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Ocean dynamics drive coral reef processes in the Andaman Sea

Claudio Richter', Mélanie Bon', Laura Fillinger®, Carin Jantzen®,
Cornelia Roder*, Gertraud Schmidt!, Niphon Phongsuwan?, Somkiat Khokiattiwong?

'Center for Tropical Marine Ecology, Fahrenheitstr. 6, D-28359 Bremen, Germany
“Phuket Marine Biological Center, Sakdidet Rd., Phuket, Thailand

Coral reefs are rich benthic ecosystems thriving in nutrient-poor waters. A striking
feature of the Andaman Sea is the exposure of offshore reefs to large amplitude internal
waves. These solitary-like waves (or solitons) are generated by the ebb and flow of water
across the shallow ridges of the Andaman-Nicobar island arc and propagate along the
density discontinuity (pycnocline) between warm surface and colder deep waters
pycnocline with speeds of ~2 m s-1 and amplitudes of up to 80 m. Here, we show that the
dissipation of the solitons energy in shoaling water enhances pelagic-benthic coupling
along the continental margin, due to turbulent mixing near the sea bed, entrainment of
interstitial and subpycnocline nutrients, and formation of bores. These ’solibores’ supply
nutrients and plankton to the benthos of the Similan Islands. Lowered

temperature, pH and light hamper, however, coral photosynthesis and calcification, and
their resilience against macroalgal competitors and grazers, resulting in low or negative
reef growth. The frequency and intensity of cold bores (with temperatures drops of up to
10°C within only minutes) may on the other hand increase the corals. resilience to
thermal stress. The findings have important repercussions on the Similan reefs which
have been impacted by earlier bleaching and recent Tsunami. Because solitons are
ubiquitous in the Andaman Sea and elsewhere, they may be an important yet so far
overlooked mechanism structuring benthic communities in tropical waters.
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Introduction
Coral reefs are rich benthic ecosystems thriving in warm and nutrient-poor
waters, where high aragonite supersaturation (Q>3.5) and high light intensities
favour calcification and reef growth in wel-flushed shallow walers. Coral reefs

are thus most well developed along the windward sides of barrier reefs and v
oceanic islands. The offshore Similan I slands facing the Andaman Sea harbour
flourishing reefs of international acclaim - albeit on their sheltered eastern sides;
the exposed western sides are barren granile rock. Here, we explore the
hypothesis that the paradoxical pattern of reef development is due to the
breaking of very large amplitude intemal waves (Fig. 1), generating bores
furnishing cold, nutrient-rich, low aragonite and turbid subpycnocline waters into
shallow waters where they effectively inhibit reef growth.

Methods and Results

Ve combined oceanographic surveys, sensor arrays on moorings and marine
ecological work to assess the occurrence and fate of solitons impinging on the
Similan sheff, their effect on the biogeochemical environment and the benthos.
Simultaneous temperature records on either sides of Koh Miang, Similan
Islands, separated by less than 200 m (yellow and green arrows in Fig. 1 E)
show marked differences in temperature variability and level (Fig. 2): W Miang is
overall ~1°C colder than E Miang, with violent oscillations of temperature of up
to 10°C within only minutes. E Miang, by constrast, features only moderate

temperature changes.
Combined temperature and current records show that the negative temperature
spikes are due to the arrival of bores which spill cold and turbid water onshore

Fig. 1 Bathymetric map of the Andaman Sea (A)
showing the Andaman-Micobar |sland arc enclosing
the deep basin. The waxing and waning of the tides

Fig. 3).

The low temperature, and concomitant drops in pH (Fig. 4) and, hence,
aragonite saturation (Q<3.5) decrease coral calcification.

G L

ey

Depth m)

force s water across the shallow sill and downslope in
cascades. When the tides abate lee waves are
generated which detach from the island slope and
propagate eastwards along the density interface
(pycnocling) between surface and deep waters as
solitary-like wave packets (solitons). They are
identified in the deep ocean as waves of depression
with amplitudes of 60-80 m (B, temperature vs depth
and time, from Osbome & Burch 1980). Surface
waves of 1-2 m height and 10s to 100 kms long
indicate the leading leading edge of the solitons and
allow detection of solitons by remote sensing (C,
synthetic aperture radar image of one of the
generation sites near Aceh at the northern tip of
Sumatra, Indonesia); D, visible light image, from
Jackson 2004). Shoaling solitans contaur the 90 m
isobath  near the Similan Island shelf edge off
Phuket, Thailand. A stiking feature of the Similans
(E) and other Andaman Sea offshore islands is the
absence of reefs on the ocean-exposed sides of the
islands (azurwaters yelluw arrow WY of Koh Miang) -

ol Fig. 2. Ten-day time series of
v temperature recorded at 20 m
1 depth on the YW (hlue) and E
| (red) sides of Koh Miang,
| Similan lslands. Solid lines are
median hourly values, stippled
lines the hourly max. and min.
values. Temperatures may drop
up 1o 10°C in the course of only
in g
A @04 n Al of e Sdlepke
m..m: L1 o, T a0 o ek
o, oo e, Mz ertn, VA

stiome AR, BuchT L (S5 Flerrel sliors I Fe
Frdzman Sea e (b, TR(cw Y o -l

Fig 3. Six-hour time series Uflemperalure (cunluurs upper panel), currents

T (hewrs)

s wa

(upper and lower panel, onshore: arrow to the right, up: arrow-up), and e
~- backscatter intensity {contours, lower panel) recorded atvarious depths of the tot
* water column down to 20 m on the W side of Koh Miang, Similan lslands.

Solibores (blue intrusions of cold water, upper panel, are associated with

strang and oscillating currents, as well as turbid waters (red contours, lower

Conclusions

Both, direct and indirect effects (e.g. increased bioerosion and
competitive advantage of macroalgae due to enhanced nutrient
. inputs) of soliton-generated bores hamper coral reef growth i
~ the Similan Islands, Andaman Sea. Because solions a

Vol Bs B g

Time rocrs)
Fig 4. Twentyfour-hour time series of (up to low panels) temperature, salinity,
axygen, pH, Chloraphyll & and tidal heights on the WY side of Koh Miang,
Similan Islands. Soliboras are visible as jagged deviations from armbient levels
Physico-chemical variables are closely correlated, whereas biological

parameters (chloraphyll) is only weakly associated with solitons

= ubiquitous in the Andaman Sea and elsewhere, they may be
] an imporiant yet so far overlooked mechanism structuring
benthic communities in the tropics and contribute to the
dazzling species richness around the volcanic island arcs of]
Southeast Asia - the center of coral biodiversity.

Ocean-Reef Coupling in the Andaman Sea (ORCAS) Team: C. Richter'’, M. Bon', L. Filinger', C. Jantzen', U. Krumme!', N.
Phongsuwan:, C. Roder!, S. Satapoomin2, G. Schmidl!, S. Khokiattiwong?
1ZMT; ZPhuket Marine Biological Center, Sakdidet Road, Phuket, Thailand; *crichtei@zmt-bremen. de

' Center for Tropical Marine Ecology
Fahrenheitstr. 6, 28359 Bremen

www.zmt-bremen.de
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Soliton-enhanced mixing in the Andaman Sea
Richter, C.}, Khokiattiwong, S.> and ORCAS Team

'Center for Tropical Marine Ecology, Fahrenheitstr. 6, D-28359 Bremen, Germany
“Phuket Marine Biological Center, Sakdidet Rd., Phuket, Thailand

A striking feature of the Andaman Sea is the occurrence of very large amplitude
internal waves. These solitary-like waves (or solitons) are generated by the ebb and flow
of water across the shallow ridges of the Andaman-Nicobar island arc and propagate
along the density discontinuity (pycnocline) between warm surface and colder deep
waters pycnocline with speeds of ~2 m s™ and amplitudes of up to 80 m. Here, we show
that the dissipation of the solitons’ energy in shoaling water enhances pelagic-benthic
coupling along the continental margin, due to turbulent mixing near the sea bed,
entrainment of interstitial and subpycnocline nutrients, and formation of bores. These
'solibores' supply nutrients into the surface layer which fuel pelagic productivity, but low
temperature and low aragonite saturation state impedes coral development in shallow
waters. Because solitons are ubiquitous in the Andaman Sea and elsewhere, they may be
an important yet so far overlooked mechanism structuring marine communities in
tropical waters.
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Abstract

High amplitude solitary internal waves, or solitons, travel from West to East in the
Andaman Sea. The Similan Islands, worldwide known for their coral reefs lie in the path
of these solitons. The point of this study was to assess the direct and indirect impacts of
internal waves on the zooplankton and seston around the Similan, and how this might
affect the enthic community. For this purpose, plankton and water samples were taken
offshore in the thermocline and near the islands on the side exposed to the solitons (West)
and on the heltered side (East). Periodically, internal waves can cause temperature drops
of up to 10-C over a few minutes by 20m depth, particularly on the west side of the
Similan. Their cold water contains less zooplankton and more nutrients, especially
nitrates than the normal reef water. These characteristics were comparable to parameters
measured in the thermocline. The solitons also presented a high sediment load and were
related to an increase of barnacle arvae. Solitons are a source of stress for the corals: they
bring cold waters charged with sand and don’t represent a significant supply of
zooplanktonic food. This could partly explain the configuration of the coral reefs in the
Similan Islands. Nevertheless, they might also benefit to the ecosystem by transporting
meroplanktonic larvae from offshore and nutrients from the thermocline. Their
occurrence in related to the depth of the hermocline, as such, they might not be reaching
the islands all year round.

M.Sc. Thesis in International Studies in Aquatic Tropical Ecology
Presented to the University of Bremen, Faculty for Biology & Chemistry
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Abstract

Bleaching events are getting more and more frequent all around the world, and the
understanding of the mechanisms responsible for this are considered of great importance
for the future of coral reef in a context of global warming. The corals from Thailand have
been reported to bleach less intensively on the Andaman coast than on the Gulf of
Thailand. A possible explanation for this resistance could be the particularity of the
oceanographic conditions due to the presence of internal waves in the Andaman Sea.
They produce a highly variable environment reaching the reef as solibores and inducing
rapid and drastic drops of temperature of several degrees in few minutes. In this study, it
was experimentally tested if the massive coral Porites lutea is impacted by these
temperature fluctuations in its response

to thermal stress. For this, traditional parameters like zooxanthellae density and
chlorophyll concentration were used, as well as a more recent technique: the diving PAM
fluorometer. Corals coming from a high variable environment were in general less
affected by thermal stress than the ones used to more constant conditions. This suggests
that they are more resistant. Under thermal stress, the symbiont densities and the
photosynthetic efficiencies were higher in presence of temperature variations. This



implies that frequent but short-time cooling could help corals to cope with high
temperature.

M.Sc. Thesis in International Studies in Aquatic Tropical Ecology
Presented to the University of Bremen, Faculty for Biology & Chemistry
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Abstract

The Andaman Sea features large amplitude internal waves (LAIWSs) of exceptional amplitude (> 80
m). The Similan Islands are located in the swash zone of LAIWSs and their LAIW-exposed west sides
(W) experience perturbations in temperature (cold drops of up to 4 °C), total inorganic nutrients (>
1.84 uM) and light levels (~30 %), compared to the sheltered east sides (E). Here, we oppose relative
cover and metabolism of the main benthic primary producers (sedimentary microphytobenthos, turf
algae, scleractinian corals) at LAIW-exposed and LAIW-sheltered sites at Koh Miang, Similan
Islands. The LAIW-exposed W coincided with lower live coral (28 %), and higher turf algae (36 %)
cover compared to the sheltered E reef (68 % and 8 % cover, respectively). Respective algae and
sediment samples displayed similar chl-a contents at all sites, but net photosynthesis by turf algae
increased with rising LAIW influence, whereas the sedimentary metabolism had a reduced overall
activity on W. The dominant reef-building coral Porites lutea showed comparable net photosynthesis
on both island sides, but 40 % higher pigment concentrations at W, indicating adaptation to lower
light availability, facilitated by higher nutrient concentrations. Turf algae were the dominant primary
producers on the W of Koh Miang, and the microphytobenthos on the sheltered E, with corals
contributing less than 15 % to the gross primary production on either side. In spite of the profound

effects of LAIWs on the metabolism of each respective primary producer, the overall primary



production was similar at both W and E, respectively, indicating high adaptability of benthic

ecosystems to cope with different environmental conditions.

Coral community and physico-chemical characteristics in response to Large Amplitude

Internal Waves
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’Phuket Marine Biological Center, Phuket, Thailand

*Leibniz Center for Tropical Marine Ecology, Bremen, Germany

Abstract

The Similan Islands (Thailand), Andaman Sea, feature an unusual coral reef distribution: reefs
flourish on the sheltered shelf sides east of the islands (E) whereas the ocean-facing west (W) sides
lack a true reef framework. Here, we show that the striking differences in reef development,
occurring at spatial scales of only tens to hundreds of metres, are consistent among the islands and
related to Large Amplitude Internal Waves (LAIW). Two year temperature records show that LATW
have their strongest impact on the deeper parts of the W Similans where they may cause frequent
(several events per hour) and abrupt (up to 10°C, in the order of minutes) drops in temperature with
peak activity during the NE monsoon (January through April). Physical and chemical oceanographic
analyses show that LAIW advect deep cold, nutrient-rich, suboxic and low-pH waters (0.6 pH units
below ambient) into shallow near shore areas, and provide a dramatically altered growth environment
for W slope benthic communities. In contrast to E reefs, which are dominated by a low number of
frame-building species, the W slopes harbour only loose, however more diverse communities of
scattered corals growing directly on the granite basement, often with modified phenotypes
(broadened bases, reduced ramification). LAIW, which are ubiquitous in SE Asia and beyond,
provide a so far understudied source of physico-chemical-biological disturbance operating at different

spatio-temporal scales compared to the well-known physical effects of storms. In the light of the wide



range and complex nature of environmental variability involved, LAIW may hold a clue to coral

resilience in an era of global change.

This manuscript is planned to be submitted to Marine Ecological Progress Series
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Observations of internal solitary wave propagating to the western coast of Similan Islands were conducted
during the northeast monsoon. Depressing internal solitary waves, whose amplitudes and horizontal velocities up to
65 m and 1.3 ms”, respectively, were discovered. The internal waves occurred only during spring tides, when the tidal
ranges at Thap Lamu bay exceeded 0.8 m, and the probability of their occurrence increased with tidal range. Maximum
horizontal current velocities induced by wave propagation were found to be proportional to the wave amplitudes.
Directions of such currents suggested that most of the waves be generated from the sills near 8° 50’'N 94° 56’E in
the Andaman Sea. These short-period waves were assumed to trigger remobilization of bottom sediments, which was

observed by variation of echo intensity near sea bootom.

Keywords : internal solitary wave, Similan islands, Thap Lamu bay, Andaman Sea
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