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ABSTRACT: Initial results of a survey comparing pre- and post-tsunami effects on the intertidal
sediment habitats of Ranong and norlhern Phang Nga are presented. Analyses of sediment and faunal
composition of four sandy shores indicate that there has been a change in the sediment granulometric
composition and its distribution with depth. At most sites there was an increase in the coarse fractions,
often with increased shell debris and distinct layering of fine and coarse material. While the overall
pattern was the same for all the beaches, there were differences in the patterns of sediment deposition.
Impact on the fauna was decidedly less marked with the partial re-establishment of pre-tsunami patterns
four months after the event. There is some evidence that the abundance of some species was lower
than previously but body size suggested recent colonisation had taken place. Other elements of the
fauna, particularly those which burrow deeply, appear to have survived the impact and have re,
established themselves. Rocky habitats were also affected, with boulders and rocks being moved and
up-turned. This disturbance appears to have led to loss of certain patch forming species. Serpulid
worms and other underboulder species died when boulders have were turned over. In some areas
barnacles were mothered by fine sediment; yet in some places there were signs of settlement of small
barnacle spat (Chthamalus malayensls). In contrast, sheltered mud flats and seagrass beds appear
untouched.

INTRODUCTION
The tsunami on December 26'h,2004 caused

major devastation to the land/sea interface along
the coastal zone of Thailand between Krabi
province and the Myanmar border. The coastline
affected is largely made up of sediment habitats
(seagrass beds, mangroves and sandy beaches),
whose productivity underpins inshore fisheries and
coral reefs (and hence the economy of many of
the coastal villages) away from the main tourist
centres on Phuket Island. At the time of writing,
much of the focus on the tsunami imnact has been

on coral systems.

biodiversity (Huston, 1994). However, the
disturbances considered within accepted
biodiversity maintenance models (e.g. nonequilibrium theory) are essentially local in character
and act to create nested patches within a spatiotemporal mosaic (Grassle and Morse-Porteus,
1987). Broad-scale, high intensity disturbances
have seldom been considered. It is clear from
studies in other areas that the sedimentary effects
of tsunamis are long lasting. Clague et al. (1994)
were able to detect sand layers deposited in a saltmarsh from the 1964 Alaskan earthquake. Atwater

and Moore (1992) postulated the impact

of

a

tsunami in the Puget Sound region (again based
on sand deposition). and Bryant, et al. (1992)
suggested that Holocene features in SE Australia

One of the most important mechanisms
operating within sediment ecosystems is
disturbance with its role in local patterns of could be attributed to tsunami impacts.
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Nevertheless the impact

of such long period

disturbances on the fauna and flora is less clear.

The impact of more frequent large-scale
disturbances such as storms is better documented.
Gagen et al. (1988) described offshore sediment

movement following

a cyclone that

was

undetectable within a year. Similarly, Riddle (1988)

found few long term effects of a cyclone on a reef
lagoon system. Riddle recorded that immediately
following the cyclone the lagoon had a fauna
typical of the coarser sediments that had moved
into the area but after a shorl period of time the
fauna had returned to its pre-cyclone state. Both
authors attribute the reversion of the sediment to
the action of bioturbators that had not been
disturbed by wind and waves. In contrast Shin
(1989) showed that topical storms may maintain
tropical sediment biodiversity and that frequency
of storms and the mobility of sediments were
important variables.
Other authors working at higher latitudes (e.9.
Boesch et al., 1976; Dobbs ad Vozarik, 1983; Eagle,
1973; Rachor and Gerlach, 1978) have concluded
that storm events can have severe effects on the

composition of the benthic fauna, moving
considerable quantities of sediment and damaging

soft-bodied infauna. These observations were
made subtidally where many species inhabit tubes

or permanent burrows and hence are easily
damaged or displaced by disturbance. In contrast

intertidal species are adapted to a mobile
environment and may be less likely to be displaced
or damaged by storm action. The effects of severe
storms depend very much on whether sediment is
eroded or deposited, the change in its depth and
the identity of the original fauna. With light erosion,
it is quite possible that deep burrowing bioturbating
species such as thalassinidean crustaceans will be

undisturbed and that they can play a significant
role in shaping the post-disturbance fauna. Large
storms can have patchy impacts despite perceived
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greatest impact on the more fragile faunal elements
but that the overall effect would have been mitigated

by local factors such as topography. To assess
the impact of the tsunami on coastal intertidal
ecosystems in Thailand we revisited a series of
sites that had been sampled as part of a European
Union supported project Coastal Biodiversity in
Ranong - CBR project (http://www.nhm.ac.uk/
science/projects/ranong/index.html). Revisiting
these sites enabled us to make some initial
comparisons of the intertidal habitats and
assemblages before and after the tsunami event.

In particular we sought to determine what changes
had occurred to the sedimentary environment post
tsunami and to assess what, if any, effect this
might have had on the fauna and flora. In this paper
we will consider the effects of the tsunami on
sediment shores, rocky seashores, seagrass
habitats and shallow off-shore sediments.

Localities
Figure 1 indicates the study sites discussed
in this paper. Four sandy beaches were studied:
Ao Khoei (9.28808 "N: 98.37291 oE), Prapas
Beach (9.37822 "N: 98.39611 'E), Thalae Nok
(9.46288'N: 98.43328 "E) and Laem Son.
(9.59813 'N: 98.46641 'E). Each of these beaches
had been surveyed between 1999 and 2001 during
the CBR project; the exception was Laem Son for
which we had no pre-Tsunami data for the exposed
beach. All sites had been impacted by the tsunami.
Two rocky headlands were also surveyed: Ao Khoei

and Prapas Beach. Again both had been studied
during the CBR project and sampled in 2000 and
2001 . Finally, we surveyed a sheltered muddy shore

on the eastern coast of Ko Ra and two seagrass
beds sites: one in Mai Hang(9.22551 "N: 98.33204
oE), near Kuraburi
and the other in the main estuary
in Laem Son (9.57856 "N: 98.49106 'E). These
seagrass sites have been the focus of an intensive
spatial study (Barrio-Frojan et al., in press).

wide-scale effects. Recruitment and colonisation

of post-disturbance patches depends on the extent

MATERIALS AND METHODS

of the space created (Brumsickle and Smith, 1989)
with the colonisation of larger patches being led
by larval recruitment.
On the basis of the literature it is possible to
predict that the tsunami would have had the

shown in Figure 1 were visited and the physical
properties of the shores assessed using a rapid
survey technique developed during the CBR project

Between 22104105 and 28104105 the sites
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Figure 1. Localities studied: 1 Laem Son - exposed beach, 2Thalae Nok,
4 Ao Khoei. 5 Ko Ra. 6 Mai Hans J Laem Son - seasrass site.

(Kendall et a1.,2004).This approach centres on
the structured recording of the principal physical
and biological features of the shore. At each of the
main areas studied physical features, e.g.beach
slope, extent of ripples, sediment granulometry and

layering, and biological features, such

as

3 Prapas Beach,

Post tsunami. The outer beaches are open to

full force
of the tsunami. There was extensive re-sorting of
the intertidal sediment with coarse shell fragments
being deposited above the high tide mark. Many
of the shells belonged to the predatory gastropod
the Andaman Sea and were exposed to the

conspicuous species and burrows, are noted. Each

Tonna maculata; however several shells showed

major habitat type, rock shore, seagrass bed,

signs that they had been empty before being

mangrove, has a separate survey protocol. All the
data are entered into a database. This structured
approach enabled a large number of sites along
the southern coast of Ranong province to be

washed up onto the beach as barnacle growth was

surveyed

in a short period of time. Particular

attention was paid to sediment granulometry and
stratification characteristics. Granulometry was
measured by taking a known volume of sediment
(usually a litre) and passing it through a series of
sieves, measuring the volume of sediment retained
on each sieve. These measurements were usually
made in the field as part of the rapid assessment
protocols. Fauna and flora assessments were also

made and compared with previous records to
determine changes in dominant species. The
abundance and distribution of the biota assessed
using the same semi-quantitative methodology (e.g.

the SACFOR scale) used in earlier sufl/eys.

obvious inside the aperture.
The slope of the intertidal zone was steep
(-10') and composed of fine sand with no obvious
layering. Ocypode ceratophthaltna burrows were
present in the upper shore but were mostly small

in diameter (<5 mm). There were no other
macrofaunal species present.
In the mid-shore the sediment was of rippled
fine sand. Dotillawichmonni was the only obvious
intertidal invertebrate with a mean of 6 burrows
m 2. Once again, there were no traces of other
species immediately visible in sediment profiles.
On the lower shore extensive drifts of broken shells
from subtidal species of mollusc were recorded.
A vertical section showed that the sediment was
distinctly layered with fine sand over shell fragments
and a further layer of fine sand; the layers being
between 2 to 5 cm deep (Fig. 2).

RESULTS

Thalae Nok

Sediment Seashores
Laem Son Marine National Park

Pre-tsunami. The beach had a gentle slope.
Figure 4 shows the sediment granulometry. The
upper-shore sediment was basically a fine-sand.
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Figure 2. Sediment profiles from exposed beaches a) Laem Son mid shore showing relatively 'norma.l'
sediment distribution of sand over fine sand (the arrow indicates the change in layers); b) Laem Son
lower shore showing an increase in coarse fraction particularly shell fragments, c) Thalae Nok upper
shore increase in coarse fractions with indications of layering (arrowed); d) Thalae Nok mid-shore,
arrow points to start of lower coarse layer; e) Ao Khoei upper shore the top 3*5 cm appears as a
capping layer over coarser sediment (arrowed); 0 Ao Khoei mid shore showing increase in shell and
coarse sediment fractions
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Figure 3. Pictures ofthe exposed beaches before and after tsunami. A) Prapas beach before; b) Prapas
beach after, note the steeper gradient to the beach; c) Ao Khoei after the tsunami the sand from the
lower beach has been stripped away leaving rocks, pebbles and gravel with sandy infill; d) Thalae
Nok before showing the gradual transition from the upper shore to the land; e) Thalae Nok after
showing the abrupt transition from beach to land.
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No obvious layering was present. In the mid shore
there was a shift to slightly coarser sand, although
the sediment was still dominated by the 0.125 mm
fraction. Finally, on the lower shore fine-sand with
a significant proportion of coarser elements

(including shell debris) dominated.

The upper-shore and dry zones were
characterised by Ocypode burrows of varying
sizes. In the mid-shore Dotilla was dominant with
an average abundance of between 15 and 2'7 m2.
On the lower shore the deep burrowing callianasid
(ghost shrimp) Neocallichrirus indicus and the
polychaete Diopatra sp. were found to be common
or present (SACFOR scale). Discrete patches of
bunowing polychaetes (probably maldanids) were
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remained but here it overlay mixed sand and shell
gravel.
Ocypode holes ranging in size from 40 mm to
2 cm were common in the shore forest and at
high level; small individuals were seen moving on
the beach. Around MTL the soldier crab Dotilla

was present but numbers were sparse (4-16
m-2); no other animals were encountered in a series

of vertical sections. The low shore was strongly
ripple marked and there were abundant burrows
of the callianasid shrimp Neocallichirus indicus.
This species burows 50 cm or more below the
beach surface. There was no indication of the
polychaetes noted before (although such patches
may be ephemeral or seasonal) but small burrowing

also observed. Within the sediment the bivalve
Donax sp. was collected.
Post tsunami. The beach profile largely

polychaetes, possibly lumbrinereids, were

resembled that pre-tsunami although large amounts

Prapas Beach

of organic debris (ranging in size from sub
millimetre particles to tree branches) had been
deposited in the upper shore. However, there were

a number of striking changes in

other

characteristics of the beach pre and post tsunami.
Figure 3d shows a photograph taken in 2000. On
this image there is a gentle transition from the shore
forest to the intertidal across a bank of dry sand.
After the tsunami (Fig. 3e) the dry sand at high
water has been lost and there is a vertical bank
around lmetre high of soil bound by tree roots
between the beach and the shore forest; little true

upper shore remains. Ocypode holes remain
common at the edge of the shore forest.
Granulometry of the upper and mid-shore
showed an increase in the proportion of coarser
fractions compared with pre-tsunami sediments
(Fig. 2). However, on the lower shore the
granulometry was similar to that of pre-tsunami
sediments with perhaps a small increase in the finer
(<0.125 mm) fractions. Sediment grain
distribution at the highest remaining shore levels
indicated a strongly compacted layer of fine sand
of around 20 mm overlying coarse sand. In the
mid-shore there was similar sediment capping layer

(Fig. 2), and two further layers of medium sand
separated by coarse sand; at a depth of around 25
cm the sediment was dominated by shell material.
In the low shore a surface layer of fine sand

occasionally observed.

Prapas Beach lies immediately to the south

of

the Kampuan Estuary. The beach lies directly
outside the Ranong Marine Coastal Resource
Station and has been visited frequently in the past.
The northern open coast seashore toward the end
of the Kampuan estuary was examined in detail.
Pre-Tsunami. Prapas Beach had a gentle slope

(Fig. 3a). Granulometric analysis that the beach
was composed of fine sand with only a slight
increase in the coarser fractions in the lower shore
(Fig. a). The main faunistic zonation was Ocypode

in the upper

shore,

shore (densities of

Dotilla \n the mid to upper
4-6 m-2), in the lower shore

sporadic patches of Diopatra and of the callianasid
shrimp Neocallichirus indicus. A common feature
of the beach was dispersed, partially buried groups
of the gastropod Turritella duplicata.

Post tsunqmi. At the time of the field
programme there was a bank of dry sand in the
upper shore. The slope of the shore was notably
steeper in 2005 (Fig. 3b). Sediment sections reveal
strong layering and sediment sorling is generally
poor (Fig. 4). At the south end of the beach the
upper sediment was composed of multiple layers
of light and dark sand which may represent land
run off following the tsunami. A comparison of
sediment granulometry (2000 and 2005) indicates
that the sediment throughout the shore has become
coarser (Fig. a). In the high and mid-shore sorting
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is good but in the low shore it remains poor.
Faunal zonation followed the same pattern as
that recorded pre-tsunami. In the mid-shore there
were moderate numbers of soldier crab Dotilla.
Densities of 2-3 m2 were similar to pre-tsunami
numbers although the total area occupied was less
extensive than that previously recorded. In the
lower shore burrows of Neocallichirus indicus

were common. Isolated patches of Diopatra
occurred around the low water. Turritellid
gastropods were missing although empty shells
were found.
Ao Khoei.
Pre-tsunami. This large bay was visited on a
number of occasions between 2000 and 2003. Over

this period substantial patterns of sediment
movement have been observed with occasional
changes in the amount of material in the upper
shore, occasional damming of a stream and patchy

loss

of sediment in the lower shore. On most
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to upper-shore sand remained but in the mid to
low tide zones there was an area in which almost
all the sand had been lost leaving behind cobbles
and pebbles with a sand infill (Fig. 3). Grain size
analysis indicated an increase in the proportions
of coarser material (Fig. a).
Few fauna changes were observed. Ocypode
holes remained in evidence in the shore fringes.
The highest intertidal habitat was medium sand
with moderate numbers of the soldier crab Dotilla.
In the mid shore other burrowing crabs of the
genus Macrophthalmus conyexus were abundant,
occupying a thin layer of fine sand lying over
poorly sorted sediment dominated by coarse
material. Within this zone the alga Padina boryana,
swimming crabs Thalamita prymna, moon crabs
Matuta planipes, and snails of the genus Nerita
were all conspicuous. Below the boulder area some
sand was present with emergent large boulders most
of which have the alga Sargassum sp. abundant on
their landward faces.

occasions we observed a variable area of the lower

shore stripped of sand to reveal well-bound
cobbles and small boulders occasionally
surrounded by sparse sediment. The upper shore
was of fine sand while the mid-shore sediments
were marginally coarser fractions (Fig.3).
Faunistically this was a diverse beach : while
the upper and mid-shore were similar to other sandy

beaches,

i.e. Ocypode and Dotilla being

characteristic, densities ofthe latter reached values
of 20 rr2. However the heterogeneous nature of
the mid to lower shore led to a more diverse fauna.
Holothuria moebii occurred in patches among
cobbles and in the mid-shore zone small mounds
formed by crabs Macrophthalmus convexr.r were
common. In the sand the polychaetes Tylonereis
bogoyawlenski and Scoloplos marsupialis were
abundant, particularly in areas with water run-off.
Mollusc species such as Polinices mammilla werc

common in wet sandy patches. Within rock

Ko Ra
This is a sheltered site directly across the channel
from the Mai Hang seagrass bed and hence is on
the sheltered eastern side of the island. The site
studied has

a

backing of Rhizophora and is adjacent

to a gravely spit with Avicennia. The high shore
has patchy fine sand with abundant Dotilla. The
low and mid shore is a gravely mud with abundant
Macropthalmzs burrows, maldanid polychaetes,
sipunculids and occasional Neocallichrirus indicus
recorded. There were no apparent effects of the
tsunami. But in the extreme lower shore - shallow
subtidal there were previously unrecorded isolated
stands of coral rock on muddy sediment; many of
these were ovefturned. These small (< 20-30 cm
across) coral heads were often not well grounded
and may have been washed in by a required a
particularly energetic warwe movement during the
tsunami.

crevices free-living planarian worms and
sipunculans were observed.

Post tsunami. In April 2005

Seagrass

it was evident

that there had been a substantial change in the
habitats of the seashore. Little true upper shore

Mai Hung

remained and there was a sharp transition between
marine and terrestrial environments. Alone the mid

by the CBR project. Over the years it has shown
considerable temporal variability as moving sand

This seagrass bed has been visited frequently

has covered and uncovered extensive patches

of
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Figure 5. Tsunami damage to rock shores. a) High shore boulder showing linear scratches that appear to
have been caused by abrasion by floating material; b) boulder at Ao Khoei showing dried muddy material
and inegular patches that have probably resulted from the loss of mussels.

sea-grass dominated by the Cymodocea and
Halophila spp. On our recent visit there was
evidence of considerable movement of sediment
but the extent of this was within bounds that we
would consider normal. A rich fauna remains and
we consider that the impact on the biota has been
slight.

Laem Son

The inner estuary contains a complex of
habitats including extensive seagrass beds that have
developed on sediments of fine sand to sandy mud.
In April 2005 there was little if any apparent impact

of the tsunami with a biota little different from
that encountered in earlier studies. There was a
high diversity of invertebrates including the fiddler
crab Uca vocarLs, hermit crabs, the polychaete

much as 5 metres x 2m x 2m, most boulders that
have been turned are smaller in size.

There was a puzzling absence of the mussel
species

Brechidontes viariabilis. This

characteristically forms an upper shore mosaic with
the barnacle Chthamalus malayensis but was not
present on either shore. Bare patches of rock within
the mosaic were present (Fig.5a) and indicate recent
loss of the mussel. However, we cannot be sure
that this absence was caused by the tsunami. More
data are required.
Away from full exposure to wave action, the
Chthemalus matrix was partially filled in by muddy

concretion of dried sediment. This indicates

a

period of deposition and baking which may well
relate to the tsunami. Within the matrix most of
the barnacles seem to be alive (Fig. 5a). Mobile
gastropods such as Thais spp. and Nerita spp . were
present but rare in comparison with earlier visits.

Diopatra and other worms. Four species of
seagrasses were noted: Halophila ovalis, H.
beccarii, Halodule pinfolia and Enhalus acoroides. Littorinid
Rocky seashores
Moderately exposed rocky seashores have
been visited at Ao Khoei and at Prapas. As they
had broadly similar characteristics both shores
be considered together.

will

At both shores there is evidence of recent
movement of boulders. We encountered rocks with

in shade or
subtidally on their upper surfaces at both high and
mid level. While some of these boulders are as
fauna more normally found either

snails (Nodilittorina trochoides) that live
within dead barnacles were abundant. There were
areas of some rocks that had been damaged by
floating material although the abraded areas were
already recolonising (Fig. 5b).
Sand level at the edge of rocky outcrops has

dropped recently as there is uncolonised rock but

the new level is not unique, some of the rocks
uncovered have barnacles and oysters. At mid and
low level the bases of rocks are infilled by coarse
debris, largely shell material. This might have an
impact on the under-rock biota.
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Offshore sediment.
Anecdotal evidence suggests that the tsunami
caused considerable resuspension and mobilisation
ofthe shallow intertidal. Eyewitness accounts told
of stranded sand dollars Echinodiscus tenuissimus
(Chittima Aryrthaka reported more than 11,000
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locations where there is evidence of changes in
beach profiles or the composition of sediments
the patterns that we have recorded are far outside
the range of change that might be considered
normal.
The response of the sandy shore at Ao Khoei
is intermediate. Over the period of eight years for

individuals deposited on the landward side of
Prapas beach). Large numbers of holothurians
which we hold photographic records there has
stranded on the upper shore have been reported always been an area of the lower shore that has
from elsewhere and the numbers of shells deposited
and being reworked in the intertidal all point to a

been stripped of the superficial sediment to reveal
underlying cobbles and boulders but following the

considerable impact. A limited survey was
undertaken during April with a small number of
samples collected from between the Kampuan
Estuary and Ko Kam. Their analysis suggests that
there has been considerable offshore change in
patterns of sediment distribution in comparison
with a previous off-shore survey undertaken in
2000 and 2001 . Most notably there appears to have
been extension of the area covered by mud. It is
unclear to us if the material we encountered came
from the extension of muddy substrata that were
once restricted to the leeward side of offshore
islands, from the settlement ofmaterial resuspended

tsunami it is evident that sediment stripping has
taken place on a far greater scale than we have
previously encountered. The area of sediment lost
is an order of magnitude greater than we have
previously encountered.
On all shores severe sediment disturbance has
changed pattems of grain size distribution that have
resulted from many years ofwave - driven sorting.
This is partially evident from our granulometric

by the passage of the tsunami wave or

a

these sections show strong patterns of layering,

combination of both. Whatever the cause, areas
which were once muddy sand are now covered
by soft mud mixed with sand. We do not have
sufficient data to comment in detail on the impact
on biological resources, although the distribution
of sediment is a prime determinant of the
composition of benthic assemblages.

with coarse material being overlain by finer

DISCUSSION
On exposed sandy beaches the tsunami has
caused considerable movement of sediment. In
some areas such as Prapas a large amount of
material has accumulated in the upper shore and
the steepness ofthe beach has markedly increased.
In contrast, beaches such as those at Thalae Nok
and Ao Khoei have almost completely lost upper
shore sediment. In these places there is a vertical
edge of a metre or more between the shore forest
and the beach with evidence of severe erosion of
terrestrial material. It is not immediately clear why
some areas suffered erosion while others were
subject to substantial deposition. In most of the

analyses but as these concentrate on the uppermost
layer ofthe beach only a clearerpicture of sediment

disturbance is provided by an assessment ofvertical
sections cut to a depth of around 30 cm. Most of

material, a pattern consistent with considerable resuspension and settlement. On some shores the
pattern with depth is simply bimodal but in others
there is evidence that a number of resuspension
events have occurred. Each wave that skikes the
shore goes some way towards resorting beach
sediments but it may be some years until pretsunami patterns return.
As sediment has been lost on exposed sandy
beaches, so too has most of the fauna. On these
beaches vigorous processing of the sediment by
vast numbers of crabs kept biodiversity low.
However, close to the sea there were generally
good numbers of small, soft bodied annelids
molluscs and crustaceans. By and large these
species have been lost although there are clearly
areas where there has been some protection or
where recovery is already beginning. AtAo Khoei,
close to a headland we encountered mixed size

populations of the polychaetes Tylonereis
bogoyawlenskl and Scoloplos marsupialis which
must have escaped the tsunami. On the other hand,
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at Thalae Nok long searching revealed sparse
burrow systems of unknown polychaetes close
to the sediment surface suggesting the onset of
recovery.

The soldier crab Dotilla wichmanni is the
dominant species towards the middle ofmost sandy
beaches, it is a shallow burrower (maximum depth
noted is approximately 8 cm) and is highly unlikely

to have survived the resuspension of sediment
caused by the tsunami wave. Nevertheless
throughout the area sl.rveyed after the tsunami this
species was always present in rock on muddy in
low numbers. Initial analyses of population sizes
indicate that for some beaches new colonization
is occurring with the presence of a range of body
sizes including very small individuals. It is not clear
whetherthe larger individuals represent early stages
of larval driven recolonisation immediately posttsunami or survivors of the disruption. Samples
have been collected for genetic analysis which
might clarifl, this issue.
Although massive disturbance has removed
much ofthe shallow-burrowing infauna from sandy
beaches, deeper burrowing species appear to have
survived well. At the upper fringes ofmost exposed
shores there was substantial evidence that the crab
O cyp o d e c er at op h t h al m a suwiv e dwell. S imilarly

the ghost shrimp Neocallichirus indicus a species
living up to 50 cm below the sediment in the lower
shore appear to have survived in mixed agelsize
populations. The large deep burrowing polychaete
Diopatra sp was also clearly in evidence on many
beaches at low water.
The changes we have recorded in intertidal
systems represent a significant loss ofbiodiversity

it is our belief that this loss will only be
temporary. Recent studies of the polychaete fauna
of a range of habitats along theAndaman Sea coast
but

ofThailand suggest that there is substantial overlap
between the species that inhabit the various
intertidal sediment habitats. While exposed beaches
were substantially damaged we have encountered
a number of areas which can be thought of as
refuges for intertidal animals. For example, the
seagrass bed at Mai Hang is largely undamaged
and will provide a source of propagules to drive
the recovery of adjacent areas. Incoming larvae

will interact with the

deep burrowing species that
survived damage and we predict a rapid recovery
of the intertidal ecosystem and its function.
Rocky shores are not particularly common on
the Andaman coast of Thailand but for that very
reason, they are a valuable biodiversity resource
that merits protection. We cannot be certain that
the two rocky shores that we visited are fully
representative of the whole area impacted by the
tsunami but given the similarities between them
some cornment is called for. If the loss of mussels
is widespread, then their loss represents a particular
blow to the biodiversity of the intertidal area as
mussels create habitat for many smaller-bodied

species. For the sites we visited

it is not

immediately evident where replacements for either
the lost mussels or their associated fauna will come
from. The loss to biodiversity caused by the moving
and turning of boulders is less severe, although
some massive rocks have been shifted suffrcient
material remains to provide a ready source of
propagules for recolonisation of newly cleared
surfaces and it is predicted that recovery will be
rapid. The recovery ofthe biota ofturned boulders
has been well documented worldwide. Similarly
any damage to bamacles and the larger mobile
snails will be readily recovered from the surviving
local stock.

Of greater concern is the change that we
observed in offshore sediments. As yet we do not
know if our limited snapshot is generally applicable
but we fear that changes in offshore sediments
might have profound implications for the frrnction
ofthe benthic ecosystem and the goods and services
delivered to coastal zone stakeholders. There is a
strong need to follow up our preliminary survey
as soon as practically possible.

CONCLUSIONS

The observations presented on sediment
changes accord well with previous studies on
tsunami effects, particularly with the increase of
coarse fractions in shallow sediment layers. We
anticipate that these effects will linger on for a
considerable time until beaches are reworked by
successive tides and storms. It is also clear to us
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that local topography has had a crucial role to play
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in moderating the impacts on the intertidal.
Sheltered regions where seagrass beds are situated
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