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Key Points:

« We provide the first estimation of sediment delivery rates to 28 coral reef islands
using all data available from the literature.

« Results point towards a sediment delivery rate of c. 0.1m3.m~'.yr—!, but with
substantial inter-island variability.

e Where island building has been continuous through island history, long-term de-
livery rates provide valuable estimates for contemporary rates.
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Abstract

standing their morphodynamic adjustments, but is poorly constrained due to insufficient
knowledge about sediment delivery rates. This paper provides the first estimation of sed-
iment delivery rates to coral reef islands. Analysis of topographic and geochronological

data from 28 coral reef islands indicates an average rate of sediment delivery of c. 0.1m?.m~

Coral reef islands are amongst the most vulnerable environments to sea-level rise
(SLR). Recent physical and numerical modelling studies have demonstrated that over-
wash processes may enable reef islands to keep up with SLR through island accretion.
Sediment supply to these islands from the surrounding reef system is critical in under-

but with substantial inter-island variability. Comparison with carbonate sediment pro-

duction rates from census-based studies suggests that this represents c. 26% of the amount
of sediment produced on the reef platform. Results of this study are useful in future mod-

elling studies for predicting morphodynamic adjustments of coral reef islands to SLR

Plain Language Summary

Low-lying coral reef islands are under threat of sea-level rise. However, when these

islands are flooded, ocean waves can bring in sediment that can increase the island el-

evation. This would enable coral reef islands to better withstand flooding in the future.
Knowing how much sediment is brought in will help in our understanding of future changes
to these islands due to sea-level rise. In this paper, we use data from 28 Indo-Pacific coral

reef islands to compute sediment supply to the islands. We find that on average 0.1m3
of sediment (roughly 100 kg) is delivered each year for every meter of island shoreline.

We further suggest that implies that only one quarter of the sediments produced by the
coral reef system is delivered to the island shoreline. Most of the sediment produced re-
mains on the reef flat or is exported to the ocean or the lagoon. Our results will help fu-
ture studies to predict more accurately how coral reef islands will adjust to sea-level rise.

Supporting Information

Figure 1: Location of archipelagoes and reef region in which reef island formation
has been studied. Coral reef islands in this study are distributed across the Indo-
Pacific regions and located in six atoll archipelagos and four barrier reef settings.

Table 1: Average and upper delivery rates calculated for 28 coral reef islands in

the Indo-Pacific region. Delivery rates in m3.yr—
yr

in m3.m~1!

-1

are displayed for each island.

1

and normalised delivery rates

Table 2: Pearson correlation matrix calculated for thickness of sediment, island
surface, island volume, island shoreline perimeter, accumulation period, average
delivery rate and normalised average delivery rate. P-value indicating statistical
significance are displayed (p-val<5%: *; p-val<1%:**; p-val<0.1%: ***).

Figure 2: Average delivery rate versus island size.

Table 3: Summary of islands characteristics: nature of the island, number of ra-

diometric ages, oldest and youngest ages and accumulation window.

Table 4: Summary of islands characteristics: sediment thickness, island basis (used
for computing the island thickness), island surface, reef and island perimeters and

reef width.

1

yr

-1
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Figure 1: Location of archipelagoes and reef region in which reef island formation has

been studied



99el AISAI[9(] POSI[EULION

L2170 2600 zeTT 0T0T  UOljelAdp pIepuelg
IST°0 STT°0 9¢. 9%9 ueaAl

(8702) T8 %0 WU 10°0 -/+ 6200 T0°0 ~/+ ¥L0°0 0F ~/+ 008 0F ~/+ 08¢ eyesn, npeant,
(F102) T8 10 youdy] 80°0 -/+ €570 G0°0 -/+ T€0 0°0L -/+ 0°0SF 0°0% -/+ 009 endag,

(6102) Te 1 orsgejuoy c0°0 -/+ 210 c0'0 -/+ 210 0°00€ -/+ 0°008T 0°00€ -/+ 0°0061 MS ojodexer,

(6102) T 10 uoI3Sejuoy €0°0 -/+ 120 €00 -/+ 20 0°00% -/+ 0°00ST 0°00Z -/+ 0°00¥T HS ojodeye],

(€202) T8 30 TuoI33eIuUOIN €0°0 -/+ 120 €0°0 -/+ LT'0 008 -/+ 0705 009 -/+ 008 ouourep njoN njoureny,

(€20g) Te 1o morsseyuoly  $00°0 -/+ 8200  ¥00°0 -/+ 8200 0°0% -/+ 00T 0°0% -/+ 00T nurery njo

(L002) T 30 9HOIPOON  800°0 -/+ GE0'0  600°0 -/+ GG0°0 0°0¢ -/+ 0°012 0°0€ -/+ 0012 e SN
(2102) T8 10 Pouoy €0°0 -/+ 81°0 €0°0 -/+ L1°0 0°00% -/+ 070031 0°00% -/+ 0°003T youmog
eIu
(¥10g) Te % ourwrex z0'0 -/+ S1°0 z00-/+ 10 009 -/+ 0°0¥¥ 0°0% -/+ 0°00€ BN -Opo[e) MON
(¥102) T8 90 1pOoYnsex 80°0 -/+ €S°0 90°0 -/+ 2£0 000G -/+ 0°00¥¢ 0°00€ -/+ 0°00¥¢ pue[s] eIne|
(¢t0g) e 1o Poudy| €0°0 -/+ 61°0 €0°0 -/+ 810 0°0S -/+ 0°0¥¢ 0°0S -/+ 0°02€ urp
(9102) Te 30 womQ
pue (0z0g) T8 %0 pIog 70°0 -/+ €20 70°0 -/+ €20 009 -/+ 0°0T¥F 009 -/+ 0°00% o[
(zgoz) e % Puoyy 100 -/+ 1800  T0°0 -/+ 2L00 0°0€ -/+ 07082 0°0¢ -/+ 0°00g uaIpouqe[ [RUSTe]\
(¥102) e 32 Pudy 8000 -/+ €50°0  800°0 -/+ TG00 0°0¢ -/+ 0°01¢ 0°0€ -/+ 0°01¢ yeqep
(020g) T8 90 uas 200 -/+ ¥1°0 200 -/+ €1°0 0°00T -/+ 0°006 0°00T -/+ 0°098 00YPeA
(€00g) Te 1o Puy 100 -/+ ¢L0'0 6000 -/+ 92070 00T -/+ 0L 08 -/+ 0°6S OOPeII,
(8T0T) Te % 3Ised 100 -/+ 800 100 -/+ 1900 0°0% -/+ 0°09T 002 -/+ 0°0€T ooypeurey
(2goz) Te ¥ Suery 1070 -/+ 1L0°0 10°0 -/+ 900 00T -/+ 0'88 00T -/+ 0°¢L ooypeqeeeoyeWAdPUOY]
(¢gog) e 1o Suery 1070 -/+ 1600 T0°0 -/+ 890°0 0°0% -/+ 0°0TT 00T -/+ 0768 ve[eSeeRpUR)]
(€002) e 1o Pudy 6000 -/+ LS00 €00°0 -/+ L1070 0L -/+ 06F 0C -/+ 061 ooypny[ny
(€00g) e 1o PuOy  F00°0 -/+ ¥20'0 €000 -/+ 8100 0¥ -/+ 062 0€-/+ 0o ooypeurees)
(8102) T8 1@ 35y 20’0 -/+ 910 ¥00°0 -/+ €200 0°0€ -/+ 0°06T 0% -/+ 0L ooypuesey(
(8T0Z) Te %@ 358 L00°0 -/+ LFO'0  ¥00°0 ~/+ 9200 09 -/+ 0¥ 0¥ -/+ 0°6¢ unpog SOATPIRIN
(8102) Te 1R 3Ise  800°0 -/+ S0°0 9000 -/+ F0°0 06 -/+ 0%9 08 -/+ 0CS ooypreueAred .
(1002)

UOSLLIOJ\ PU® 9OIPOOA 600 -/+ 6270 v0°0 -/+ ¥2°0 0°009 -/+ 0°00T¥ 0°00S -/+ 0°00G¢ un{ey 1RqLIY
(010) T 10 £O3OIN  T0°0 -/+ €200  10°0 -/+ ¢L00 0°0T -/+ 0°L9 0°0T -/+ 0°99 TuIARN] L
(010z) Te 10 Lo3[OIN €0°0 -/+ 81°0 200 -/+ €1°0 0'0% -/+ 0°0ST 0°0¢ -/+ 0°0TT e[RUrR[R]\]

(6661) ‘Te 30 9JOIPOOA\ $0°0 -/+ ¥2°0 700 -/+ ¥2°0 0°00S -/+ 0°00.€ 0°00S -/+ 0°00.€ PUR[ST 1SOA\ $0000)
Toddn o8rIoAR 1oddn o8rIoAR
22anog (8w qw) (-8 gw) @3ea L12AIPQ puersy oSeradryoay

U081 OYIORJ-OPU] 91} Ul SPUL[SI JOal [BI0D Q7 I0] Paje[nored sajel A1oArep 1oddn pue oSeroay :T o[qel,



thickness of

island

island

island shoreline

accumulation period (to average normalised average

sediment surface volume perimeter present) delivery rate delivery rate

thickness of sediment 1.0%* -0.22 -0.07 -0.24 0.09 -0.16 0.04

island surface -0.22 1.0%*= 0.98*** 0.9%** 0.15 0.96*** 0.51*

island volume -0.07 0.98*** 1.0%** 0.88*** 0.2 0.95%= 0.55**

island shoreline -0.24 0.9+ 0.88%+ 104+ 0.19 0.91%++ 0.44*
perimeter

BEELTN Sro p:"r::egg 0.09 0.15 02 0.19 109+ 0.07 -0.33

average delivery rate -0.16 0.96*** 0.95%* 0.91*** 0.07 1.0%+* 0.66%*

porRlisgrljayenans 0.04 0.51% 0.55+ 0.44* -0.33 0.66++ 1,00+

delivery rate

Table 2: Pearson correlation matrix calculated for thickness of sediment, island surface,
island volume, island shoreline perimeter, accumulation period, average delivery rate and
normalised average delivery rate. P-value indicating statistical significance are displayed
(p-val<5%: *; p-val<1%:**; p-val<0.1%: ***).
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Figure 2: Average delivery rate versus island size
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