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Abstract
This study sought to understand why/when sand islands formed off the north coast of Viti Levu Island (Fiji), how they
subsequently developed, and what is likely to happen to them in future. During fieldwork in 2010 and 2016, six groups of sand
islands were mapped and their sub-surface stratigraphy analysed; radiocarbon ages were obtained for 16 samples. All islands rise
from emerged bevelled reefal platforms 0.55 m below msl on average. Radiocarbon ages from sediments overlying these
platforms suggest they emerged above low-tide level around AD 1300. Once emerged, mangroves and/or seagrass beds devel-
oped on platform surfaces, allowing sediment to accumulate. Interior sand islands developed and grew to occupy most of the
emerged platforms, pushing mangroves and seagrasses to their margins. Recent sea-level rise has seen island shorelines recede;
Severe Tropical Cyclone Winston (February 2016) caused profound changes to the form of some and led to deposition of rubble
banks along their fringes. This study contributes evidence for the origin, development and likely prospects of such sand islands
under a changing climate. It has implications for the future sustainability of coastal ecosystems in such regions and for the
livelihoods of the peoples who depend upon them.
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Introduction

It is likely that the rate of current global sea-level rise will ac-
celerate during the twenty-first century and beyond, and that the
average intensity of tropical cyclones will increase (Church et al.
2013; Nerem et al. 2018;Walsh et al. 2016).Many communities
on tropical island coasts in the Pacific and elsewhere subsist
routinely from the surrounding environments, especially those
along the terrestrial fringe and in nearshore, often reef-bounded,
shallow-water marine environments. Over the past twenty years,
the realization that the subsistence capacity of these environ-
ments might be significantly reduced by increasing

mismanagement and future climate change, has grown (e.g.
Fisk et al. 2017; Mangubhai et al. 2012; Nunn 2013). In partic-
ular, the likelihood that ocean acidification will severely impact
the coral reefs that commonly anchor these biodiverse environ-
ments is clear, as is the expectation that accelerating sea-level
rise will also mobilize and re-distribute surficial sediments cur-
rently stored in beaches, deltas, sand islands, and the floors of
shallow shelves (Eyre et al. 2018; McLean and Kench 2015;
Perry et al. 2011).While there are other aspects of future climate
change (such as tropical cyclones) that will also play a role in
changing such environments, ocean acidification and sea-level
rise are likely to have themost widespread and enduring impacts
on the productivity of nearshore coastal environments and their
critical contribution towards sustaining human livelihoods on
tropical Pacific islands.

Sand islands are the focus of this study. They have often
been studied because of their transitory nature, which can be
linked to monotonic environmental histories of storm activity,
climate (especially precipitation) change, and sea-level change
(Duvat et al. 2019; Duvat et al. 2017; Kench et al. 2014; Kench
et al. 2018; Rodriguez et al. 2018; Woodroffe 2008). Sand
islands that alternately aggregate and disappear are found off
the mouths of large rivers, where their presence is linked to
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changing sediment loads (Hong et al. 2010; Otvos and Carter
2008), or on broad coral reef surfaces (particularly atoll or
barrier reefs), where some may both appear and disappear in
places during storms (Kench 2014; Yamano et al. 2005). The
diminution and disappearance of sand islands have also been
interpreted as an indicator of contemporary sea-level rise and a
preview of the situation that may become more common in the
next few decades (Albert et al. 2016; Nunn et al. 2017).

In tropical oceanic contexts, sand islands are generally of two
kinds – cay andmotu (Nunn 1994). Cays are ephemeral islands,
typically enduring for fewer than fifty years, often changing
shape, and only rarely becoming permanently inhabitable.
Motu are similar but endure longer, typically because they have
grown large enough to develop comparatively stable coastlines
along which natural forms of armouring have developed.
Principal among these is beachrock although other armours,
including phosphate rock and pakakota (conglomerate), are im-
portant in several tropical contexts (Fosberg 1957; Kumar et al.
2012; Montaggioni and Pirazzoli 1984; Shkol'nik et al. 2006).

This paper describes six groups of sand islands off the north
coast of Viti Levu Island in Fiji, Southwest Pacific (see Fig. 1).
Mapping and excavation of these in 2010 and 2016 allow

insights into the origins and development of these islands, in
both the past and the future. Such studies are important for un-
derstanding process environments on shallow (insular) shelves
and for making informed predictions about how local inhabitants
and their livelihoods might be affected in the foreseeable future.

Study area

Many Pacific islands are surrounded by shallow, reef-bounded
shelves that represent important environments for tropical ma-
rine diversity and are utilized by island peoples for both sub-
sistence and commercial purposes (Kronen et al. 2010;
Valmonte-Santos et al. 2016). For many reasons, Fiji is repre-
sentative of such situations, not least because both types of
human demands on nearshore marine environments are com-
mon (Selig et al. 2015; Veitayaki et al. 2003).

There are extensive coral-reef systems off the north coast of
the larger Fiji islands, something that early scientists studying the
region suspected to indicate a complex tectonic history (Davis
1920; Ladd and Hoffmeister 1927). It seems more likely that
broad insular shelves in these areas allowed the development

Fig. 1 Map of part of the insular shelf off the western part of northern Viti Levu Island, Fiji. The locations of all sand islands studied are shown, together
with the emerged-reef islets of Sucutolu
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of multiple reef alignments during oscillatory Holocene postgla-
cial sea-level rise that contrast with most other insular shelves
which are narrower and steeper (Nunn 1990; Nunn 1994).

Viti Levu is the largest island in the Fiji group, its north coast
formed by a line of Pliocene volcanic centres, one of which
forms the anomalously high Vatia Peninsula that protrudes
north from the coast in the study area (see Fig. 1). Off the
western part of the north coast of Viti Levu Island, the insular
shelf is 70–80 km broad, less than 50 m deep, and features a
number of reef lineations. From studies of Fiji biogeography, it
is clear that this insular shelf was emergent during the Last
Glaciation, connecting Viti Levu to other islands in the archi-
pelago (Gibbons 1981). For the past 6000 years or so, this shelf
has been subsiding at an average rate of 0.2 mm a−1 (Nunn and
Peltier 2001), perhaps because of sediment loading and/or for
structural reasons (Miyata 1984; Nunn 1998a).

Sand islands are found on many reefs in this area as well as
on a few in-situ remnants of emerged reef (Fig. 1). Some of
these sand islands are aligned with river mouths although the
locations of most are probably the result of complex interac-
tions through time between water movement (wave directions,
river flow) and sediment movement moderated by the config-
uration of reef structures. Some sand islands are ephemeral
and transient (cays), others have endured longer, are larger
and are vegetated (motu).

Unlike many sand/reef islands in the tropical Pacific, those
in the study area have neither had permanent populations nor
been used for tourism. Local people visit them occasionally to
fish and as a base from which to collect reef foods at low tide.
All this is important because it implies that human disturbance
of the islands is minimal and that the sub-surface stratigraphy
of the islands is intact.

Sand-island geomorphology

Six groups of sand islands were studied, all except one
(Volivoliyanitu) classified as motu owing to the presence of
vegetation and/or beachrock. Remains of linear beachrock
ridges can be seen around Volivoliyanitu suggesting it may
have once been a truemotuwhich is why it was included in the
sample. Enosi (or Nosi) is closest to the mainland and has
considerable rockfall debris from the adjoining part of the
Vatia Peninsula along its landward sides. Its northeast
(seaward) parts are marked by a series of beach ridges built
over beachrock in places. The other sand islands studied are
much farther (2–5 km) offshore. Except for Tavuca, all are
elongate and located on/along the southwest margin of a reef
platform, formed by the longshore movement of waterborne
sediment along the adjacent deep-water passage (Fig. 2a).
Field observations suggest that sediment accumulates in parts
of these sand islands during both rising and ebb tides.

The presence of storm ridges in the northwest parts of
islands was noted during the 2010 field season and is consistent
with the effects of storm surges, typically during tropical cy-
clones, moving across this reef flat from northwest to southeast.
During the 2016 field season, ten months after Severe Tropical
Cyclone (TC) Winston tore through the area, boulder ridges
had formed along the south/west sides of many reef platforms
(Fig. 2b); these are likely to have formed during cyclone-
associated storm surges that scoured material from the floors
of the deeper-water channels flowing through the area.

Tavuca Island is the largest of the islands studied, much of
its northern part being difficult to access because of dense
mangrove forest (Fig. 3). Its southern parts are highest and
most stable, given that the same stratigraphy can be recog-
nized in cores more than 100 m apart (see Fig. 6). The island
formed as a result of longshore drift along two counter-

Fig. 2 Various aspects of the sand islands studied. A. The western part of
Manava Island showing the beachrock ramparts (aligned NE-SW) ex-
posed by storm surge. Compare this photo to that of Manava in 2010
(pre-TCWinston) shown in Fig. 5a. B. The coral-rubble bank that formed
during TCWinston in February 2016 exposed ten months later along the
south side of the Tavuca Island platform (see Fig. 3a). The southern side
of Tavuca is visible on the left of the photo; note the dense mangrove
fringe that effectively protects the main island (map in Fig. 3b) from storm
surges
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trending inter-reef passages and is therefore an amalgam of
two more elongate features. The topography of its northern
parts is dynamic, changing noticeably between (year-apart)
field visits, mostly through either infilling or enlargement of
barachois (as used by Stoddart 1971).

In both 2010 and 2016 field seasons, fieldwork focused on
the main island, largely vegetated, in which nine pits were
excavated. This island reaches just over 2 m above mean sea
level (amsl) in places and comprises three distinct flat-topped
terraces separated by risers 5–15 cm high. The height and ex-
tent of the high and medium terraces are shown in Fig. 3b.
These terraces are thought to be erosional features yet persistent
and therefore possibly quite old, given that they were at the
same levels both before and after TCWinston (February 2016).

Maps of the other five sand islands, together with a sandy
enclave on the southwest side of high Vatia Sewa Island, are
shown in Fig. 4. The maps of Manava, Nukulevu,
Volivoliyanitu and Yavena, which are wholly unvegetated,
date from the 2010 survey because these islands were all rad-
ically altered and considerably reduced in size as a result of

TC Winston by the time of the 2016 fieldwork. The maps of
Enosi and Vatia Sewa are based on both periods of fieldwork.

According to local informants, the existence of Manava (and
Tavuca) dates back at least 200–300 years because this is recalled
in historical stories. In 2010, Manava was an elongate island
(with a fish warden’s house) on the eastern side of the reef
platform, surficially vegetated, that reached 1.2 m amsl
(Fig. 5a); in 2016, after TCWinston, it was devegetated, lowered
and dispersed (see Fig. 2a). Nukulevu and Yavena reached about
1.2 m amsl in 2010 and were almost wholly unvegetated, a
similar situation in 2016 (Fig. 5b). According to local people,
these islands were changeable in form yet persistent; the recov-
ery of potsherds likely to be several hundred years old from
Nukulevu (Fig. 5b, inset) corroborates this story. Volivoliyanitu
is a sand cay formed where water and sediment from the mouth
of the Ba River enter the ocean; it is the lowest and smallest and
reportedly most ephemeral of the sand islands surveyed.

Both Enosi and Vatia Sewa are islands where sand deposi-
tion is controlled largely by the presence of adjacent bedrock
outcrops. Enosi is more exposed and its higher parts that reach
1.2 amsl are vegetated; its sheltered location protects it from
storm surge impacts. The sand flats on Vatia Sewa are on its
most sheltered (southwest) side, facing the coast of the Vatia
Peninsula, and are also less exposed than most sand islands
studied.

Fieldwork consisted of excavation/coring and stratigraphic
sequencing, reported in Section 4, as well as the extraction of
bulk-sediment samples for compositional analysis, discussed
in Section 5, from which samples were obtained for radiocar-
bon age determination, the results of which are reported and
discussed in Section 6.

Excavation, coring and sand-island
stratigraphy

In order to understand the stratigraphy of their superficial sed-
iment cover, a total of 24 pits (mostly 1 × 1 m) were excavated
on the sand islands. Owing to the unconsolidated nature of the
sediments encountered in these pits, especially above the per-
manent water table, it was occasionally difficult to prevent
wall collapses. When these became frequent, excavation was
focused on a smaller stable area and in a few cases was re-
placed by coring utilizing a Livingstone corer with a concrete
vibrator adaptation. Piping was placed throughout the core
hole after each core was extracted to avoid core-wall collapse
and contamination of subsequent samples. Recovery of sam-
ples was difficult where these comprised unconsolidated ma-
terial although slow steady extraction through the pipe
avoided excessive spillage. Pits/cores were sunk to basement,
which in most cases appeared to be a platform of bevelled
coral reef, in a few cases beachrock or a similarly indurated
sediment.

Fig. 3 The sand island of Tavuca. A. The entire island, comprising a
lower northern part covered with mangrove forest and submerged at
high tide, and a series of motu reaching just over 2 m amsl along its
southern fringe. The rubble bank that formed along the southern edge
of the Tavuca island platform during TC Winston in February 2016 (see
Fig. 2b) is shown. B. The main island/motu of Tavuca showing the two
higher terraces and the locations of the nine pits (T1-T9) excavated over
two field seasons in 2010 and 2016 between which the form of this island
did not change discernibly despite the passage of TC Winston
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Locations of the excavated pits are shown in Figs. 3 and 4. A
quantitative summary of their heights and thicknesses is shown
in Table 1, together with compositional analysis discussed in
Section 5 below. The discussion in the present section separates
Tavuca, where nine pits were dug on the main island, from the
other sand islands where fewer pits were excavated.

Tavuca pits

The stratigraphy of the nine pits excavated on the main island
of Tavuca is shown in Fig. 6. The main sediments found were

calcareous sands, divisible by coarseness and the proportion
of shell fragments they contain. Hearths marking places where
people had once made fires, probably for cooking fish, were
found in two pits. The red-brown indurated sand horizons
found in four pits, mostly in the central, higher parts of this
motu, above mean sea level are interpreted to be crusts formed
during prolonged droughts on former land surfaces.

In three pits, peat and/or anoxic clay was encountered well
down in the excavation. These layers contain identifiable re-
mains of mangrove leaves and occasional pneumatophore
pieces, for which reason the layers are considered likely to

Fig. 4 Maps of five sand islands (for Tavuca, see Fig. 3) as they appeared in May 2010 and the sand enclave on Vatia Sewa mapped in December 2016.
Shorelines represent mean sea level. Note the scale changes between maps
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mark subtidal deposition at times when this part of the island
was covered with mangrove forest growing in typical swampy
conditions. The presence of two such layers in pits T4 and T6
in the centre of the main island suggests alternations in man-
grove cover that could be a result of drought, sea-level chang-
es – such as occur during El Niño events (Chang et al. 2013) –
or shorter-onset events like tropical cyclones or tsunamis. In
these two pits, mangrove peats directly overlie basement sug-
gesting that, if no unconformity is present, this represents the
initial stage of island formation.

The stratigraphy across the nine pits on Tavuca is quite
consistent, suggesting that it represents a largely coherent

sediment body which originated about the same time and de-
veloped as a whole. Bulk sediment and bivalve samples were
taken from unconsolidated strata just above basement for sed-
iment analysis and radiocarbon dating. Sample locations are
shown in Fig. 6 and discussed further below.

Other sand-island pits

Compared to Tavuca (see previous section), there is under-
standably more variation in the heights and thicknesses of
the sediment covers of the other six islands studied (Fig. 7).
The dominance of calcareous sand remains yet indurated/
anoxic layers are fewer. The interpretation of the former as
localized records of droughts appears equally valid here as
on Tavuca, but the presence of anoxic layers on Manava and
Nukulevu – where there are no mangroves today – is more
challenging to explain. Local people familiar with these two
islands had no recollection of mangroves having ever
grown there, so it seems likely that here the anoxic
layers are records of seagrass coverage. The presence
of seagrass beds in adjacent nearshore areas supports
this interpretation, which would see seagrasses playing
the same key role in island formation as is inferred for
mangrove forest on Tavuca.

The locations of shell samples taken for age determination
are shown in Fig. 7; bulk-sediment samples were taken from
as close as possible to the basement in pits for analysis.

Sediment analysis and results

Bulk sediment samples obtained from just above basement in
ten pits were sieved to isolate particles more than 0.5 mm in
diameter (coarse sand and larger) for compositional analysis.
In all cases, the amount of material lost (by weight) was less
than 15% of the total sample. For each sample, particles
>0.5 mm in diameter were sub-sampled so that 85–115 parti-
cles were isolated for compositional analysis. Where neces-
sary, particle origins were determined with the aid of a binoc-
ular microscope. Particles were classified as either corals, fo-
raminifera, Halimeda (calcifying green algae), molluscs, or
unknown. The latter category comprises both biogenic parti-
cles of uncertain origin and a minority (15–35%) of non-
biogenic particles, likely to have been derived from bedrock.

Most corals identified in these sediments appear to be from
branching varieties, which are common on adjacent reef
slopes, particularly Acropora; other coral genera represented
>20% in some samples wereFaviidae and Porites. Most iden-
tifiable foraminifera remains are test fragments from larger
benthic varieties such as Marginopora vertebralis. Halimeda
particles occur mostly as platelets. Mollusc particles tended to
be larger than the other particles in the samples, often with
whole valves (or part valves) of bivalves and denser parts of

Fig. 5 More aspects of the sand islands studied. A. Manava Island in
2010 was elongate with tapering ends (see map in Fig. 4) and had formed
along the eastern side of the reef platform unlike the situation in
December 2016 (see Fig. 2a) when this island had been devegetated,
reduced in size/level, and the house disappeared. B. Nukulevu Island in
2016 was in largely the same position and had a similar configuration to
the way it appeared in 2010 (see map in Fig. 4). The northern and south-
ern islands are shown in this photo, together with the rubble bank that
formed along its western fringe during TC Winston. Potsherds found
during excavation are shown in the inset, their decoration placing them
within the Vuda/Ra Phases of Fiji ceramics and dating them to perhaps
250–700 years old. It is likely that they were brought to Nukulevu as
water/food containers to sustain persons using the island as a base for
fishing rather than indicating a more permanent settlement
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gastropods, including some opercula. The most common
(>20% in some samples) mollusc genera are Anadara,
Atactodea, Gafrarium and Nerita. Owing to its single-
feeding mode, which makes it preferable to most other

shallow-water marine molluscs for radiocarbon dating (see
Section 6), special attention was paid to identifying Anadara
spp. in these samples; where species could be identified,
Anadara antiquata was by far the most common.

Fig. 6 Stratigraphy of the nine pits on Tavuca. Broken lines indicate the elevation to which the island rose within 1 m of the coring site. Crosses indicate
samples taken for radiocarbon dating (see Table 2 for details)

Table 1 Details of samples from sand islands and composition of basal samples

Island Pit Surface above
mean sea
level (cm)

Height of cay
basement below
mean sea level
(cm)

Sediment thickness
(cm)

Sediment composition (% by weight)

Corals Foraminifera Halimeda Mollusca
(% Anadara)

Unidentified

Enosi E1 128 59 187 38 0 0 27(1) 35
E2 114 34 147

Manava M1 155 70 225 15 2 18 12(11) 53
M2 42 43 86
M3 100 90 190

Nukulevu N1 136 62 197 33 1 5 16(12) 44
N2 128 53 181 37 2 4 19(9) 38
N3 85 55 139
N4 94 59 153

Tavuca T1 144 54 198 17 3 9 13(36) 58
T2 207 58 265 25 1 6 23(5) 45
T3 139 70 209
T4 146 59 205
T5 146 57 203
T6 152 57 209
T7 119 74 193
T8 162 56 218
T9 142 50 192

Vatia Sewa VS1 109 40 149
Volivoliyanitu V1 15 60 75 33 1 1 11(1) 55
Yavena Y1 128 36 164 19 3 2 14(1) 63

Y2 123 50 172 23 3 11 17(3) 46
Y3 105 41 147
Y4 117 31 148
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Results of compositional analysis are given in Table 1 and
shown graphically in Fig. 8. Excluding from discussion the
unidentified particles, proportions of which could be
interpreted in a variety of ways, Fig. 8 shows that sand islands
closer to shore (like Enosi and Tavuca) have higher propor-
tions of molluscs than those farther away, something that is
attributable to their proximity to the habitats of the genera in
question, many of which occupy intertidal sand-floored areas
and mangroves, such as are found (only) along the coasts of

the mainland. There is a less obvious relationship between the
amount of coral fragments in sand-island sediments and dis-
tance from the mainland coast although all samples from
Tavuca Island have a lower proportion of coral compared to
most others, presumably because of its greater distance from
reefs. Proportions of Halimeda probably also reflect the prox-
imity of source areas. The contribution of foraminifera to these
sediments was surprisingly low given their importance to
shorelines in the region (Collen and Garton 2004; Fujita
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Fig. 7 Stratigraphy of the 15 pits on other sand islands (not Tavuca). Broken lines indicate the elevation to which the island rose within 1 m of the coring
site. Crosses indicate samples taken for radiocarbon dating (see Table 2 for details)

Fig. 8 Results of compositional analysis of sand-island sediments (more details in Table 1)
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et al. 2014), but this is likely attributable to both habitat and
preservation.

Chronology

Anadara spp. was isolated in most bulk-sediment samples and
16 specimens sent for radiocarbon age determination.
Individual shell dating is preferred in such environments to
bulk-sand dating which has been shown to be problematic
(Woodroffe et al. 2007).

Table 2 shows the results of radiocarbon dating of samples
from basal sediments. Four samples were determined to be
modern, something that signals that they were probably obtain-
ed from reworked material or had been deposited only recently.

The modern age for the basal sediments on Volivoliyanitu is
least surprising as this island is the only true sand cay sampled,
rising no more than 15 cm amsl. Three others from Nukulevu,
Tavuca and Yavena are all <200 years in age. Given the size of
the islands in question and the fact that much older dates were
also obtained from the former two, it seems unlikely that these
dates indicate the actual time when these islands began
forming. Instead it is plausible to assume that these dates are
from reworked or redeposited sediments in particular locations.

There are three comparatively old dates. That fromManava
(Pit M3) at 115 cm depth has a calendar age of AD 1683–
1950. Given that the sample comes from considerable depth
and there are anecdotal reports about the longevity of this
island (see above), it is likely that the actual age of this shell
is at the earlier end of this range. This inference is supported

Table 2 Radiocarbon dates for basal sediments from sand islands. All
dates from the University of Waikato Radiocarbon Dating Laboratory
corrected using local marine correction factor (ΔR) of 11 ± 26 14C

years (Petchey et al. 2008) and calibrated using the Marine13 marine
curve (Reimer et al. 2013) in OxCal v4.3.2 (Bronk-Ramsey 2017)

Island Sample Laboratory
number

Sample material Depth
(cm)

d13C Conventional
radiocarbon
age (BP)

Calibrated
radiocarbon
age (cal BP)

Calendar 660

Enosi E1 Wk-28595 Anadara spp. shell
fragments

59 2.3 ± 0.2 436 ± 34 150–0 AD
1800–1950

Manava M2 Wk-47,558 Fragum fragum 90 3.7 ± 0.2 509 ± 41 240–0 AD
1710–1950

Manava M2 Wk-47559 Anadara antiquata 110 1.6 ± 0.5 430 ± 35 150–0 AD
1760–1950

Manava M2 Wk-47560 Fragum fragum 115 3.7 ± 0.5 541 ± 42 267–0 AD
1683–1950

Nukulevu N1 Wk-28598 Anadara spp.
shell fragments

137 2.4 ± 0.2 290 ± 43 100–0 AD
1850–1950

Nukulevu N2 Wk-28596 Anadara spp.
shell fragments

126 1.3 ± 0.2 789 ± 34 500–310 AD
1450–1640

Tavuca T1 Wk-47564 Anadara antiquata 140 2.4 ± 0.5 443 ± 21 140–0 AD
1810–1950

Tavuca T1 Wk-28594 Anadara spp.
shell fragments

163 2.1 ± 0.2 104.8 ± 0.43 modern modern

Tavuca T3 Wk-25994 Atactodea striata 150 2.2 ± 0.2 415 ± 34 140–0 AD
1810–1950

Tavuca T4 Wk-47,562 Pitar prora 160 * 434 ± 20 123–0 AD
1827–1950

Tavuca T5 Wk-47563 Anadara antiquata 130 −1.7 ± 0.6 116.5 + 0.3 modern modern

Tavuca T5 Wk-25993 Turbo cinereus 170 3.7 ± 0.2 1016 ± 0.34 660–510 AD
1290–1440

Tavuca T6 Wk-47561 Fragum fragum 145 1.4 ± 0.6 442 ± 18 130–0 AD
1820–1950

Volivoliyanitu V1 Wk-28593 Anadara spp.
shell fragments

60 1.6 ± 0.2 105.8 ± 0.5 modern modern

Yavena Y2 Wk-28597 Anadara spp.
shell fragments

113 * 107.1 ± 0.5 modern modern

Yavena Y2 Wk-47565 Periglypta sp. 145 * 311 ± 19 70–0 AD
1880–1950

* - owing to small size, the carbon-13 isotope value of this sample was measured on graphite; the AMS-measured d13C value of the original material
cannot therefore be measured accurately and is therefore not shown

Origin, development and prospects of sand islands off the north coast of Viti Levu Island, Fiji, Southwest...



P. D. Nunn et al.



by two unarguably early ages for shells from two of the other
larger, apparently more established sand islands. On
Nukulevu, a sample from a depth of 126 cm is dated to AD
1450–1640 while on Tavuca, a sample from 170 cm is dated
to AD 1290–1440. It is likely that both these come from ma-
terial formed above the respective island basement around the
time the islands began developing here. If this inference is
correct, then it allows insights into the processes that led to
island formation.

There is evidence, albeit largely indirect, of a sea-level fall
in the tropical Pacific across the boundary between the
Medieval Warm Period and the Little Climatic Optimum, per-
haps AD 1250–1350 (Nunn 2007). Much of this evidence
comes from an abrupt – and not readily-explainable in other
ways – change in settlement pattern on many high tropical
Pacific islands, involving the abandonment of (exposed)
coastal settlements and the establishment of (fortifiable) in-
land upland settlements, presumably as a result of warfare.
Some of the latter (hillforts) are found just inland of the coast
in the study area (Robb and Nunn 2012; Robb and Nunn

2014): the most comprehensive study of their chronology sug-
gests that there was a burst of hillfort establishment here AD
1200–1400 (Nunn 2012). It therefore seems possible that sea-
level fall, by creating a prolonged food crisis for coastal
dwellers, led to the conflict. If this is correct, then the same
sea-level fall caused shallow platforms to emerge offshore,
providing the foundations for nascent sand-island develop-
ment (see Fig. 9).

Sand-island development: An evidence-
and inference-based model

Mapping of sand islands, recording and interpretation of their
stratigraphy, and outlining of the chronology of their forma-
tion and development allow a cogent model of these to be
developed. This is summarized in Fig. 9, schematized for the
purposes of illustration and not intended to apply specifically
to any single island in the sample. Details of the different
stages and their likely timing is given in the caption.

Figure 9 identifies six stages from the time before sand
islands developed (Fig. 9a) to the modern situation (Fig. 9f –
post December 2016), spanning a period of perhaps 800 years.
In summary, island platforms may have emerged as a result of
sea-level fall AD 1250–1350, then became foci for surficial
sediment accumulation that allowed mangroves and/or
seagrasses to colonize these areas. Continued sediment accu-
mulation led to the formation of sand islands that forced
mangroves/seagrass beds to platform margins and allowed
beachrock to form along sand shores. Particularly in recent
decades, (accelerating) sea-level rise has led to erosion/
recession of these shores and the associated shrinking of
island-sediment volumes. TCWinston deposited rubble banks
along the edges of many island platforms. Should sea
level continue rising, as is likely (Church et al. 2013;
Mengel et al. 2016), these islands are expected to shrink
further and some may eventually disappear within a few
decades, something that has already happened in com-
parable Pacific Island situations, albeit those where sea level
has been rising about twice as fast, in Micronesia and
Solomon Islands (Albert et al. 2016; Nunn et al. 2017).
Similar research in other island contexts generally supports
this evolutionary model. In the Mamanuca (island) group in
Fiji, for example, sand islands have been accumulating for
some 600 years at least (McKoy et al. 2010).

The most plausible explanation for the accumulation of
sand-island sediments in the study area beginning around
AD 1290 is the emergence of the reef platforms from which
they all rise. This suggestion is strengthened by the fact that
similar conclusions have been reached from studies in nearby
locations. For example, emerged reef occurs just outside the
study area in the Sucutolu islets, the location of which is
shown in Fig. 1, for which the age of emergence was dated

�Fig. 9 Schematic model of sand-island formation off northern Viti Levu
Island, Fiji. Vertical scale is variable. A. During the later part of the
Medieval Warm Period (around AD 1200), the sea level in this part of
the Pacific was high relative to several centuries both before and after-
wards (Kemp et al. 2011). It is assumed that the shallow insular shelf off
northern Viti Levu was irregular and that shallower parts were covered
with a veneer of living (coral-algal) reef that overlay a fossilized reef
pavement, composed of pre-Holocene reef, that had been bevelled during
mid-Holocene high sea-level stands (as elsewhere - Yamano et al. 2014).
Deeper parts of the insular shelf below the photic zone were larger cov-
ered with reef rubble. B. Sea level falls during the transition between the
Medieval Warm Period and the Little Age, AD 1250–1350 (Nunn 2007).
The shallower reef surfaces are exposed and the once-living reef dies.
Emerged above mean sea level, it becomes a potential focus for sediment
accumulation. C. Sea level remains low, the shallow fossil/dead reefs
become coated with enough surficial material to allow mangroves to take
root, a process which then results in the accumulation of more such
material. Mangrove peats replace the surface of dead reef, perhaps around
AD 1400–1500. D. As more sediment accumulates, especially in the
central parts of the mangrove forest, so it builds above the mangroves,
forcing them to the fringes of the platform, perhaps AD 1500–1600. Sand
islands overlie old mangrove (or seagrass) peats. E. Still more sediment
accumulates, making sand islands grow larger (higher and broader), and
crowding out the mangroves, perhaps even to a point at which they
disappear from some island platforms. Beachrock and similar types of
conglomerate form along the sides of the sand islands, armouring them. It
would have been at this time, perhaps AD 1700–1800 near the end of the
Little Ice Age when sea level remained low, that these islands would have
been at their greatest size – and potentially played a role in the unfolding
human history of the area. F. Sea level has been rising since around AD
1800 in the tropical Pacific (Church et al. 2013) and has accelerated in the
last few decades (Dangendorf et al. 2017); sea level is currently rising
along Fiji’s coasts at 5.5 mm/a−1 (BOM 2014). Sea-level rise has caused
shoreline erosion and, more recently, has started to mobilize sediments in
these sand islands, causing them to change shape and shrink. Increased
tropical-cyclone intensity, represented by TC Winston (February 2016),
has caused major alterations to the form of these sand islands and was
responsible for producing rubble banks of bottom-scoured reef debris
along platform edges
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to AD 1100–1400 (calibrated from Wk-1939, originally re-
ported by Nunn 1998b). Farther northwest on Nacula Island
in the Yasawa group (Fiji), there is evidence for a significant
change in coastal marine resource use/availability around AD
1300 that is attributable to shoreline emergence (Morrison and
Cochrane 2008). Finally, studies of sand dunes at the mouth of
the Sigatoka River, on the south coast of Viti Levu Island,
suggest that a major period of dune accumulation after about
AD 1300 could have been linked to delta-fringe emergence
(Kumar et al. 2006). The argument for a Pacific-wide sea-level
fall around AD 1300 was summarized by Nunn (2007).

The magnitude of the emergence to have initiated sand-
island formation in the study area can be estimated by assuming
that the average level of the modern reef platform underlying
these islands is 0.55m belowmean sea level (from Table 1) and
that this platform possibly emerged around AD 1300. In the
following 720 years (AD 2020–1300), the platform subsided a
total of 0.144 m owing to subsidence at a rate of 0.2 mm a−1

(Nunn and Peltier 2001). Thus in AD 1300, the average plat-
form level (after emergence) lay 0.406 m below the 2020 mean
sea level. Assuming that this platform prior to emergence was a
reef pavement surface at mean low-tide level, which is today
0.95 m below mean sea level, then the emergence magnitude
that took place around AD 1300 is calculated as 0.544 m.

Given the tectonic complexity of the Fiji group
(Hamburger et al. 1988), there are no grounds for supposing
that there was a uniform uplift of the region 600–700 years
ago, so the most parsimonious interpretation is that this emer-
gence was a result of sea-level fall. There is abundant evidence
for a sea-level fall of an estimated 70–80 cm in Fiji and else-
where in the tropical Pacific during the “AD 1300 Event” (AD
1250–1350). The possibility that the dates for basal sediments
from sand islands in the study area show that sea-level fall
around this time resulted in the emergence of reef platforms
on which sediments began accumulating is consistent with
this evidence. There are clear links between sea-level fall dur-
ing the AD 1300 Event and regional cooling, marking the
comparatively rapid transition between the Medieval Warm
Period and the Little Ice Age in the Pacific (Nunn 2007).

Conclusions

Sand islands off the north coast of Viti Levu Island in Fiji are
becoming reduced in size by the effects of recent climate
change, principally sea-level rise and an increased intensity
of tropical cyclones. As climate continues changing in the
future, it is likely that most of these islands will be erased from
the geography of this part of the Pacific in much the same way
and for the same reasons as sand islands in Micronesia and
Solomon Islands have disappeared recently (Albert et al.
2016; Nunn et al. 2017). This study underlines the fragility
of many sand islands, especially those in similar tropical reefal

contexts, although it is clear that larger sand islands within
reef-bounded (atoll) situations that are essentially closed sys-
tems may be more resilient (Duvat 2018; Duvat et al. 2017;
Kench et al. 2018; Webb and Kench 2010).

Studies such as this are important to undertake if only to
build the evidence base for the effects of climate change – past
and future – which is quite small in the Pacific Islands region
compared to many other parts of the world’s coast. The Pacific
region is commonly hailed as being on the frontline of climate
change but there are few empirical studies in support of this
view, which exposes it to denial and to exaggeration.
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