36.75
0.9574
8

Embayment 5
Latitude

17°29’11.79”S

Longitude

149°54’50.38”W

Volume (m³)

57.8

Average
Temperature (°C)
Temperature
Standard Deviation
Average pH

26.3

pH Standard
Deviation
Average Salinity
(ppt)
Salinity Standard
Deviation
Number of Mat
Types

0.2739
8.1
0.1121
36.75
1.5
7

Embayment 6
Latitude

17°29’11.99”S

Longitude

149°54’49.96”W

Volume (m³)

34.6

Average
Temperature (°C)
Temperature
Standard Deviation
Average pH

26.5

pH Standard
Deviation
Average Salinity
(ppt)
Salinity Standard
Deviation
Number of Mat
Types

0.4561
8.1
0.1108
37.5
1
7

Embayment 7
Latitude

17°29’11.90”S

Longitude

149°54’49.12”W

Volume (m³)

84.5

Average
Temperature (°C)
Temperature
Standard Deviation
Average pH

26.6

pH Standard
Deviation
Average Salinity
(ppt)
Salinity Standard
Deviation
Number of Mat
Types

0.5459
8.2
0.1917
37
1.1412
8

Embayment 8
Latitude

17°29’11.86”S

Longitude

149°54’48.61”W

Volume (m³)

117

Average
Temperature (°C)

26.7

Temperature
Standard Deviation

0.6542

Average pH

8.2

pH Standard
Deviation

0.2074

Average Salinity
(ppt)

37

Salinity Standard
Deviation

1.1547

Number of Mat
Types

8

