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Along southwestern Sulawesi, Indonesia, the Spermonde Algpelago comprises some
120 islands of variable size and degree of anthropogenic madtation. Comparable

to adjacent areas in Southeast Asia, the Spermonde Archipatjo is characterized
by the congregation of a naturally high marine biodiversitand, at the same time,

a high population density in uencing the surrounding envanmental conditions. As a
consequence, during the last decades, research projects tht have been carried out in
the Spermonde mainly focused on social, ecological, polital and economic interactions.
However, geological and geomorphological aspects of the crl reef islands are less
well understood and there have been few studies undertakenisce the pioneering
work of Umbgrove, Kuenen, and Verstappen in the Indonesianrahipelago in the early
to mid-twentieth century. Here we review the existing studis, with a focus on the
Spermonde Archipelago, and reconcile them with more recentvorks on reef island
evolution and dynamics from the Indian and Pacic Oceans. Tis synthesis shows
that reef islands in the Spermonde Archipelago are well s&itl for geomorphological
investigations, and provides perspectives for future reggland research in that area that
will have global interest. We identify four research pridigs: (1) To identify the timing
and chronology of island formation; (2) Improved understating of carbonate budgets
and sediment generation that contribute to island building(3) Document morphological
changes in reef islands at seasonal to decadal timescalesnal; (4) Quantify the process
regime that drives sediment transport and island change whitparticular focus on the role
of different monsoon seasons.

Keywords: carbonate sediments, Holocene, sea level, coral r eefs, biodiversity, Indonesia, Southeast Asia

INTRODUCTION

The Indonesian archipelago comprises more than 17,000 isllowhted among the world's most
diverse and abundant coral reef systems. While the majofitndonesia's 260 million population

inhabit the larger islands of Java, Sumatra, Borneo anda@siathousands of smaller reef islands
are located within the adjacent tropical seas. These smialends and their coral reefs are
rich in marine biodiversity and also provide habitable lamd €oastal communities. Despite the
large number of reef islands and their importance to coastahrmunities, there have been few

Oceans and Perspectives for the
Spermonde Archipelago.

Front. Mar. Sci. 4:145.

doi: 10.3389/fmars.2017.00145

Frontiers in Marine Science | www.frontiersin.org 1 May 2017 | Volume 4 | Article 145


http://www.frontiersin.org/Marine_Science
http://www.frontiersin.org/Marine_Science/editorialboard
http://www.frontiersin.org/Marine_Science/editorialboard
http://www.frontiersin.org/Marine_Science/editorialboard
http://www.frontiersin.org/Marine_Science/editorialboard
https://doi.org/10.3389/fmars.2017.00145
http://crossmark.crossref.org/dialog/?doi=10.3389/fmars.2017.00145&domain=pdf&date_stamp=2017-05-29
http://www.frontiersin.org/Marine_Science
http://www.frontiersin.org
http://www.frontiersin.org/Marine_Science/archive
https://creativecommons.org/licenses/by/4.0/
mailto:thomas.mann@leibniz-zmt.de
https://doi.org/10.3389/fmars.2017.00145
http://journal.frontiersin.org/article/10.3389/fmars.2017.00145/abstract
http://loop.frontiersin.org/people/366366/overview
http://loop.frontiersin.org/people/419296/overview
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studies of the geological characteristics, evolution ayrhdhics  the future trajectories of reef islands. In particular, inscessary
of reef islands in Indonesia since pioneering and detailetb develop robust knowledge of the environmental controls
investigations in the early twentieth centuryifibgrove, 1929, that govern both the formation of islands and their ongoing
1930; Kuenen, 1934 Addressing these gaps in knowledge ismorphodynamics at seasonal to decadal timeframes.
paramount for understanding the ongoing physical adjustment In recent decades considerable new insights have been
and management of islands in the archipelago, which are faceyenerated on the environmental controls on island evoluanad
with rapid global climatic changes, sea-level rise and Be®d dynamics from Pacic and Indian Ocean reef systems. In this
anthropogenic pressure. review we examine current knowledge of reef island formmatio
Reef islands throughout the Indonesian archipelago areand dynamics and apply these insights to the Spermonde
typically low-lying, rarely being more than 2-3 m above mearArchipelago, Indonesia. Based on this synthesis and obisenga
sea level, and are composed of calcareous sediments derilmdthe authors, we highlight future reef island research nities
from the broken down remains of corals, coralline algae, anéh the archipelago.
other carbonate secreting organisms from adjacent coref re
environments. Due to their low elevation, small size anditht
sediment composition, reef islands are widely consideredrmm THE SPERMONDE ARCHIPELAGO
the most geomorphically sensitive landforms on earth to cfean
in sea level, wave processes, sediment supply and anthropogefiie Spermonde Archipelago is located within the Coral
impacts. Indeed, numerous reports suggest reef islands will Bgiangle, between the southern arc of Sulawesi in central
submerged by rising seas and be eroded awayk{nson, 1999: Indonesia, and the Strait of Makassar @&°S 6 00°S and
Hubbard et al., 2014; Pala, 20]with the metaphor of “sinking 11900 119 30; Figure 1). Geologically, the basement of
islands” becoming a commonly held perception in climate cleangSouth Sulawesi consists mainly of metamorphic, volcanic and
debatesRoy and Connell, 1991; Leatherman and Beller-Simmsedimentary rocks emplaced during the early to late Cretaseo
1997; Barnett and Adger, 2003; Ferris et al., 20ltilextreme (van Bemmelen, 1949; Hamilton, 1979; Wakita and Bambang,
scenarios total loss of islands are forecast, renderirandsl 1999 and subsequently covered by Paleogene to Neogene
inhabitants the rst environmental refugees of climate nga volcanics and clastic sedimentsa(i Bemmelen, 1949; Katili,
(Klepp, 201% with forced relocation of communities viewed 1978; Bergman et al., 199&Bulawesi belongs to an area that
as inevitable over the coming decadésrden, 2016 In the has a complex tectonic settingdgll and Blundell, 1996 The
context of the Indonesian archipelago the availability eféa  northern sector of the western Sulawesi volcanic arc comprise
land masses might reasonably a ord adaptation solutions viabundant active lateral and thrust faultsi(d, 2003. However,
relocation. However, physical change or loss of islands sgmts ~ South Sulawesi, encompassing the Spermonde Archipelago is
substantial alterations to marine processes and resoutws t believed to be tectonically stablegsajima et al., 1980; Hall, 1997;
need to be more fully understood. While international debeét Walpersdorf et al., 1998; Prasetya et al., 0Cbnsequently,
dominated by extreme scenarios of island loss, changekimdis the shallow-marine platform that forms the immediate basame
stability (erosion/accretion) and ooding as a result oEieased of the archipelago consists of undeformed Tertiary carbenat
sea level and changes in wave processes and storm frequesegiments@ergman et al., 1996
pose real and serious consequences for island communitiés th A representative cross-section from the mainland to barrier
need to be managed at short to medium timescales. A numbeeef edge (east to west) highlights four broad geomorphit¢suni
of studies have examined the social and economic issudedela(De Klerk, 198) (i) the volcanic hinterland with the extinct
to coral reef dependent livelihoods in Indonesia, the resitie of volcano Lompo Batang; (ii) the Piedmont at the foot of the
marine communities and the management of coastal ecosygstemolcanic complex comprising Tertiary volcano-clastic seditegn
and their resources (e.gmerse et al., 20).2In contrast, few (iii) the alluvial coastal plain where Makassar is situated] (iv)
studies have explored anthropogenic impacts on processes thae shelf, comprising the islands of Spermonde.
in uence physical change in the islands. The mesotrophic carbonate shelf is between 30 and 50 km
In contrast to narratives of island sinking, recent studieswide, covers an area of 16,000 km and is separated from
have emerged, which present evidence that reef islands afee Strait of Makassar in the west by a discontinuous barrier
robust landforms that react dynamically to changes in otean reef. Water depths decrease rapidly from more than 200 m in
and climatic boundary conditions across seasonal to milien the Makassar Strait to 60 m at the shelf marginRenema and
timescales (e.gKkench and Brander, 2006b; Webb and Kench Troelstra, 2001; Renema, 200Phe Spermonde Shelf bordering
2010; McLean and Kench, 2Q1€ollectively, these studies showthe coastal plain is characterized by the occurrence of nomeer
that physical island change is an ongoing process on reefiislanpatchy coral-reef complexes in near-parallel arrangement to
with di erential island erosion and accretion resulting island  the coastline, and which form the foundation of reef islands
migration on reef platforms and with many islands increasimg (Umbgrove, 1929; Wijsman-Best et al., 1981; De Klerk, 1982;
area. These studies suggest that islands are likely tofpeveis Renema, 2002 The coastline along the Spermonde Shelf
the twenty rst century and beyond\{cLean and Kench, 20)5 itself does not comprise fringing reef®¢ Klerk, 198). The
The likely persistence of islands into the foreseeable éuplaces archipelago comprises some 120 coral reef islands that foomed
a premium on improved knowledge of both the environmentaltop of localized patch reefs within the shallow-marine carte
challenges confronting small reef islands and understagaif  platform (Figure 2).
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FIGURE 1 | The Indonesian archipelago and the Spermonde Shelf.
Location of Sulawesi in central Indonesia between the Indiana Paci ¢

(Continued)

FIGURE 1 | Continued

oceans. (B) Sulawesi and Kalimantan in the central part of Indonesia and
separated by the Strait of Makassar(C) The shallow carbonate platform of the
Spermonde Archipelago situated at the western coastline adouthwest
Sulawesi with a general bathymetric chart (Source: Esri, GO, NOAA,
National Geographic, DeLorme, HERE, Geonames.org, and oén
contributors). Thick black line indicates the shelf break.

Riverine sediment and nutrient input onto the Spermonde
Shelf comes from the two major rivers in that area, the Jene
Berang to the south of Makassar, and Maros to the north of
the capital city Renema and Troelstra, 2001; Renema, 2002
The majority of terrestrial sediment is discharged from theme
Berang De Klerk, 198) with the resulting sediment plume
being de ected toward the south during the fair weather seas
(Renema, 2002 Despite the proximity of Makassar, which
contains 2.75 million people, uvial inuence in terms of
visibility and nutrient levels is believed to be limited thet
foreshore and proximal shorefacec4 km from the coast)
(Storm, 1989; Erftemeijer, 1993 he supply of clastic sediment
to the foreshore is thought to account for the absence ofjing
reefs along the coast.

Oceanographic Regime

Tides of the Makassar Strait are mixed semi-diurnal, with
signi cant diurnal inequality. The area is characterized a
micro-tidal with mean amplitudes of the semi-diurnal Mand
diurnal K1 0.2 and 0.3 m, respectivelRy et al., 2005
The currents and wave processes in the Makassar Strait and
Spermonde Archipelago are strongly modulated by marked
reversals in monsoon winds toward the southeast during the
boreal winter (Dec-Feb) and northwest in summer (Jun-Aug).
The Makassar Strait also acts as the major conduit of the
Indonesian Through ow (ITF), the arterial pathway conneti

the Paci ¢ and Indian oceans, and which plays a critical role in
the coupled ocean and climate systeBo(don et al., 1999, 2003;
Gordon, 2005; Sprintall and Revelard, 2T¢he ITF dynamics

in the Makassar Strait are modulated by the monsoonal wind
patterns. During the boreal winter (Dec-Feb) southeast wind
enforce the ow of waters from the North Paci c through the
Strait. However, during the boreal summer (Jun-Aug) nortbtve
winds push water from the Java Sea into the southern part
of Makassar Strait generating a northward pressure head that
impedes the ITF. The monsoonally forced variation in ITF
also imparts seasonal di erences in sea surface salinity én th
vicinity of the Spermonde Archipelago from lower salinity cugi

the southeast and higher salinity during northwest mons®on
(Gordon, 200%.

Analysis of WW3 data across a 30 year window (1980—-2010)
highlights spatial and seasonal variations in wave enerdkien
region of the Spermonde ArchipelagBigures 3 4). In general
the area can be characterized as having a low to moderatgyener
wave regime. Larger wave heights (mégD 0.8 m) are present
during the dry season (May—October) with a mean direction of
132, with periods typically belowws D 5 s. The wave regime
is directly in uenced by the moderate ESE winds (mear6.1
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FIGURE 2 | Bathymetric map of the Spermonde Archipelago showing all named islands and larger reef structures. At the shelf break, the water depth
increases to about 200 m. Zonation followskenema (2002)with northern extensions inferred by the authors. Reef istl numbers refer to islands names infable 1. A
Supplementary Image 1  of this gure has been prepared without island numbers and sh¥ zonation. Bathymetry was reconstructed based on LandsaETM data
(Acquisition year 2002) andrenema (2002)

ms 1 from 124) that prevail in this period. The wet season numerous shoreline structures are evident, serving to disrupt
(November—April) is characterized by lighter NNW winds (nmea natural shoreline processes. Furthermore, environmentéh da
D 2.77 ms 1) with contrasting direction (238 and smaller wave from the Spermonde indicate that human activities strongica
heights (meanHs D 0.53 m) that are characterized by shortcoral reef ecosystem functioning, either via direct andtacu
periods between 5 and 6EiQure 4). The peak of the dry season stresses such as destructive shing techniques, or duertmah
occurs between July and August and is the most energetic peridldreats resulting from land-based pollutiolldmpa, 1996 A
of the year for wave activity, associated wHbD 1  0.25m detailed evaluation of the di erent anthropogenic impacts on
(Figure 4). A period of higher wave energy also persists througttoral biodiversity in the Spermonde Archipelago is provided by
the wet season, during January and February, associatedHwit Edinger et al. (1998 heir results show that on those reefs which
0.75 0.45 m, indicating moderate but highly variably waveare subject to mechanical anchor damage or ship groundthgs,
energy. Months occurring between peak seasons (March arsfrongest signs of degradation can be recorded in shalloterwa
November) are characterized by light variable wind and miai  depths (3 m), leading to a reduction of within-habitat species
wave energyHsD 0.4 0.25 m). Of note, the orientation of the diversity up to 50% compared to reefs which are less a ected by
Sulawesi mainland has the e ect of moderating the in uence osuch anthropogenic activities. Chronic stress such as tpodal
the easterly wind patterns on the wave process regime witldn thof untreated sewage and industrial waste, agricultural runo

archipelago. and riverine sediment input resulted in a loss of coral diitgrs
) between 30 and 60% both in shallow and deeper (10 m) waters.
Anthropogenlc In uence Of particular importance, a comparison to an earlier study by

Approximately 50 islands of the Spermonde Archipelago aré&loll (1983)revealed a reduction in coral diversity of 25% around
inhabited and collectively host 50,000 peopiglgser et al., two islands in the Spermonde Archipelago (Pulau Samalona and
2019. Many of the inhabited islands are intensely developed anBulau Barrang Lompo) between 1980 and 1995. The combination
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FIGURE 3 | Regional map of annual and seasonal wave properties . Mean signi cant wave height(Top), signi cant wave period (Middle) and wave energy ux
(Bottom) . Data averaged from hourly WWIII records spanning 30 years (80-2010) for all months(Left panel) , the dry season(center) and the wet season(Right).

of intense coastal urbanization and the increasing pressutbe  observations arise from inspection of the spatial distribotod
environment additionally drives a number of social-ecatad) vegetated islands in the archipelago. (i) There are few island
feedbacksHerrol-Schulte et al., 2015; Glaser et al., 2015 (8) located on the outer barrier reef rim. Those islands that
In a recent study bylaya and Fujii (2017)analyses of remote do occur on the rim are principally located in the north. The

sensing data anth situ coral reef surveys revealed a substantigbaucity of islands suggests a hydrodynamic energy contretevh
decline in live coral cover within coral reef habitats in gtellow sediment may be transported across reefs and ushed into the
waters € 10 m) of the Spermonde Archipelago. Whereas inadjacent lagoonNandlier and Kench, 2032 (ii) Remaining
1994 the archipelago was characterized by about 72% of livimyiter shelf islands are located on individual smaller reé¢ipes
coral cover, in 2002 this value decreased to 64% and furthevithin the lagoon. Notably, there are still numerous platfam
reduced to 39% in 2014. The degradation of living coralsiwith without islands on the outer shelf. (iii) Mid-shelf islandsea
reef habitats is explained by destructive shing technigaad located on patch reefs that emerge from a broad carbonate
increasing concentrations of total suspended matter, eafheci platform (5—10 m depth) that occupies the central sector of the
in the nearshore zondg=(gure 2). Direct and acute stressors are lagoon. (iv) Nearshore islands are found on reefs emergimg f
compounded by the proximity of Makassar (Ujung Pandang)a shallow carbonate platform & m depth) that adjoins, or likely
the largest metropolitan city in Sulawesi. As a consequelmee t underlies the coastal plain. (v) Spatial di erences in islaiz s
marine systems of the archipelago thatin uence island faiora.  exist across the reef systeifable 1). The mean area of outer
and change have an indelible human impact. barrier rim islands is 11.3 haéble 1), whereas remaining outer

shelf and mid shelf islands have mean areas of 4.2 and 4.4 ha,

respectively. Nearshore islands have a mean size of 11.1 ha but
REEF ISLANDS IN THE SPERMONDE include the two largest islands Pulau Sabanko (36.6 ha) and
ARCHIPELAGO Pulau Sagara (32.4 h&able 1, Figure 2). Observed di erences

in island size may be partly governed by the availability of ree
There are 120 islands in the Spermonde Archipelago. Theplatform area for accumulation, balanced against the negati
islands comprise a mix of unvegetated sand cayg0) and energy and sediment grade properties characteristic of iddat
vegetated islands (60). The vegetated cays, which are theeefs.
focus of this discussion, occur in three discrete zonesptlier Few studies have examined the detailed morphology
shelf and barrier rim (23 islands), mid shelf (9 islands) andand sediment characteristics of islands in the archipelago.
the nearshore (17 islandsFigure 2, Table ). A number of As noted earlier Umbgrove (1929) generated the rst
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planform maps of a number of islands, which forms angravels) than nearshore islands (gravelly sands). Furtbes,
excellent basis for comparison of past chanlyenn (2015) outer reef islands were composed of a mix of coralline algae
undertook topographic surveys on a limited number ofand coral constituents (collectively 70-80%) whereas sair ci
islands, which demonstrates the low-lying nature of thangls sediments on the nearshore island were dominated by coealli
(<1.5m above msl) and characteristic basin morphologywlgae ( 60%). In all islands secondary constituents such as
of island surfaces (see alsanfien et al., 20).7To date no molluscs, foraminifera andHalimeda contributed less than
rigorous comparison of planform changes of the islands o0fi2% each to the sediments. These results are consistent with
Spermonde has been undertaken since the early mapping sfudies reported elsewhere, which show islands are donunate
Umbgrove. by coral/coralline algae facies in the Paci ¢ and Indian Qcea
Whereas initial analyses of the sediments of a small samp(g/oodro e et al., 1999; Kench et al., 2012, 2014&nlZen
of islands in the archipelago focused on speci ¢ sedimentargt al. (2017)also highlight compositional shifts in sediments,
constituents and their pathwaysMzemann et al., 20)5a  which provides insights into ecological transitions in nstelf
recent facies study found they are dominated by mediumseefs that have implications for sediment production reginies
coarse grained sands that are poorly sortégh(3en et al., 20).7 particular, the dominance of coralline algae in surfacersedis
The study also indicated spatial gradients in the texture andnay re ect a change from the major phase of island building
composition of sediments comprising islands. Notably, outewhere predominantly coral constituents have formed the cdre o
shelf reef islands were composed of coarser sediments (sandiands.
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TABLE 1 | Summary of location and area of major vegetated islands of the Spermonde Archipelago.

Isld. No . Island name Latitude (N) & Longitude (E) @ Position P Area (ha)®
1 P. Kodingareng Lompo 5.14 119.27 Outer Shelf 14.4
2 P. Samalona 5.12 119.34 Mid Shelf 2.2
3 P. Laelae 5.13 119.39 Southern Nearshore 8.9
4 P. Kayangan 5.11 119.40 Southern Nearshore 2.6
5 P. Kodingareng Keke 5.10 119.29 Outer Shelf 1.6
6 P. Barrang Caddi 5.08 119.32 Outer Shelf 3.9
7 P. Barrang Lompo 5.05 119.33 Mid Shelf 12.5
8 P. Bonetambung 5.03 119.28 Outer Shelf 2.0
9 P. Langkai 5.03 119.10 Outer Shelf - Rim 16.2
10 P. Lanyukang 4.98 119.08 Outer Shelf - Rim 9.3
11 P. Lumulumu 4.97 119.22 Outer Shelf 25
12 P. Badi 4.97 119.29 Outer Shelf 6.8
13 P. Pajenekang 4.97 119.33 Mid Shelf 4.8
14 P. Sanane 4.94 119.34 Mid Shelf 39
15 P. Panambungar1j 4.95 119.37 Mid Shelf 2.0
16 P. Balanglompo 4.94 119.40 Northern Nearshore 15.7
17 P. Balangcadi 4.94 119.42 Northern Nearshore 8.6
18 P. Langkadeafj 4.92 119.40 Northern Nearshore 24
19 P. Bontosua 4.93 119.32 Mid Shelf 4.5
20 P. Podangpodangcadf 4.90 119.36 Mid Shelf 4.2
21 P. Podangpodanglompo 4.89 119.34 Mid Shelf 3.8
22 P. Sarappo 4.88 119.27 Outer Shelf 8.3
23 P. Karanranglompo 4.86 119.39 Northern Nearshore 13.2
24 P. Polewali 4.84 119.40 Northern Nearshore 27
25 P. Lamputang 4.85 119.34 Mid Shelf 1.8
26 P. Laiya 4.82 119.42 Northern Nearshore 7.5
27 P. Palla 4.80 119.33 Outer Shelf 2.3
28 P. Sarappokeke 4.81 119.24 Outer Shelf 2.0
29 P. Cankee 4.79 119.30 Outer Shelf 15
30 P. Kulambing 4.79 119.43 Northern Nearshore 8.0
31 P. Bankobankoang 4.77 119.44 Northern Nearshore 7.8
32 P. Satando 4.77 119.45 Northern Nearshore 3.7
33 P. Saugi 4.77 119.46 Northern Nearshore 34
34 P. Sabutung 4.75 119.43 Northern Nearshore 16.2
35 P. Sammatelloraya 4.71 119.36 Outer Shelf 4.3
36 P. Sammatellotinggi 4.72 119.35 Outer Shelf 3.0
37 P. Sammatellolaut 4.71 119.33 Outer Shelf 55
38 P. Salebo 4.73 119.30 Outer Shelf 25
39 P. Reangreang 4.72 119.27 Outer Shelf 2.9
40 P. Kapoposang 4.70 118.96 Outer Shelf - Rim 25.9
41 P. Papandangan 4.72 118.98 Outer Shelf - Rim 8.8
42 P. Tambakuluf 4.74 119.06 Outer Shelf - Rim 7.2
43 P. Kondongbali 4.72 119.06 Outer Shelf - Rim 12.1
44 P. Pamangang.smgj 4.69 119.12 Outer Shelf - Rim 6.0
45 P. Surantf 4.65 119.14 Outer Shelf - Rim 4.7
46 P. Sabanko 4.71 119.47 Northern Nearshore 36.6
a7 P. Sagara 4.70 119.45 Northern Nearshore 324
48 P. Salemo 4.69 119.47 Northern Nearshore 8.5

For island locations refer to island numbers as indicated iRigure 2 .
aDecimal degrees,FollowingRenema (2002)and authors classi cation, ¢ Approximations from medium-resolution satellite images (except for denotedl@&nds) and own observations,
dArea surveyed by the authors in Oct/Nov 2012.
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CONTROLS ON REEF ISLAND EVOLUTION  the Paci ¢ (Kench et al., 2012, 201)Second, islands can form
AND MORPHOLOGICAL DYNAMICS across sea-level constrained reef ats, as has been derataustr
in Tuvalu (McLean and Hosking, 1991; Kench et al., 20 latu
From a physical landform perspective reef island developmerttiji (McKoy et al., 2010 The third model allows reef island
and ongoing morphological change is governed by a seridsrmation over submerged reefs and sedimentary deposits as
of critical boundary conditions Kench, 2013 First, sea level sea-level rise slowed toward the mid-Holocene highstand as
change and its control on reef growth and platform developmentdemonstrated in the Maldive&énch et al., 2005, 2000a
which is considered a primary control on the future stability —Recently published evidence of the Holocene sea-level history
of islands. Second, available accommodation space, de sed ia the Spermonde Archipelagaviann et al., 2016aprovides
the volume for sediment deposition, and which is governed bynsights on the likely evolutionary sequence of islands. In
substrate gradient, elevation and sea lewa\v(ell and Thom, particular, Mann et al. (2016apresent evidence from fossil
1999. Storm wave runup processes control the maximum extenmicroatolls that the sea rst reached its present level prior to
of vertical land building, which also have a relative seallev 6,500-6,000 years before present (yE&ure 5. Microatoll
control. The lower limit of accommodation space is deterndine evidence also reveals a higher sea level @5 m 5,500 yBP
by reef platform elevation and lagoon depth. Third, sedimenbefore falling to its current position 4,000 years ago afteictvh
supply which is governed by carbonate budget dynamics anitlhas likely remained relatively stable. This broad pattefsea
sediment generation processéz(ry et al., 201)3 Fourth, the level change and the evidence used to construct it also provides
hydrodynamic regime characterized by wind, wave and curreninsights into the Holocene reef growth in the Spermonde. In
processes as well as the frequency of extreme events timatticular, emergent microatolls dated at5,500 yBP, on reef
transport and deposit sediments on reef surfaces. Thesergactoats suggests reefs either kept up with Holocene sea-leve| ris
are examined in the following sections and implications foror were able to catch up to sea level during the highstandh Bot
islands of the Spermonde are discussed. possible trajectories suggest rapid reef accretion in they ¢éarl
mid-Holocene soon after the shelf was ooded. Furthermaines
evidence suggests reef platform surfaces have been at or near
The Role of Sea Level and Reef current sea level for the past 4,000 years providing a broae tim
Development in Island Formation window for island accumulation. Consequently, given steoit
The in uence of sea level on reef development is widely peeckiv supplies of sediment it is possible that some islands in the
as the most important control on the evolution and future Spermonde may have begun accumulating 6-5,000 years ago
stability of reef islands. Initial theories embraced a ssqial at higher sea level, as shown in the Cocos (Keeling) Islands
model of island evolution whereby sea-level stabilizgtion
completion of vertical reef development and reef at formatiat
sea level were precursors for the evolution of islands. Sujpyprt
evidence of this linear model is found in examples from the -mid
Paci c and Indian Oceans, where for the past 6,000 yearsgeh le
has been at or slightly higher than presevtdodro e etal., 1999;
Woodro e and Morrison, 2001; Kench et al., 2012, 20/14a
However, disparities in late Holocene sea-level dynamids ar
reef growth responses (timing and magnitude of change) bertwe
reef regions have provided diering boundary conditions
and temporal constraints for the onset and accumulation of
reef islands. Recent studies suggest that island initiadiod
development is more complex. Islands have been shown to 5 i
form under both rising and falling sea-level conditions,dan
across substrates of varied elevation and compositidnqdro e
et al., 1999; Kench et al., 200MNotably, these studies also
highlight that island formation is dependent on the relatsimip
between sea Iev_el and reef platfo_rm development and _nOt ]usleURE 5 | Holocene relative sea-level curves for the Spermond e
one of these variables. From the limited number of studiex th Archipelago based on geophysical model predictions from Lambeck
have reconstructed island formation in relation to both sea| (1998), Peltier (2004), and De Boer et al. (2014a,b) , eld observations
level change and reef grovvth, three models can be proposed folfom De Klerk (1982) and surveyed fossil microatolls from Mann et al.
reef island formation, which di er in the elevation and type of (2016a). Differences between the two data sets are e>.<pla.ined by the tierent
. . . methodological approaches {/ann et al., 2016g). Fossil microatolls have
Su.bSt.rate ovgr WhICh they accumulate and in the sea-lestatyi relatively low positional uncertainties and a precise inchtive meaning,
coincident with island formation. First, islands can formm o0 | especially when their elevations can be compared against #ir living analogs.
emergent conglomerate platforms, or reef ats, exposed by mid Multi-proxy approaches, where different sea-level markerare combined into a
late Holocene sea-level fall. This model is supported by ecigle single relfitive sea-level curve, are rather prone to mlismipreta}tio.ns (Adopted
of islands perched on raised conglomerate in the Indian Ocea Z’;d modi ed from Mann et al. (20162) reproduced with permission from
(Woodro e et al., 1999 and emergent reefs at other locations in sevien.
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(Woodro e et al., 199 Jabat Island, Marshall Islandsdgnch  appears to have been more episodiench et al. (20058hows
et al., 2014pand Bewick Island, Great Barrier Regffich et al., Maldivian reef islands formed in a constrained 1,500 yearqakri
2012. Such islands would have become emergent as sea leirelthe mid-Holocene and building slowed dramatically 3,500
fell suggesting they would be higher in elevation than id&an years ago. Additionally, in storm-dominated environmeistand
formed at lower sea levels and would be currently perchedabovyormation has been characterized by periodic depositionarist
the process regime under which they were formed. In additiomgenerated rubble Maragos et al., 1973; Bayliss-Smith, 1988;
islands may have continued to form as sea level fell, acrostgyne and Chappell, 20p1
emergent platforms 5,500—4,500 years ago and subsequéettot Dierences in sediment accumulation patterns between
sea level still stand. islands can be partly explained through temporal

In the absence of detailed chronostratigraphic studies it isransitions/variations in sediment supply during island
not possible to re ne the timing of the onset and temporal formation and recognition that the relationship between
window of island building. However, it is feasible that islan reef production and sediment generation is not line&re(ry
have continued to accumulate during each of the sea-levek al., 201). Changes in sediment generation are therefore, likely
phases as a consequence of di erential reef growth and platformo re ect alterations in the delicate balance between reefth
development between outer, mid and nearshore reef sites. Fand productivity through time. For example, triggers for isfian
example, aerial imagery from across the shelf suggests mjeri formation in the mid-Holocene appear to be coincident with
reef geomorphic structures and basements of islakitsufe 6).  reefs either attaining sea level or reaching wave base &asieg
At a number of outer and mid-shelf sites, islands appear to ba pulse of excess carbonate sedimetench, 2018 Sediment
deposited directly on top of reef at surfaceBigures 6A—F. pulses may also have resulted from reef at emergence. Indeed
However, the nature of reef development has not been as plansea level driven changes in the ecology of reef ats would have
reef surfaces at all locations, but also as reticulate reefonks  altered the dominant constituents available for islandhiation
that can be found in the nearshor&igures 6G-). In addition  from sediments derived from primary producers (e.g., frame
to sea-level changes, reef platform geomorphology in uetfoes builders such as coral) to secondary benthic producers (e.g.,
timing of island formation. For example, in settings with gher  foraminifera, calcareous green algae). For example, Greel]sla
elevation reef rim and shallow lagoons, in Il of lagoons Wbu Great Barrier Reef, is considered to have formed following
be required as a precursor to island formation which may hava transition in reef at ecology to foraminifera dominance
delayed the timing of island formation on some reefs. Onéarg following sea-level stabilizationYdmano et al., 2000 Of
reef platforms therefore, the onset of island formation kely  note, the sedimentological evidence from the Spermonde also
to have been delayed as large lagoon volumes required in #uggests that the core sediment of mid-shelf reef islands wa
prior to island development, as has also been found in Maldiviadominated by coral, but that the surface beach materials are
faros Perry et al., 2003 Resolving potential di erences in reef now dominated by coralline algaégnlRen et al., 20).7Such a
growth and onset of island accumulation would provide a mordransition suggests changes in the dominant carbonate predu
robust basis to understand island formation dynamics in theon the surrounding reef platforms.
archipelago.

Process Controls on Island Development
i While sea level, reef platform development and sediment

The Importance of Sediment Supply for availability are essential components of island formatida the
Island Building hydrodynamic process regime (waves and currents) thatauter
Island formation necessitates the generation and transfer with reef structures to entrain, transport and deposit seditse
carbonate sediments to Il the accommodation space betweeat nodal locations on reef surfaces to construct islargisqdart
the platform surface and maximum wave runup limit. It is and Steers, 1977; Gourlay, 1988; Kench, R0l importance
widely perceived that the reef “carbonate factory” yieldsiasit  of wave—reef interactions for island construction and chaage
continual supply of sediment to build or maintain landforms. expressed in two ways. First, reefs act as a lter to wave gnerg
However, existing studies indicate that the composition andhus modulating the available energy to perform geomorphic
supply of detrital sediment available for island formatiomca work. Second, the con guration of reef platforms refractdan
vary temporally as a consequence of changes in reef growth/redi racts wave energy which can in uence the location that
ecology famano et al., 2000; Woodro e, 2008; Perry et al., 201lislands occupy on reef surfaces and their ultimate planforapsh
and these in turn in uence the pattern of island accumulation  (Gourlay, 2011; Mandlier and Kench, 2012

While numerous studies have shown that islands rst The physical interaction of waves with coral reefs causes
appeared in the middle Holocene 6,000 years ago), which incident energy to transform, break and release energy.
could also be the case in the Spermonde based on the sea ldvel @onsequently, through the breaking process, reefs are able t
reef development patterns, evidence suggests that the sidigeq reduce incident energy by up to 90%Rdberts et al., 1977;
accumulation history may follow di erent patterns contrafle Lee and Black, 1978; Roberts and Suhayda, )138Gwever,
by sediment availabilityench, 2013 For example, Warraber despite large reductions in wave energy at the reef edge,aemn
Island in the Torres Strait formed continuously over the pastenergy propagates across reef surfaces and is availablé/aiect
3,000-5,000 years in response to a sustained supply of sedimgebmorphic processes and in uence island development. The
(Woodro e et al., 200). However, in other settings formation propagation of wave energy onto reef platforms is controlled
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FIGURE 6 | Examples of reef island planform shape and location o n reef surfaces on the outer rim (A—C) , mid-shelf (D—F), and inner shelf(G-I). Note
number of islands with anthropogenic modi cation. Locationof islands shown inFigure 2 and size of islands presented iffable 1. Numbers below island names
refer to Table 1 and Figure 2 (Satellite images from Googl&M, © 2017 DigitalGlobe).
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FIGURE 7 | Conceptual models of wave interaction with reef pla  tforms, resultant current gradients and controls on island for mation. (A) Wave
interaction with a linear atoll reef rim(B) Isolated reef platforms where wave energy can refract arounthe platform. (C) Idealized ocean-to-lagoon cross-section
showing the decay in wave energy and generation of wave setugdriven currents across reef ats. The decay in wave energy andurrent energy reduces the capacity
to transport sediment, providing an envelope for the accumiation of sediments at nodal points on reefs (islands). Aslands build toward reef the edge they accrete
vertically in response to increased wave energy and runup pcesses.

by tidal stage and is at a maximum at higher watBwoerts are unidirectional from ocean-side reef to lagodfigure 7A),

et al., 1977; Brander et al., 200Reef width and water depth often resulting in linear island orientatiorF{gure 7A and also

across reef surfaces have been found to be important contradee islands 40, 42, 44, and 45Figure 2). However, on circular

on the incidence of wave energy at island shorelirng@siider or complex shaped reefs wave refraction and di raction patterns

et al., 2004; Lowe et al., 2005; Kench and Brander, 200@enerate a more complicated set of energy gradients thaticiter

Kench et al., 2009H,cIn general, wave energy on reefs andon the reef surface to produce depositional centéiigire 7B;

the ability to perform geomorphic work at island shorelinesMandlier and Kench, 2092

increases with relative water depth (h) and as the reef width Island building, therefore, is dependent upon the gross

decreases as captured in the “reef energy window indéx'¢h  energy incident at reefs, the relative Itering e ect of cbra

and Brander, 2006a Consequently, as reef width increaseseefs, which varies spatially depending on reef elevation and

wave energy diminishes through additional frictional disdion.  the con guration of reef structures that in uence the dirgan

Ultimately, the cross-reef energy reduction typical of mosbf energy gradients. Furthermore, it is the interaction bfst

reef platform surfaces constrains the amount of time that theeef top energy regime, when combined with the grade of the

sediment transport system is activated. available sediment reservoir, which determines the locati
As both wave and current energy generally reduces imorphology and sedimentary character of reef islands. Iiéig

magnitude from reef edge across reef platforms, the intémsec energy settings the across reef current gradient is stedjger t

of energy gradients across small platforms promotes ded¢glera in moderate to low energy environments. Consequently, highe

of currents, creating a nodal point for sediment accumulatio energy settings are capable of transporting a wider range of

(Figure 7). On linear reef rims, as it is the case for many atollssediment sizes and/or activate transport for longer dumatio

but also the barrier edge in Spermonde, wave energy gradierttsan low energy environmentsKgénch, 201R In linear reef
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settings the cross-reef deceleration of currents combingd ~ Extreme Events
the competency of ow to transport sediment will determine the Short-period extreme events such as tropical hurricane$ycgs
location of deposition. In such settings islands tend to peatgr and storms have been well recognized for their ability toseri
toward the reef edge. On circular platforms the nodal locathd  near-instantaneous geomorphic change on reef islands as a
wave energy interference provides the depocenter for sedimeoconsequence of super-elevated water levels and extreme wave
accumulation. In these settings islands may prograde arounideights Blumenstock, 1958; Blumenstock et al., 1961; Stoddart,
their entire circumference. Furthermore, as islands prdgra 1971; Stoddart and Steers, 1977; Woodley, 1980; Woodléy et a
across reef platform surfaces toward the reef edge, shaselin€981; Bayliss-Smith, 1988; Harmelin-Vivien, 1994; Wiika
are gradually moved into incrementally higher energy sgti et al., 2010 However, less well-documented are the impacts
Consequently, shoreline runup processes are more activehwhiof tsunami ench et al., 2006b, 20P&nd longer period swell
allows island margins to build higher with respect to seaevents Emithers and Hoeke, 20)Lin forcing changes to islands
level Figure 70). The result of this style of deposition is a attimescales of seconds to days.
characteristic basin shaped morphology to island surfaces as Collectively, extreme events can promote both erosion
pro les of a number of islands do show. Furthermore, cross-and accretion responses on reef islan8syliss-Smith (1988)
shelf di erences in energy should also be expressed in di ezenc proposed the earliest morphodynamic model for islands based
in island topography. In particular, more energetic wave runupon their disparate behavior to extreme events. He suggested th
processes at exposed outer reef sites should promote higdnaa isl mode of morphological change depended on the sedimentary
margins than at lower energy sites, as also showiidnych et al.  composition of islands and storm frequency and intensity
(2006ajn the Maldives. (Figure 8. Sand dominated islands, located in environments
The relative balance of energy, reef con guration andwith low storm frequency, or sheltered from storm impacts,
sediment caliber provides a useful framework to consideare susceptible to erosion during extreme wave events. Such
the distribution of islands in the Spermonde. Although extensive erosion was documented on the sand cays on tte=Beli
undocumented it is assumed there is a general reduction rewa barrier reef in response to Hurricane Hattigtpddart, 1968 In
energy from the outer shelf rim to nearshore reef systems. Qfontrast, in storm-dominated and exposed settings, islamds a
note, there are few islands on the western barrieiggre 2  commonly composed of coarse rubble and their morphological
which may re ect the fact that incident energy is e ective atresponse to storms can be di erentto sand cays. Storm events ca
transport sand-size materials across the reef surface aad thgenerate large volumes of material, by mechanically rengpvi
sediments may be ushed across the reef into the lagoon anld/ing coral communities and depositing this material on free
are unable to achieve an equilibrium position on the barrieefr  ats and on islands. Such storm aggradation was observed by
surface. In general, islands become more common in the migayliss-Smith (1988 islands in Ontong Java and byord and
shelf and nearshore, which is likely to re ect a ner balanceKench (2016)in the Marshall Islands. Furthermoréylaragos
between energy and sediments that do achieve a depositiorslal. (1973focumented the deposition of 1.4 10 m3 of storm
node on the reef surface. Notably, islands on circular ptatfo rubble on the windward reef platform of Funafuti atoll, Tuuals
largely mirror the reef con guration but tend to be positiode
toward the landward side of the reef surface. A number of
nearshore islands have been deposited at the landward side[of
individual reticulate reef platforms and in some instancppear
to have prograded onto and across the landward fore-reef slope
(Figures 6G-).

MORPHODYNAMIC BEHAVIOR OF REEF
ISLANDS

Since the earliest detailed observations of reef islangi®thas
been abundant evidence that reef islands are dynamic lamdfo
(Umbgrove, 1929; Verstappen, 1954; Stoddart, 1965; Hopley,
1979 that are able to adjust their position, shape and size on
reef surfaces. In recent decades the international conoeen
island stability in the context of global change has heigate
the interest in resolving the precise drivers of island cleaagd
the possible styles of island adjustment in order to bettsohee
future island dynamics. The morphodynamics of reef islarmés a
manifest via continual physical adjustments to alterationthe FIGURE 8 | The geomorphic response of motus and sand cays to the
process regime that are driven by changes in climate, intidenimpactof storm events and re-adjustments in island form during
waves, sea level and sediment availability. These process dr | Merim low-energy conditions (Adopted from  Bayliss-Smith (1988) ,
changes occur at a range of temporal scales. reproduced with permission from John Wiley and Sons Inc.).
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a consequence of Hurricane Bebe in 1972. Subsequent rexgorkiwaves and currentench and Brander (2006&xamined the
of this sediment onto island shorelines has expanded isla@d a seasonal adjustment of shorelines around eight islandguths
up to 10% Kench et al., 2005 Maalhosmadulu Atoll, Maldives. Their results showed thaf ree
In recent years the eects of tsunamis and long-periodislands experienced considerable planform beach adjustments
swell waves on reef islands have been analyzed in more detaéiétween seasons 53 m), with beach sediments driven by energy
Kench et al. (2006b, 200&yere the rst to provide direct vectors from the windward to leeward sides of islands. Nigtab
and quantitative observations of the geomorphic impacts ofhe study found that: (i) while seasonal uxes of sediment
tsunami on islands in the Maldives as a consequence afere large they were balanced at the annual scale; (ii) beach
the Sumatran tsunami (December, 2004). Based on survegsorganization occurred in the alongshore direction) @iatterns
and the sedimentary analyses of the pre- and post-tsunanaf beach change were predictable for each island; and (iv) the
island surfaceKench et al. (2006b, 2008howed that tsunami pattern of beach adjustment varied between islands of di eren
waves washed over signi cant parts of the study islands ishape. Results were synthesized into an island oscillatidexin
South Maalhosmadulu Atoll. The impact, which coincided withwhich can be used to establish the sensitivity of shorelioes t
the northeast monsoon, resulted in a temporary geomorphishifts in climate regime. These results were later con rmed
disequilibrium where the depletion of beach sediments on théy additional studies on seasonal wave characteristics and
exposed shoreline sections led to the continued retreatlafidls monsoonally in uenced sediment circulation around regéisds
scarps in its aftermath. Indeed the tsunami event is creditgd  in the same areaKench et al., 2009a,l),cAnalyses showed
performing the geomorphic work normally accomplished acrosgircular islands, of which there are numerous in the Spernend
the entire northeast monsoon season. In addition washoveirchipelago, were most sensitive to changes in incident wave
sedimentation was able to contribute to vertical islandiding  processes.
across signi cant portions of island surfaces. Nevertrelése More recently,Mann and Westphal (2014gxamined the
observed geomorphic changes on the analyzed islands indicaipportunity to detect seasonal changes in the beach extent
that reef islands are robust against the impact of high-epergon interannual high-resolution remote sensing data from Tak
tsunami waves. A similar set of e ects that include shorelinéAtoll. The recognition of such monsoonally in uenced beach
erosion, deposition and washover sedimentation have beesections allows for the calculation of long-term changes in
described for Taku Atoll in the Paci c following long periotell  planform beach morphology of reef islands despite the common
events Emithers and Hoeke, 20).#Planform reefisland recovery temporal gap in available remote sensing data.
after this swell event was characterized by negative fekdba It is evident that the predominantly sand islands of
processes, typical for open-geomorphic process-response systedpermonde are also subject to large-scale uctuations irchea
(Mann and Westphal, 2016; Mann et al., 201L6b volume around island shorelines, which would appear to be
There have been no detailed accounts of the impact of extrenferced by changes in monsoon wind elds and wave patterns
events on islands in the Spermonde Archipelago. The latitaidin (Figure 9. A quantitative analysis of such changes and the
location suggests the islands do not experience extremeragcl process drivers, which is currently lacking, would provide aeno
events. While the sedimentary composition of islands (e@&os robust basis for coastal management decision making.
medium sands) is consistent with a non-cyclone settingsnsto
events are still likely to promote changes of island shorsline
However, such changes are postulated to follow the sand c
mode of Bayliss-Smith (1988Wwith shoreline erosion followed
be a period of recovery rather than storm generated expansid
of islands through the generation of large rubble sheetsil&Vh
extreme climatic events may not be prominent in the archipejag
it is situated in a broader tectonically active region whdre
generation of tsunami has been regular over the middle te lat
Holocene and therefore could drive periodic transitionsskand
morphology.

ay

Seasonal Timescales
Predictable shifts in monsoon wind directions on a seasonal
timescale a ect the short-term geomorphology of reef island
as wind-waves are able to entrain reefal and beach sedime
and transport it to depositional nodes around the island
footprint (Stoddart and Steers, 1977; Gourlay, 1988; Brand
et al., 2004; Kench et al., 2006a; Kench and Brander, 2006
A good understanding of monsoonally controlled changes i

beach systems of reef islands is important for adequate aloas
management decisions. However, in recent years only a fe

studies have analyzed in detail the geomorphic response bf red

island shorelines to the e ects of seasonal uctuations imayi

t FIGURE 9 | Example of seasonal shifts in beach position due to
yghanges in monsoon wind direction around Pulau Kodingareng K
| {Island 5 in Figure 2 and Table 1), a small vegetated sand cay on

outer shelf (Satellite image from Google ™, © 2017 DigitalGlobe).

eke
the
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Multidecadal—Centennial Timescales environmental controls on development and ongoing change
At longer timescales reef islands respond to long-term shift of islands in mid-ocean atoll settings such as the Maldives,
wind and wave climates, sea-level change and sediment suppfiitibati and Marshall Islands. In contrast there has been a
However, attributing the role of each factor in island chang paucity of scienti c investigations of islands in the Sperrden
has yet to be de nitively resolved. At interannual to dedadaArchipelago (or wider Indonesian archipelago). At the inteda
timescales variations in wind conditions (e.g., EI-Ninai®@rn  between the Pacic and Indian Oceans and amid the coral
Oscillation variations) and their in uence on physical preses triangle, the Spermonde Archipelago is in a unique tectonic
on reef surfaces (e.g., wave energy and sediment ux) hawnd oceanographic setting. Furthermore, the inferred asros
been shown to govern the morphological and planform changeshelf energy gradient provides an excellent laboratory to
(migration) of islands Yerstappen, 1954; Flood, 1986; Dawsorexamine dierences in island building processes. From a
and Smithers, 2030 scienti ¢ perspective there are likely to be signi cant new
Webb and Kench (201(resented detailed alterations in the insights to be gained from detailed investigations of id&n
planform con guration of atoll islands in the central Pacic in the archipelago. Indeed it is important to test and verify
over four decades, a period in which sea level had risen @rrent models of island formation and dynamics and it
mm/yr. Their detailed observations showed that all islahds  is conceivable these models will be further extended from
undergone morphological change although the magnitude anddditional research e ort. From a practical coastal manageme
style of change diered between islands. Forty three percergerspective additional research is necessary to better predic
of islands increased in size while a further 42% of islandghe future transformations in islands and support the ongoing
showed little net change over the period of analysis. Only 15%hanagement of islands. Consequently, we recommend four
of islands had decreased in ar&debb and Kench (201Calso  research priorities.
showed that net changes across four decades masked mueh Iar&;
gross morphological adjustments in islands. In particulaean
shoreline erosion and lateral extension of islands was comm
In general, dierences in erosion and accretion around islan
shorelines resulted in migration of islands on reef platferm
toward the lagoon. Such ndings are consistent withoddart
(1963)who attributed lagoon migration of islands in the Belize
Barrier Reef to rising sea level. However, a primary conafusio
from Webb and Kench (2010Was that sea-level rise had not
caused widespread erosion of reef islands. With the exception
of one study Qlbert et al., 201§ similar conclusions have
been drawn by subsequent studies that evaluated decaalal-sc
shoreline changes on reef islands based on the interpretatio
of remote sensing date=¢rd, 2011, 2013; Rankey, 2011; Yates
et al., 2013; Ford and Kench, 2014, 2016; Mann and Westpha|
2014, 2016; Mann, 2015; McLean and Kench, 2015; Mann et a
2016b; Testut et al., 2016; Duvat and Pillet, 20Notably,
Kench et al. (2015%xamined changes in islands of Funafuti atoll
over more than a century, and also found a lack of consistency
in island response, with the majority increasing in land area
Ultimately, the weight of studies indicate islands are rdabus
geological entities that are likely to persist across thé cenxtury,
but will continue to undergo morphological change. It would
seem that an array of short-term environmental processel suc
as storms, wind variability, sediment supply and anthropogenic
impacts all interact to in uence island morphological adjortnt
across a range of temporal scales and make it di cult to iselat
the impact of sea level as an individual driver of island cleang
(McLean and Kench, 20}5

. In the context of understanding island evolution and omgp
stability it is essential to resolve questions concerning t
timing of island development, whether, islands formed
synchronously and whether islands continue to have active
sediment linkages between the reef platform and island
shorelines. To date, no data has been published on the
age of sediments comprising islands in the Spermonde
Archipelago or attempted to construct a chronology
constraining the timeframe of island accumulation. Dedlil
chronostratigraphic studies alongside improved resolution
of mid- to late Holocene sea-level change will re ne the
speci c relationship between island formation and sea-
level change and provide insights into potential future
responses.

. We argue that carbonate budget studies are essential

"to better understand the dynamics of reefs and islands,

and to model the eects of climate change. While

carbonate production processes are broadly understood,
contemporary analyses of carbonate production and
sediment generation rates are lacking. Such information
is of critical importance to understanding whether islands
are connected to ongoing supplies of sediment or are
built of relict reservoirs of sediment. Such dierences
will inuence the future morphological trajectory of
islands and in uence the availability of aggregates formaloc
communities.

3. Early investigations of the islands of Spermondenfpgrove,
1929, 193D generated detailed maps of island shape and
location. There is signi cant potential through the use ofiaér
photographic and satellite imagery to resolve the magnitude,

PERSPECTIVES FOR RESEARCH IN THE rates and styles of island change across the archipelago.

SPERMONDE ARCHIPELAGO Such a dataset has the potential to be the second longest

in temporal length and would be an invaluable addition

Over the past three decades there have been considerableto the growing data on island change from the dierent

advances in understanding the geological evolution and reefseas.
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