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Abstract

An extensive intertidal reef flat in the macro-tidal marine waters of the Northern
Territory was chosen to investigate species composition and zonation persisting under
extreme environmental conditions. Thirty-six visual belt transects were used to quantify
scleractininan corals, benthic algac and other sessile invertebrates which varied in
vertical and horizontal space. Thirty-four coral species were identified. Most species
were represented by the family Merulinidae, with lifeform characteristics typical of
species specialised in environmental tolerance to high sedimentation, turbidity and
temperature (i.e. massive, sub-massive and encrusting growth forms with convex and
steep sided morphologies, thick skeletal tissue and large polyps). Whilst the combination
of environmental and ecological characteristics of this reef flat community can be
viewed as distinctive to the Darwin region, a number of similarities can be compared to
reef communities reported in extreme environments of the Arabian Gulf, Red Sea and
other regions of tropical northern Australia.

Introduction

Coral communities which presently persist in extreme environmental conditions are
of contemporary interest towards understanding species resilience and potential for
adaptation to climate change (Hughes ef /. 2003; Bauman e/ a/. 2011, 2013a, 2013b;
Dandan e al. 2015). Predictions for climate change stressors for coral communities
include warmer sea temperature and changes in extreme episodic events such as heavy
rainfall, storms and possible sediment and nutrient debouching from rivers and run-off
(Gilmour ez al. 2006). Such environmental perturbations are known to be associated with
mass coral bleaching and sudden die off (Glynn 1993; Depczynski ez al. 2013). Coral
species of the coastal waters in the vicinity of Darwin Harbour, Northern Territory
(Wolstenholme ez al. 1997), the Kimberley coast, northwestern Australia (Dandan ez al.
2015; Schoepf e al. 2015) and the Arabian Gulf (Sheppard & Sheppard 1991; Coles
1997; Coles 2003; Riegl 1999; Bauman e a/. 2011; Riegl & Purkis 2012) survive in harsh
conditions and offer insight to species with high climatic tolerances and adaptation.

Climatic trends in this region of Australia are changing, Since 1950, the Northern
Territory average rainfall has risen 35.7 mm per decade during November—April and
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fallen 0.4 mm per decade during May—October. From 1910 to 2003, the intensity of
heavy daily rainfall gradually rose by 10% (Hennessy e a/. 2004). Water temperatures at
the shoreline may reach over 36°C at high tide, with tide pools and standing water bodies
reaching over 43 °C at low tide which is similar to the high temperature fluctuations in
the Arabian Gulf, and well above temperature ranges corals traditionally considered
limiting to coral survival (Coles 1997). Sea surface temperatures north of Australia have
been at record-breaking highs. In 2010, temperatures north of Australia broke previous
records by large margins and were also above average during the 2011-2012 La Nifia
event (Australian Bureau of Meteorology 2013).

An extensive intertidal reef flat community off the north-eastern shoreline of Darwin
Harbour was chosen to investigate coral zonation on a macro-tidal shoreline. The
marine waters of Darwin Harbour are subjected to daily and seasonal fluctuations in sea
surface temperature, light availability and extreme levels of sedimentation and turbidity
which provides insight to northern Australian coral species that have already adapted to
extreme climatic conditions.

Methods

Study site

Nightcliff Reef (Fig. 1) was surveyed at low spring tide between September and October
1994. Darwin Harbour is a ria coast formed by the post-glacial marine flooding of
a dissected plateau. Subsequent sedimentary infill has resulted in the formation of
numerous embayments, islands and extensive mangrove-vegetated tidal flats (Semeniuk
1985). The dominant lithological type is ferticrete laterite with phyllite/siltstone and this
is reflected by the presence of conspicuous medium to coarse grained lateritic pebbles
of the upper beach sediments. The coral community at Nightcliff exists as a veneer
reef by colonising hard substrates of rock and consolidated materials without accreting
substantial calcium carbonate substrata (Hooper 1987; Mitchie 1987). The community
extends seaward to a distance of approximately 500 m from the shoreline at low spring
tide.

Tides in Darwin Harbour exhibit semidiurnal inequality with a spring tidal range is in
the vicinity of 0.1-7.8 m. Tidal currents ate very strong ranging from 0.25-1.4 m/s and
recording as high as 2 m/s (Semeniuk 1985). The concentration of tivers, streams and
crecks with accompanying discharge, and the strong tidal movement of the system,
account for excessive sediment mixing and high turbidity (Michie 1987). Nightcliff Reef
is fully emersed for 2—3 hours during low spring tides that are less than 1 m. Low spring
tides occur between 1100-1600 hrs in the period September to March (wet season) and
between 2300—-0400 hrs in the period April to August (dry season).

Stratification

A topographic contour map of the reef was generated from random spot heights
measured using a digital theodolite. All heights were referenced from a survey datum
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point adjacent to Nightcliff Pier, and
were converted to metres above the
lowest astronomical tide (i.e. 0 m).
The contour map was used to stratify
the reef into three main vertical
zones: (1) the upper reef flat which
occupied a vertical height between
1.4-1.8 m; (2) the middle reef flat
between 0.9-1.4 m; and (3) the lower
reef flat between 0.3-0.9 m.

Sampling

Fig. 1. Location of Nightcliff Reef off the north-
castern foreshore of Darwin Harbour.

Sampling was conducted using four
replicate 1 m x 20 m contiguous
belt transects that were haphazardly placed in each of the upper, middle, and lower
reef flat vertical zones The sampling was repeated in three localities (north, central and
south locations) to account for any variations in substrata micro-topography, sediment
deposition and taxa composition that may occur horizontally across the reef relative
to the shoreline. In total, 36 belt transects were surveyed. Contiguous belt transect was
chosen as the sampling unit to improve the recording of small and less abundant species,
and representation of microhabitats (e.g large or small coral colonies, sand patches, tide
pools) in any given zone and locality (Chiappone & Sullivan 1991; Sullivan & Chiappone
1992). Species abundances of all sessile taxa were recorded by visual estimates of
petcentage cover and numbers of individuals for each 1 m* quadrat. Lifeform attributes
of coral colonies were recorded using categories of English e a/. (1994). When a
particular species was encountered that could not be identified in the field, a sample of the
species was collected for identification in the laboratory and also compared to collection
specimens held at the Northern Territory Museum. Original taxonomic identifications
for scleractinian corals followed that of Veron and Pichon (1976, 1980, 1982); Veron
et al. (1977); Veron and Wallace (1985) and Veron (1986). Algal identifications followed
that of Jaasund (1976); Cribb (1983); Cribb and Cribb (1985); Lawson and John (1987)
and Price and Scott (1992). Updates to recent taxonomic revisions follow Wynne (2011);
Budd ez a/. (2012); Guiry and Guiry (2013); Huang ¢# a/. (2014) and WoRMS Editorial
Board (2015). All data presented in the text and figures ate the arithmetic mean.

Results and Discussion

Atotal of 75 sessile species comprising scleractinian corals, algae, and sessile invertebrates
were identified in the 36 transects sampled across the upper, middle and lower reef flat
zones. 34 species of scleractinian corals from eight families were recorded (Table 1). The
majority of species were members of the family Merulinidae, represented by 18 species
(or 53% of all corals), followed by the Lobophyllidae and Poritidae, each represented
by 4 species (23% of all corals). All remaining 5 families were represented by 1 or 2
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species (24% of all corals). The more abundant corals, all with greater than 2% in mean
percentage cover pooled for all 36 transects, were Platygyra sinensis (Fig. 2), Porites cf

nigrescens, Astrea curta, Coelastrea aspera and Goniastrea retiformis. Secondary dominant corals
(1-2%) were Porites lutea, Lobophyllia hemprichii, Platygyra daedalea, Galaxea astreata, Favites

Fig. 2. Massive colony of Platygyra sinensis at Nightcliff Reef, Darwin Harbour. This particular
species and Coelastrea aspera have been sighted attaining colony sizes of up to 1.8 m in height.
(Lawrance Ferns)
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Table 1. Mean percentage cover of scleractinian corals, algae, other sessile invertebrates and
physical substrates at Nightcliff Reef. Lifeform categories M = massive, S = submassive, E
= encrusting, D/C = digitate/coryombose, R = ramose, T = turf, BF = bladed foliose, F =
foliose, EC = erect coralline.

Family Species Lifeform Upper Reef Flat Middle Reef Flat Lower Reef Flat
(>1.4-1.8 m) (>0.9-1.4 m) (0.3-0.9 m)
north | central | south | north | central | south | north | central | south
CORALS
Merulinidac Platygyra M 0.01 0.21 0.21 | 19.60 | 413 | 1.48
sinensis
Poritidac Porites of S/R 8.10 4.34 | 576 | 3.75
nigrescens
Merulinidac Astrea curta M 0.06 2.85 | 015 | 1.66 | 393 | 3.25 | 2.35
Merulinidac Coelastrea M 2.20 | 2.84 | 0.60
aspera
Merulinidac Goniastrea M 0.03 | 0.18 | 0.24 | 0.20 | 0.04 | 0.08 | 2.80 | 0.46 | 0.11
retiformis
Poritidac Porites lutea M 0.50 1.36
n/a Dead standing n/a 0.45 0.61 | 0.46 | 0.34
coral
Lobophylliidae Lobophyllia S 1.79
hemprichii
Merulinidae Platygyra M 0.23 1.19 | 0.26 | 0.11
/
Euphylliidae Galaxea E 0.13 1.24 | 0.25
astreata
Merulinidae Favites abdita S 0.30 | 0.03 0.60 | 043 | 0.15
Merulinidac Dipastrea M 0.20 | 0.05 0.32 0.03 | 0.28 | 0.34 | 0.04
speciosa
Merulinidae Dipastrea M 0.23 0.48 | 0.14 | 0.09
n/a Juvenile corals n/a 0.11 0.08 0.09 0.06 | 032 | 0.16 | 0.09
Merulinidae Dipastrea M 0.15 0.33 | 0.08 | 0.04
Merulinidae Dipastrea M 0.03 0.13 0.09 | 0.29 | 0.04
amicorum
Merulinidae Oyphastrea E 0.06 | 0.05 0.13 | 0.05 0.01 | 0.13
serailia
Merulinidae Dipastrea favus M 0.12 | 0.04 0.17 0.03 | 0.05
Acroporidae Acropora D/C 0.34 | 0.05
millepora
Merulinidae Dipastrea M 0.01 | 0.10 0.16 0.04
pallida
Poritidae Porites sp./ M 0.24 0.03
Poritidac Gonigpora ¢f- S 0.04 0.14 | 0.09
lobata
Lobophylliidae Symphyllia M 0.01 0.23
recta
Acroporidace Montipora E 0.13 | 0.06
encrustin,
Dendrophyllidae Turbinaria E 0.03 0.10
mesenterina
Dendrophyllidae Turbinaria T 0.10
conspicia
Merulinidae Merulina E 0.10
Scleractinia incertae sedis | Leptastrea E 0.09
urpurea
Lobophylliidae Echinophyllia E 0.09
aspera
Scleractinia incertae sedis | Leptastrea E 0.01 0.01 | 0.02 | 0.01 0.00 | 0.03
transversa
Merulinidae Cyphastrea E 0.08
microphthalma
Merulinidae Goniastrea E 0.03 0.04
pectinata

Continued on next page
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Continued from previous page

Family Species Lifeform Upper Reef Flat Middle Reef Flat Lower Reef Flat
(>1.4-1.8 m) (>0.9-1.4 m) (0.3-0.9 m)
north | central | south | north | central | south | north | central | south
Merulinidae Oyphastrea E 0.05
chalcidicum
Psammocoridae Psammocora S 0.03
contigna
Merulinidae Goniastrea M 0.03
Javulus
Lobophylliidae Moseleya E 0.01
latistellata
Subtotal: Corals 0.57 | 057 | 025 | 1475 | 0.28 | 2.07 | 41.23 | 20.80 | 9.19
ALGAE
Sargassaceae Sargassaceae BF 4.01 | 043 1.81 | 0.08
Holdfasts
Dictyotaceae Padina F 12.55 | 20.39 | 6.84 | 0.03 | 0.63 | 0.15 0.03
anstralis
Galaxauraceae Tricleocarpa T 0.16 | 0.61 | 0.69 0.23 | 0.01
fragilis
Dictyotaceae Dictyopteris sp. BF 0.09 | 1.16 0.01
Corallinaceae Amphiroa T 272 1 0.23
fragilissima
Sargassaceae Sargassopsis BF
decurrens
(Sighted only)
Rhizophyllidaceae Portieria T 1.21 0.24 | 0.05 0.30 | 0.20
hor; ji
Dictyotaceae Spatoglossum BF 0.32 | 1.24
asperum
Halimedaceae Halimeda of EC 0.01 0.01 0.12
tuna
Rhodomelaceae Palisada T 0.11 | 021 | 1.21
erforata
Rhodomelaceae Digenea T
simplex:
Cystocloniaceae Hypnea T 0.28 0.08
spinella
Rhodomelaceae Acanthophora T 0.12 | 0.13 | 0.86 0.11
spicifera
Gracilariaceae Gracilaria T 028 | 033 | 0.61
salicornia
Halimedaceae Halimeda EC 0.13 | 0.21 | 0.01 0.27 | 0.11
opuntia
Anadyomenaceae Anadyomene EC 0.22 | 0.21 | 0.07 0.26 | 0.33
plicata
Cystocloniaceae Hypnea T 0.24 | 0.10 | 0.45
Scytosiphonaceae Hydroclathrus T 0.08 | 0.51 | 0.13
clathratus
Caulerpaceae Canlerpa F 0.01 0.08
Rhodomelaceae Lanrencia T 0.04 | 0.09
majuscula
Rhodomelaceae Lanrencia T 0.12 | 0.05 0.17
intricata
Rhodomelaceae Tobhpiocladia T 0.01 | 0.01 | 0.22 0.09
P
Callithamniaceae Cronania T 0.01 | 0.03 | 0.29
Caulerpaceae Canlerpa F 0.03
Galaxauraceae Dichotomaria T
obtusata
Caulerpaceae Canlerpa F 0.04
serrulata

Continued on next page
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Family Species Lifeform Upper Reef Flat Middle Reef Flat Lower Reef Flat
(>1.4-1.8 m) (>0.9-1.4 m) (0.3-0.9 m)
north | central | south | north | central | south | north | central | south
Gelidiellaceae Gelidiella T 0.08 | 0.05 | 0.03
acerosa
Rhodomelaceae Launrencia T 0.05 0.04
obtusa
Cystocloniaceae Hypnea T 0.02 0.03 0.02
pannosa
Cystocloniaceae Hypnea cornuta T 0.02
Ulvaceae Ulva F 0.03 0.02
intestinalis
Champiaceae Champia T 0.04
parvitla
Pithophoraceae Dictyosphaeria F 0.04
cavernosa
Cystocloniaceae Hypnea of T 0.03
b,
Solieriaceae Sarconema T 0.01 0.01
iliforme
Dichotomosiphonaceae | Avrainvillea F 0.01
erecta
Dasycladaceae Neomeris F 0.01
Dictyotaceae Dictyota BF
bartayresiana
(Sighted
Only)
Sub-total: Algae 20.05 ]26.06 | 11.82 ] 0.05 | 6.87 | 1.12 | 0.03 0.05
SESSILE
INVERTEBRATES
Sponges 0.25 028 | 0.03 | 17.58 | 2.63 | 0.09 | 0.48 | 0.08 | 0.04
Other fauna (ascidians, 0.03 0.04 0.01
soft corals)
BARE SUBSTRATES
Coarse sand 2.84 | 11.79 57.40 526 | 3.46 | 4.06
Coral rubble 6.90 53.01 | 75.67 | 86.84
Muddy Rock 72.88 | 55.93 | 74.51 82.09 | 78.12
Muddy Sand 354 | 548 | 1341 | 331 | 815 | 1859
Total (% Cover) 100 100 | 100 100 100 100 100 100 100

abdita, Dipastrea speciosa, and Dipastrea rotumana. Corals with ‘massive’ and ‘sub-massive’
lifeforms were the most common growth morphologies with 20 species (or 59% of all
corals). The other main lifeform was ‘encrusting’ comprising 12 species (35% total of
all corals). Only one species with digitate and tabulate lifeform categories were recorded
(6% of all corals).

Coral abundance and species richness varied between vertical zones and horizontal
localities across the reef. Physical factors such sediment type, micro-topography, standing
water, with the relative influence of each factor shifting between and within vertical
zones and localities, is the likely cause of the observed variation (Table 1). Species cover
and richness increased markedly seaward from the upper reef flat zone (1.4-1.8 m) to
the lower reef flat zone (0.3—0.9 m) which has the highest coral abundance and species
richness. This is consistent with similar studies that have found intertidal corals to be
more successful below 1 m tidal height elevations and reaffirms the period of emersion
time is an important factor determining the their upper vertical limit (Morrissey 1980;
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Bull 1982). Coral abundance and species richness was significantly higher on the lower
reef flat at the northern extent of the reef (41% mean cover, 26 species), and decreased
towards the southern extent (9% mean cover, 13 species). This is attributed to a notable
decrease in fine sediments at the northern extent, combined with a higher proportion of
coral rock and rubble, and the presence of small tide pools with standing water (Table 1).
High levels of fine sedimentation on substrates are not conducive to coral recruitment
and growth (Rogers 1990; Rogers ¢f al. 1994). It is postulated that predominant north-
westerly tidal movement drives local cross-shore transport of finer sediment from north
to south.

The coral species and lifeforms in these extreme conditions are characteristic of those
that occupy sheltered reefs with high sedimentation and turbidity (Rosen 1971; Chappel
1980; Done 1982). Species with massive, submassive and encrusting life forms are more
tolerant to thermal stress (Marshall & Baird 2000), while convex and steep sided growth
morphologies facilitate sediment flow off surfaces (Lasker 1980; Rogers 1990). The most
diverse species were from the Merulinidae, which are represented by species that are
tolerant of thermal stress (Depczynski ef al. 2013; Schoepf ef al. 2015) and well defined
association with turbid water and lengthy periods of emersion. Corals with large polyps,
like most species from the Merulinidae are efficient at removing sediment (Marshall &
Orr 1931), and species such as Dipastrea spp., Goniastrea spp, Lobophyllia hemphrichii, Astrea
curta, Platygyra spp., and Symphyllia recta can easily manipulate silt and fine sands (Stafford-
Smith & Ormond 1992). Species of the genera Coelastrea and Goniastrea, for example, are
often found in conditions where corals may not be expected to survive (Veron 1986) and
are dominant in high latitude reefs in waters of high nutrients and turbidity (Thomson
& Frisch 2010). In the Arabian Gulf region, the Merulinidae has a greater representation
of species compared to other coral families such as Acroporidae which has greater
species diversity in the Indo-Pacific region (Coles 1993; Foster & Foster 2013).

Species of the Acroporidae were scarce, with only two species represented at very low
coral cover. The Acroporidae is reported to occur in other regions with high thermal stress
(e.g. Craig et al. 2001; Bauman ez a/. 2013b; Dandan ef al. 2015; Schoepft ez al. 2015). At
Nightcliff Reef itis probably further limited by the high turbidity as it is a poor sediment
rejector with small polyps less than 2 mm diameter (Stafford-Smith & Ormond, 1992).
However, a small-polyped species, Porites cf. nigrescens (Poritidae) was abundant on the
middle and outer reef zones. This species has also been recorded as abundant amongst
a coral community surveyed at Cobourg Peninsula, Northern Territory (Billyard 1995)
and to the west on macro-tidal reef flats and lagoons off Sunday Island at the mouth
of King Sound, Western Australia (Dobson 1999). In further regions, Porities nigrescens
is reported as common on turbid fringing reefs to the south of Saudi Arabia (Jeddah
to Jizan), but disappears to the north in clearer waters (Sheppard 1985). The species is
regarded as a shallow water reef builder in environments with low light intensities and
low wave energy (Cabioch ez /. 1999). In northern Australia it appears to have adopted a
similar niche to that occupied by Montipora digitata that is common on more sedimented
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inshore reefs of eastern Australia, such as the reef flats of Magnetic Island, Queensland
(Bull 1982; Mapstone ez al. 1992).

Sediments for the upper and middle reef flat zones across the majority of localities
were predominantly muds and silts on rock with intervening patches of muddy sand.
Benthic algae were both more abundant and more diversely represented in these zones
and collectively contributed to 38 species (Table 1). The brown foliose species Padina
anstralis dominated the upper reef flat zone. Other conspicuous bladed foliose algae
included Sargassacea holdfasts (probably Sargassopsis decurrens), Splatoglossum asperum and
Dictyopteris sp. Considerable turf forming algae were also present on the upper reef flat
zone, and dominated in the middle reef flat zone with Amphiroa fragilissima, Portieria
hornemanni, Tricleocarpa fragilis, Acanthophora specifera, Gracilaria salicornia and Anadyomene
plicata visually conspicuous and varying in relative abundance across localities.

The lower reef flat zone, which was dominated by corals, exhibited minimal algal
cover (0.03-0.05% mean cover, Table 1). There was no evidence of competition from
algae with corals as described in eastern Australia (Morrisey 1980), the Arabian Gulf
(Sheppard ez al. 1992) and the Red Sea (Loya 1977b). It appears corals have a competitive
advantage in this lower reef flat zone due to the greater water depth and ability to
cope with the high turbidity which results in lower light availability to benthic algae.
In the shallower upper tidal zones, longer and more frequent emerison times exclude
most coral species, and this allows rapid colonisation of benthic algae which also gain
improved light attenuation for photosynthesis.

The algal species recorded at Nightcliff Reef have been widely reported across the
Indo-Pacific, from Tanzania (Jassund, 19706) to eastern Australia (Morrissey 1980; Ngan
& Price 1980). The abundance of benthic algal species at Nightcliff Reef is likely to be
seasonal with species exhibiting variable growth and dominance between wet and dry
seasons (e.g. Benayahu & Loya 1977b; Lawson & John 1987; Vuki & Price 1994). The
dominance of fleshy brown algae in the upper reef flat zone, with the co—occurrence of
turfing algae is similar to the reef flat zonation described in the Gulf of Eilat, Red Sea
(Benayahu & ILoya 1977a, 1977b).

A notable observation was the limited representation of erect coralline algae from
the genus Halimeda which is an important contributor to calcium carbonate accretion
and grows abundantly on reef flats in castern Australia (Morrissey 1980), Guam
(Merten 1971) and the Gulf of Mannar, India (Rao 1972). However, in similar extreme
environmental conditions such as the Arabian Gulf region, Halimeda is not recognised as
a major component of inshore reefs (Sheppard 1985; Sheppard ez al. 1992).

The coral species of Darwin Harbour offer valuable insights to physiological and
evolutionary adaptations to persist in the most extreme environmental conditions. It is
evident from this study and comparative investigations elsewhere that species with large
polyps, thick skeletal tissue and massive or submassive lifeform strategies are amongst
the most successful to surviving high sedimentation, nutrients and water temperatures.
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The close proximity of Nightcliff Reef to coastal development, land—based sources
of pollution and marine development combined with the changing climate pose future
conservation challenges for this reef which is currently deemed at high risk to integrated
local threatening processes (Burke ef al. 2011).

Acknowledgments

I am grateful to the Parks and Wildlife Commission of the Northern Territory for
funding, and support from Michael Guinea, Ron Billyard, Ian Fulton, Belinda Oliver,
Ian Price and John Collins. This research was conducted towards partial fulfillment of a
Bachelor of Honours degree at the Chatles Darwin University.

References

Australian Bureau of Meteorology (2013) Record sea surface temperatures. <http:/ /www.bom.gov.au/
climate/enso/history/In-2010-12/SST-records.shtml> (accessed 15 November 2013).

Bauman A.G., Baird A.H. and Cavalcante G.H. (2011) Coral reproduction in the world’s warmest
reefs: southern Persian Gulf (Dubai, United Arab Emirates). Cora/ Reefs 30, 405-413.

Bauman A.G., Pratchett M.S., Baird A.H., Riegl B., Heron S.F and Feary D.A. (2013a) Variation
in the size structure of corals is related to environmental extremes in the Persian Gulf. Marine
Environmental Research 84, 43-50.

Bauman A.G., Feary D.A., Heron S.F, Pratchett M.S. and Burt J.A. (2013b) Multiple environmental
factors influence the spatial distribution and structure of reef communities in the northeastern
Arabian Peninsula. Marine Pollution Bulletin 72, 302—312.

Benayahu Y. and Loya Y. (1977a) Space partitioning by stony corals, soft corals and benthic
algae on the coral reefs of the northern Gulf of Eilat (Red Sea). Helgolander Wissenschiftliche
Meeresuntersuchungen 30, 362—382.

Benayahu Y. and Loya Y. (1977b). Seasonal occurrence of benthic-algae communities and grazing
regulation by sea urchins at the coral reefs of Eilat, Red Sea. In: Proceedings of Third International
Coral Reef Symposinm Volume 1: Biology (ed. Taylor D.L.), pp. 383-390. Rosenstiel School of
Marine and Atmospheric Science, Miami, Florida.

Billyard RW. (ed) (1995) The Cultural and Ecological Significance of Popham Creek, Cobonrg Peninsula.
Parks and Wildlife Commission of the Northern Territory, Darwin, Australia.

Budd A.E, Fukami H., Smith N.D. and Knowlton N. (2012) Taxonomic classification of the reef
coral family Mussidae (Cnidaria: Anthozoa: Scleractinia). Zoological Journal of the Linnean Society
166, 465-529.

Burke L. M., Reytar K., Spalding M. and Perry, A. (2011) Reefs at Risk Revisited. World Resources
Institute, Washington, DC.

Cabioch G., Camoin G. and Montaggioni L. (1999) Postglacial growth history of a French
Polynesian barrier reef tract, Tahiti, central Pacific. Sedimentology 46, 985—1000.

Chappell J. (1980) Coral morphology, diversity and reef growth. Nazure 286, 249-252.

Chiappone M. and Sullivan K.M. (1991) A comparison of line transect versus linear percentage
sampling for evaluating stony coral (Scleractinia and Milleporina) community similarity and
area coverage on reefs of the central Bahamas. Cora/ Reefs 10, 139-154.

Coles S. L. (1997) Reef corals occurring in a highly fluctuating temperature environment at Fahal
Island, Gulf of Oman (Indian Ocean). Cora/ Reefs 16, 269-272.

Coles S. L. (2003) Coral species diversity and environmental factors in the Arabian Gulf and the
Gulf of Oman: a comparison to the Indo-Pacific region. A7/l Research Bulletin 507, 1-19.




94 Northern Territory Naturalist (2016) 27 Ferns

Cribb A.B. (1983) Marine Algae of the Southern Great Barrier Reef. Part 1. Rhodophyta. Australian Coral
Reef Society Handbook No. 2, Brisbane.

Cribb A.B. and Cribb J. W. (1985) Plant Life of the Great Barrier Reef and Adjacent Shores. University
of Queensland Press, St. Lucia, Australia.

Craig P, Birkeland C. and Belliveau S. (2001) High temperatures tolerated by a diverse assemblage
of shallow-water corals in American Samoa. Coral Reefs 20, 185-189.

Dandan, S.S., Falter, J.L., Lowe, R.]. and McCulloch, M.T. (2015) Resilience of coral calcification
to extreme temperature variations in the Kimberley region, northwest Australia. Cora/ Reefs
34, 1151-1163.

Depczynski M., Gilmour J. P, Ridgway T., Barnes H. ¢# /. (2013) Bleaching, coral mortality and
subsequent survivorship on a West Australian fringing reef Coral Reefs 32, 233-238.

Dobson G. (1999) Assessing and limiting predation and other sources of mortality in reseeded Trochus
niloticus. Unpublished MSc Thesis. Northern Territory University, Darwin.

Done T.J. (1982) Patterns in the distribution of coral communities across the central Great Barrier
Reef. Coral Reefs 1, 95-107.

English S., Wilkinson C. and Baker V. (eds.) (1994) Survey Manunal for Tropical Marine Resonrces.
Australian Institute of Marine Science, Townsville.

Foster K.A. and Foster G. (2013) Demography and population dynamics of massive coral
communities in adjacent high latitude regions (United Arab Emirates). PLoS ONE 8, ¢71049.

Gilmour J.P, Cooper T.F, Fabricius K.E. and Smith L.D. (2006) Early Warning Indicators of Change
in the Condition of Corals and Coral Communities in Response to Key Anthropogenic Stressors in the
Pilbara, Western Australia. Australian Institute of Marine Science, Western Australia.

Glynn PW. (1993) Coral reef bleaching: ecological perspectives. Coral Reefs 12, 1-17.

Guiry M.D. and Guiry G.M. (2013) AlgaeBase. World-wide electronic publication, National
University of Ireland, Galway. <http://www.algacbase.org> (accessed 12 December 2015).

Hooper JN.A. (1987). Structural features of the benthic community of East Point Fish Reserve.
A comparative study between oceanic, nearshore and inshore reefs of Northwest Australia.
In: Proceedings of a workshop on research and management held in Darwin, 2—3 September, 1987 (eds
Larson H.K., Michie M.G. and Hanley J.R.), pp. 215-225. Australian National University,
North Australia Research Unit, Darwin.

Huang D., Benzoni E, Fukami H., Knowlton N., Smith N. D. and Budd A. E (2014) Taxonomic
classification of the reef coral families Merulinidae, Montastracidae, and Diploastracidae
(Cnidaria: Anthozoa: Scleractinia). Zoological Journal of the Linnean Society 171, 277-355.

Hughes T. P, Baird A. H., Bellwood D. R., Card M. ¢# a/. (2003). Climate change, human impacts,
and the resilience of coral reefs. Scence 301, 929-933.

Jaasund E. (1976) Intertidal Seaweeds in Tanzania: A Field Guide. University of Tromse Press, Norway.

Lasker H.R. (1980). Sediment rejection by reef corals: the role of behaviour and morphology
in Montastrea cavernosa (Linnaeus). Journal of Experimental Marine Biology and Ecology 47, 77-87.

Lawson G.W. and John D-M. (1987) The Marine Algae and Coastal Environment of Tropical West Africa.
J. Cramer Publisher, Berlin.

Mapstone B.D., Choat J.H., Cumming R.L. and Oxley W.G. (1992) The Fringing Reefs of Magnetic
Island: Benthic Biota and Sedimentation — a Baseline Study. Great Barrier Reef Marine Park Authority
Research Publication No.13, Townsville.

Marshall PA. and Baird A.H. (2000) Bleaching of corals on the Great Barrier Reef: differential
susceptibilities among taxa. Cora/ Reefs 19, 155-163

Marshall SM. and Orr AP (1931) Sedimentation on Low Isles Reefs and its relation to coral
growth. Scientific Report of the Great Barrier Reef Expedition 3, 273-312.




Coral communities in extreme environments Northern Territory Naturalist (2016) 27 95

Merten M.J. (1971) Ecological observations on Halimeda macroloba Decaisne (Chlorophyta) on
Guam. Micronesia 7, 27-44.

Michie M.G. (1987) Distribution of Foraminifera in a macrotidal tropical estuary, Port Darwin,
Northern Territory of Australia. Australian Journal of Marine and Freshwater Research 38,
249-259.

Morrissey J. (1980) Community structure and zonation of macroalgae and hermatypic corals on a
fringing reef flat of Magnetic Island Queensland, Australia. Aguatic Botany 8, 91-139.

Ngan Y. and Price L.R. (1980) Distribution of intertidal benthic algae in the vicinity of Townsville,
Tropical Australia. Awustralian Journal of Marine and Freshwater Research 31, 175-191.

Price LR. and Scott EJ. (1992) The Turf Algal Flora of the Great Barrier Reef. Part 1 Rhodophyta. James
Cook University of North Queensland Press, Townsville.

Rao M. (1972) Coral reef flora of the Gulf of Mannar and Palk Bay. In Proceedings of the 1st
International Symposium on Corals and Coral Reefs (eds Mukundan M. and Gopinadha Pillai C.S.),
pp- 217-230. Marine Biological Association of India, India.

Riegl B. (1999) Corals in a non-reef setting in the southern Arabian Gulf (Dubai, UAE): fauna and
community structure in response to recurring mass mortality. Cora/ Reefs 18, 63—73.

Riegl B. and Purkis S. (eds) (2012) Coral Reefs of the Gulf: Adaptation to Climatic Exctremes. Coral Reefs
of the World Volume 3, Springer, Netherlands.

Rogers C.S. (1990) Responses of coral reefs and reef organisms to sedimentation. Marine Ecology
Progress Series 62, 185-202.

Rogers C.S., Fitz H.C., Gilnack M., Beets J. and Hardin . (1984) Scleractinian coral recruitment
patterns at Salt River Submarine Canyon. St. Croix, US.V.I. Coral Reefs 3, 69-76.

Rosen B.R. (1971) Principal features of reef coral ecology in shallow water environments of
Mahe, Seychelles. Symposium of the Zoological Society of London 28, 163—183.

Schoepf V., Stat M., Falter ].L. and McCulloch M. (2015) Limits to thermal tolerance of corals
adapted to a highly fluctuating, naturally extreme environment, Science Report 5, Article 17639.

Semeniuk V. (1985) Mangrove environments of Port Darwin, Northern Territory: the physical
framework and habitats. Journal of the Royal Society of Western Australia 67, 81-97.

Sheppard C. and Sheppard A. (1991) Corals and coral communities of Arabia. Fauna of Arabia
12, 3-17.

Sheppard CR.C,, Price A. and Roberts C. (1992) Marine Ecology of the Arabian Region. Patterns and
Processes in Extreme Tropical Environments. Academic Press, London.

Stafford-Smith M.G. and Ormond REG. (1992) Sediment-rejection mechanisms of 42 species
of Australian scleractinian corals. Australian Journal of Marine and Freshwater Research 43,
683-705.

Sullivan K.M. and Chiappone, M. (1992) A comparison of belt quadrat and species presence/
absence sampling of stony coral (Scleractinia and Milleporina) and sponges for evaluating
species patteming on patch reefs of the central Bahamas. Bulletin of Marine Science 50, 464—488.

Veron J.EN. (1986) Corals of Australia and the Indo-Pacific. Angus and Robertson, Australia.

Veron J.E.N. and Pichon M. (1976) Scleractinia of Eastern Australia. Part 1. Families Thamnasteriidae,
Astrocoeniidae, Pocilloporidae. AIMS Monograph Series 1, Australian Institute of Marine Science,
Townsville.

Veron J.E.N. and Pichon M. (1980) Scleractinia of Eastern Aunstralia. Part 111. Families Agaraciidae,
Stiderastreidae, Fungiidae, Oculinidae, Mernlinidae, Mussidae, Pectiniidae, Caryophyllizdae, Dendrophylliidae.
AIMS Monograph Series 4, Australian Institute of Marine Science, Townsville.

Veron J.EN. and Pichon M. (1982) Scleractinia of Eastern Australia. Part IV, Families Poritidae. AIMS
Monograph Series 5, Australian Institute of Marine Science, Townsville.




96 Northern Territory Naturalist (2016) 27 Ferns

Veron J.JEN,, Pichon M. and Wijsman-Best M. (1977) Scleractinia of Eastern Australia. Part 11.

Families Faviidae, Trachyphyllidae. AIMS Monograph Series 3, Australian Institute of Marine
Science, Townsville.

Veron J.E.N. and Wallace C.C. (1984) Scleractinia of Eastern Aunstralia. Part V. Family Acroporidae.
AIMS Monograph Series 6, Australian Institute of Marine Science, Townsville.

Vuki V.C. and Price LR. (1994) Seasonal changes in the Sargassum populations on a fringing reef,
Magnetic Island, Great Barrier Reef Region, Australia. Aguatic Botany 48, 153—166.

Wolstenholme J., Dinesen Z.D. and Alderslade P. (1997) Hard corals of the Darwin region,
Northern Territory, Australia. In: Proceedings of the Sixth International Marine Biological Workshop:
The Marine Flora and Fauna of Darwin Harbonr, Northern Territory, Australia (ed. Hanley R),

pp. 381-398. Museum and Art Gallery of the Northern Territory and the Australian Marine
Sciences Association, Darwin.

WoRMS Editorial Board (2015) Worid Register of Marine Species. <http:/ /www.marinespecies.org>
(accessed 24 November 2015).

Wynne M.J. (2011) The benthic marine algae of the tropical and subtropical Western Atlantic:
changes in our understanding in the last half century. A/gae 26, 109—-140.




