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ABSTRACT

Lowcoral islandsocieties in thePacifichavealways lived inaprecarious
environment. Consequently, some writers have stated that people living
on atolls and table reefs must have devised effective conservation strate-
gies. Predictions from three optimal foraging models in ethnographic
contexts (patch choice, patch sampling, and risk) applied to shellfish
gathering in Kiribati, Micronesia, do not support the assumption that
human foragers are motivated by a desire to conserve resources. While
historical ecology data are sparse, there is little to indicate that coral is-
landers in the past needed to practice conservation of marine resources,
including shellfish.

Keywords conservation, historical ecology, Kiribati, optimal foraging, shellfish

INTRODUCTION

Until recently, it was generally assumed that
anthropogenic impacts on island ecosys-
tems were the result of Western influence
via the introduction of alien crops, orna-
mentals, and animals, causing considerable
damage to the local environment. The last
40 years of research has, however, revealed
that indigenousgroupshavealsocontributed
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in altering their environment to a signifi-
cant degree prior to the arrival of outsiders.
These impacts can sometimes be traced to
the early phases of human settlement, at
times leading to resource depression, extir-
pation, and extinction. Most of the evidence
comes from terrestrial ecosystems (Stead-
man 1997). By contrast, the influence of
indigenous societies on marine ecosystems
is less well documented (Anderson 2008;
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Erlandson and Rick 2010; Morrison and Hunt
2007; Rick and Erlandson 2008), and re-
mains a fruitful topic for research in light
of suggestions that coastal dispersal could
have been driven in part by the impact of
early humans on near-shore and intertidal re-
sources of high value that could be efficiently
harvested, such as flightless birds, colony-
breeding seabirds, turtles, large reef fish, and
invertebrates (Mannino and Thomas 2002;
Szabó and Amesbury 2011).

In addition to assessing the degree of en-
vironmental change across time and space,
environmental scientists are often chal-
lenged in their attempts to disentangle the ef-
fectsofnaturalprocesses fromthose induced
by people (e.g., Amesbury 2007; Aswani and
Allen 2009; Campbell 2008; Morrison and
Addison 2008; Seeto et al. 2012). Coastal
zones and small islands present certain
difficulties in view of their susceptibility to
natural changes linked to sea-level rise, tec-
tonic events, coastal erosion or sedimenta-
tion, and storms (Fitzpatrick 2007, 2012).

There is a specific category of island, the
atoll, which best exemplifies the close links
between marine and terrestrial ecosystems
(see Figure 1). As islands formed by biogenic
agents (unconsolidatedcarbonate sediments
deposited by waves on reef platforms), atolls
and table reefs or low coral islands without
lagoons, can be regarded as especially con-
straining habitats for human societies. The
challenges faced by people, both past and
present, include low soil fertility, absence of
perennial surface fresh water, and extreme
vulnerability to flooding by storm surge be-
cause of low elevation of the highly frag-
mented landmass, only a few meters above
mean sea level. There are some 300 atolls
and low coral islands in the Pacific Islands
region and many more individual islets. Sev-
eral archipelagoes are dominated by these
limestone islands, such as the Tuamotu, the
Marshall Islands, Tuvalu, and Kiribati.

The islands of modern Kiribati clus-
ter into three island groups: the Gilbert,
Phoenix, and Line Islands, consisting of 33
atolls and table reefs spread over an area ex-
ceeding 3 million km2 of ocean straddling the
equator. The total land area, however, only
slightly exceeds 800 km2 (see Figure 2). Most
of the Gilberts, and several of the Phoenix

Figure 1. General view of an atoll (all photos
by the author).

and Line Islands, are located in the dry
belt of the equatorial oceanic climatic zone.
Prolonged drought conditions are common,
notably in the Central and Southern Gilberts
and many of the Phoenix Islands. The highly
alkaline and coarse-textured coral-derived
soils are among the poorest in the world,
with very little water-holding capacity and
little organic matter. Owing to their small
size, low elevation, and the porosity of the
coral bedrock, there are no surface streams,
similar to other atolls. Rainfall soaks through
the porous surface soil creating a lens of of-
ten slightly brackish water floating on top of
the higher density saltwater, often referred
to as the Ghyben-Herzberg lens.

Archaeological evidence indicates hu-
man activity in the Gilberts about 2,000 years
ago when dropping sea level allowed the
atolls and table reefs to become emergent
and habitable (Dickinson 2003; Di Piazza
1999), while the Phoenix and Line Islands
appear to have been settled much later, by
about AD 1200 (Anderson et al. 2000; Di
Piazza and Pearthree 2004). By the time Eu-
ropeans rediscovered the latter two island
groups, no indigenous communities were
encountered, having died out or migrated.
The range of food crops that could sus-
tain people on low coral islands was limited
compared to what could be grown on the
more fertile volcanic islands. Nevertheless,
coral island societies devised various strate-
gies that took full advantage of edible wild
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Shellfish Gathering and Conservation in Kiribati

Figure 2. Map of Kiribati (source: Wikipedia).

resources, including abundant marine life,
in addition to foods that were successfully
introduced.

Using optimal foraging theory (Stephens
et al. 2007) and the testing of predictions
from three models (patch choice, patch sam-
pling, and risk) applied to shellfish gather-
ing, I argue that human foragers are not mo-
tivated by a desire to conserve resources.
Likewise, historical ecology data do not sup-
port the idea that conservation needed to be
practiced.

As Johannes (1993) cautioned, labeling
indigenous groups as “ecologically noble” or
“ignoble” obscures potential variation that
comes from the study of individual behavior
and contributes to the maintenance of
stereotypes. We should avoid “essentialist”
thinking because of the serious implications
for the development of policy toward

indigenous groups and their relationship to
the environment (Sponsel 1992). Foraging
models, however, provide a way to rigor-
ously evaluate individual actions and thus
contribute to a better understanding of the
context of subsistence activities. Moreover,
they provide useful background on the
rights and needs of indigenous communities
as they strive to maintain a degree of stew-
ardship over their traditional domains, while
becoming active participants in decisions
involving the management of resources
(Alcorn 1993; Winter 1997).

BACKGROUND

One of the shortcomings of research,
which portrays indigenous societies as
conservationists, stems from an imprecise
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definition of conservation that emphasizes
effects rather than behavior (McDonald
1977; Taylor 1988; Wodzicki 1981). In the
absence of an operational definition for con-
servation, it is often difficult to make sense of
certainpractices.Forexample, atoll societies
are depicted as possessing intimate knowl-
edge of their surroundings and were conse-
quently able to live in harmony with their
environment (Liew 1990). This knowledge
of the environment, also referred to as “tradi-
tional ecological knowledge” may have more
to do with a utilitarian view of resources than
a concern for conserving them.

Optimal foraging theory (OFT) is one of
themostactiveareasofresearchinthefieldof
human behavioral ecology. Its focus on sub-
sistencestrategieshasmade itparticularlyap-
pealing to ethnographic and archaeological
studies. In linewithevolutionarytheory,biol-
ogists have proposed that animals will forage
in a manner that maximizes fitness at the indi-
vidual level (Stephenset al. 2007). Ina similar
way, a number of anthropologists have sug-
gested that people will readily adopt those
behaviors that contribute to their survival
and reproductive success. Despite criticism,
it may be said that foraging models could
be more relevant to human foragers than to
other species because of the ability among
humans to process vast amounts of informa-
tion about their environment to guide them
toward the optimal choice, thereby maxi-
mizing fitness (Smith 1983 and references
therein). It should be emphasized that or-
ganisms are unlikely to achieve an optimum
level of resource acquisition. Predictions
from foraging models attempt to specify the
optimum state under given environmental
conditions, which are then tested against the
behavior exhibited by particular organisms
to determine the fit between observation
and prediction (Kormondy and Brown
1998:).

Models derived from OFT lead to some
predictions about how organisms, includ-
ing humans, should act under specific cir-
cumstances. It is predicted that they choose
food or prey types that maximize their short-
term harvesting rate. An increased availabil-
ity of food is assumed to increase fertility and
survivorship, and minimizing the amount

of time spent foraging enables the forager
to pursue other fitness-enhancing activities.
Thus, natural selection would favor organ-
isms that forage more efficiently. The opti-
mal diet is usually determined by consider-
ing the amount of energy acquired to energy
expended, as well as the time required to
search and handle each prey type (handling
includes time spent pursuing, capturing, har-
vesting, and processing a prey type into an
edible form).

When decisions are costly in terms of
short-term harvest rate maximization, but in-
crease the sustainability of the harvest, there
is the possibility that conservation replaces
optimal foraging as the strategic goal (Alvard
1993). While “genuine” conservation is op-
posedtoshort-termefficiency, itmaybecom-
patible with long-term foraging strategies
(De Boer and Prins 1989). Conservation for
the sake of use (“resourcism” as defined by
Oelschlaeger [1991:286]) should not be con-
fused with other wilderness philosophies
grounded in non-use or moral principles
(Ratcliffe 1976; Redford 1996; Sponsel
2012).

CONTEMPORARY SHELLFISH
GATHERING IN KIRIBATI

The I-Kiribati (people of Kiribati who were
the original inhabitants of Gilbert Islands
in eastern Micronesia) were horticultural-
ists/fishers like most other societies in Re-
mote Oceania. Extensive marine resource
exploitation, including shellfish gathering,
was remarked upon in early ethnographic
descriptions (Wilkes 1845). Today’s visitor
is equally struck by the high densities of
discarded shells distributed across the land-
scape (see Figure 3). A significant rise in
shellfish consumption was noted on the
main atoll, Tarawa, in recent decades, a phe-
nomenon linked to changes in water cir-
culation when causeways were built in the
1960s, encouraging the establishment of cer-
tain species and increased fertilization by
sewage-driven nutrients (Paulay 2001). At
certain times, combined shellfish catches
could exceed 40% (by weight) of marine
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Shellfish Gathering and Conservation in Kiribati

Figure 3. Anadara uropigimelana midden.

resource landings, with up to 11% of house-
holds dependent on shellfish as the main
source of protein. The total harvest for the
bivalve Anadara uropigimelana has been
estimatedatclose to1500 tperannum.At the
same time, local shellfish gatherers noticed
declines in size and abundance of this par-
ticular species, compelling them to forage
in deeper lagoon waters. Prior to European
contact, giant clams provided the raw mate-
rial for adz blades (Koch 1986). These were
quickly replaced by metal. Empty valves of
the giant clam Tridacna gigas are still widely
utilized as feeding and drinking troughs for
pigs. Other species continue to serve a vari-
ety of functions, notably for the manufacture
of ornaments.

OPTIMAL FORAGING

Movingbeyondtheconfinesof theheavilyur-
banized/commercialized and crowded atoll
setting of South Tarawa, I argue that “tra-
ditional” patterns of shellfish gathering on
some of the outer islands of Kiribati con-
form to the predictions of OFT. The research
draws on several years of ethnographic and
ethnoarchaeological observations, supple-
mented by more recent archaeological and
ecological work (Thomas 2009), relevant
to the wider question of conservation be-
havior anecdotally associated with small is-
land societies faced with limited resources.

Figure 4. Tridacna maxima harvesting.

A description of materials and methods can
be found in Thomas (2007a, 2007b).

Patch Choice

The I-Kiribati recognize three main patches
in the intertidal to shallow subtidal regions of
the lagoon: (1) near-shore; (2) sand flat; and
(3) seagrass. The near-shore patch includes
all features intersecting the shoreline, occa-
sionally extending to within 100 m of shore
where conglomerate tongues and/or grav-
elly sand spits occur. The sand flat is a wide,
gently sloping expanse occupying most of
the intertidal, but also comprises areas of
mangrove. Seagrass beds are highly produc-
tive grounds for a variety of shellfish and are
also important in fishing because of the high
concentration of nutrients. A fourth patch,
“offshore”, is also recognized in the deep sec-
tion of the lagoon of South Tarawa where in-
tensive harvesting of A. uropigimelana was
carried out in the 1990s. On other atolls, in-
tensive harvesting of a small species of giant
clam, Tridacna maxima, took place along
the leeward reef platform (see Figure 4).

The ocean side of all atolls is less fre-
quently exploited than the lagoon, but in-
cludes three patch types: (1) near-shore; (2)
reef flat; and (3) reef crest. The near-shore
is similar to the lagoon side. The wide reef
flat consists of a hard coralline surface in-
terspersed by sandy pockets and some man-
groves. The reef crest is seldom exploited
compared to the other patches because of
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Table 1. Shellfish return rates by patch
type (6 years aggregate).

Patch Overall returns

type (kcal/min)

Seagrass 5.3 (SD = 3.5)

Sandflat 3.6 (SD = 3)

Near-shore (lagoon and

ocean)

0.6 (SD = 0.5)

Offshore (South Tarawa) 15.4 (SD = 9.6)

Leeward reef (diving) 16.3 (SD = 11.5)

Leeward reef (walking) 7.7 (SD = 3.5)

Reef flat 1.2 (SD = 1.2)

Reef crest 0.2 (SD = 0.1)

the limited time foragers can collect off-
shore during low spring tides, and low over-
all returns. Table 1 shows return rates in the
various patches.

Shellfish gathering is focused separately
in the patches, each defined as “fine-grained
environments” (MacArthur and Pianka
1966:603), although on occasion foragers
will visit and gather from more than one
patch. The locations of patches are generally
well known. Foragers venturing beyond
traditional village boundaries can rapidly col-
lect information fromkingroupsaboutpatch
location and quality. Seagrass beds are the fo-
cus of the most intensive harvesting insofar
as tide conditions permit (Paulay 2001). It is
not clear, however, to what extent foragers
are willing to travel to reach these produc-
tive beds. Observations of foraging behavior,
interviews, together with examination of
contemporary shell midden, suggest that
overland travel usually takes place in the
direction of patches roughly facing set-
tlements, although once inside the patch,
considerable movement may occur parallel
to the shore.

Predictably,near-shorepatches(onboth
lagoon and ocean sides) are significantly less
productive than either seagrass or sand flats
(seagrass vs. near-shore, two-tailed t-test, t =
4.42, df = 19, p <.001; sand flat vs. near-
shore, t = 3.44, DF = 37, p = .001). With the
exception of one foraging bout, near-shore

foraging took place only when the more pro-
ductive patches were not easily accessible.
The low overall returns from ocean reef flats
in comparison to seagrass and sand flats are
significant (t = 3.14, df = 16, p = .006; t =
2.27, df = 34, p = .030). Yet, reef flat for-
aging may demonstrate patch sampling and
thus violate the assumption of constancy in
patch quality.

The wide distribution of many shellfish
prey types across extensive patches would
probably not result in step function deple-
tion (Kaplan and Hill 1992), where the en-
ergygainperunit timeremainsconstantuntil
the last prey item is harvested, although for
certain prey types that can be easily seen and
distributed within relatively small patches,
foragersmay remain inagivenpatchuntil the
energy gain drops to zero. For example, sev-
eral giant clams of the species, T. maxima,
occurring on microatolls may provide a con-
text for this foraging strategy. In most cases,
however, foragers appear to leave patches
when faced with diminishing returns.

The marginal value theorem addresses
the issue of optimal time allocation to each
patch (Charnov 1976). It assumes that for-
aging gradually depletes resources, resulting
in a decline in the net return rate from each
patch as a consequence of “exploitation de-
pression”. Heavy predation may also lead
to “behavioral depression” (Charnov et al.
1976),whenpreyalter theirbehavior inways
that make them more difficult to be har-
vested; for example by changes in flocking
behavior, greater alertness, or deduction of
certain activities such as feeding and court-
ing. Diminishing returns can also result from
changes in the foraging environment, with-
out affecting patch productivity. In the con-
text of shellfish gathering, tidal movements
may act as constraints on decisions to either
continue searching in a high-ranking patch
and face diminishing returns, because of in-
creasing difficulty in visually locating prey
with the incoming tide, or to move to a less
productive patch closer to shore.

A predator should leave a patch when
the marginal capture rate (i.e., the instan-
taneous capture rate at the end of a forag-
ing bout within that patch) drops to the
average capture rate for the entire set of
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Shellfish Gathering and Conservation in Kiribati

patches utilized (including travel time be-
tween patches). As the overall productiv-
ity of a habitat (set of patches) increases,
less time should be spent in any one patch,
whereas declining productivity should lead
to an increase in optimal patch-stay times.
Testing predictions from the marginal value
theorem is made difficult by the need to
collect detailed information on patterns
of movement, time budgets, and return
rates, none of which have been satisfacto-
rily recorded in either this or other studies
(Kaplan and Hill 1992; Smith 1983).

A correlate of the theorem referred to as
the “differential time allocation” hypothesis
(Smith 1991:258), has been cited as a rea-
sonable, albeit indirect, test of the question
of diminishing returns assumed in the theo-
rem. According to this hypothesis, foragers
ought to focus on the highest ranking patch
while ignoring or dropping all others, given
equal access. Because the most productive
patch is expected to provide a higher gain
than a lower ranking patch, then it should
receive a greater allocation of foraging time.
A switch to a lower ranking patch may be
interpreted as a sign of decelerating gain in
the high-ranking patch. Conditions similar to
those described above were noted when for-
agers shifted their activities from the low- to
mid-intertidal sand flat to gather the small bi-
valve, Gafrarium pectinatum, and then into
the upper intertidal gravelly sands to search
for the larger, but more widely dispersed
bivalve, Asaphis violascens, when the in-
coming tide limited foragers’ ability to locate
prey in deeper, more productive areas (see
Figure 5).

More than any behavior associated with
conservation,patchswitchinghasbeencited
as a possible indication that people are con-
serving resources. But as prey become less
common as a result of predation, or as they
become more cryptic in light of exploitative
pressure, an efficient forager may decide that
it no longer pays to stay in a patch and search
for increasingly elusive prey. Provided that
travel time to the next best patch is not
too costly, a patch type can be temporarily
abandoned. Depending on the biological at-
tributes of prey within that patch and the
time lapse between visits, prey types may

Figure 5. Foraging for Asaphis vilascens in up-
per tidal gravelly sands.

be able to recover from intensive harvesting.
Foragers are not paying short-term costs by
leaving a patch because they can do better
in another one. Alvard’s (1993) distinction
between conservation behavior per se from
its effects (“epiphenomenal” conservation),
is pertinent in this context in that conserva-
tionmay incidentally followoptimal foraging
decisions, as illustrated by patch switching.

Among all documented instances of
patch switching (or movements within a
patch perpendicular to the shoreline), there
was little to support the idea that foragers
were motivated by a desire to conserve re-
sources. Rather, the motivation always ap-
peared to be tied to diminishing returns
and the need to move to other patches.
When tide conditions changed, foragers ei-
thermoved fromlow-rankedpatches tohigh-
ranked patches or vice-versa. This behavior
is consistent with short-term maximization.

Patch Sampling

Foragers entering a patch may gain knowl-
edge of patch quality by joining groups al-
ready engaged in harvesting. A distinction
needs to be made between foraging group
size, which refers to the number of indi-
viduals who participate together in a spe-
cific activity and are expected to pool their
catch, and clustering of individuals, includ-
ing those from different groups, while forag-
ing. The degree of clustering is a function of
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resource predictability and distribution. The
more a prey type is unpredictably clumped,
the greater the advantage of flocking (Smith
1981), because this reduces the time each
forager spends searching.

Patch depletion and subsequent high
spatio-temporal variation in prey recruit-
ment often lead to situations where shell-
fish become unpredictable resources, with
some marked differences in clumping. The
gastropod Strombus luhuanus and the bi-
valve G. pectinatum exhibit some of the
highest degrees of clumping (the former pri-
marily through behavioral attributes; the lat-
ter by virtue of its overall density). However,
while both could be defined as “patches”,
their specific distribution (i.e., epifaunal vs.
infaunal) determines whether synchronous
foraging by more than one forager will in-
crease or reduce individual efficiency. For
the highly conspicuous S. luhuanus, it does
not pay for even a small party of two to scan
a relatively restricted area. Depending on
tide conditions, foragers may be separated
from each other by several tens of meters.
By contrast, the cryptic habits of dense G.
pectinatum permit tighter clustering of in-
dividual foragers, sometimes on the order of
less than a meter, with little interference and
competition. On the other hand, foragers are
widely separated (often in excess of 100 m)
while foraging on the ocean reef flat. This
is consistent with the low density of high-
ranked prey such as the giant clam Hippo-
pus hippopus. Unlike other infaunal prey,
such as G. pectinatum, foragers rarely exca-
vate more than one A. violascens in a sin-
gle digging motion (which usually involves
digging straight down into the hard, gravelly
matrix compared to the shallower, scraping
motions which characterize G. pectinatum
in the sand flats).

Knowledge of patch quality based on en-
vironmental cues and the sharing of infor-
mation with other foragers contrasts with
information while foraging (Stephens and
Krebs 1986:28). Models of information use
(Stephens 2007) suggest that foragers do ob-
tain information from conspecifics. Fluctu-
ating resources require this kind of assess-
ment strategy, but given the cost of sam-
pling, under what circumstances would it be

beneficial to sacrifice short-term return rates
to acquire information for long-term gains?

Although yields may fluctuate from
the dual impact of forager-dependent and
forager- independent processes, to be of
value, information about change should fo-
cus on those attributes of the environment
that do not fluctuate too rapidly. For ex-
ample, if large concentrations of mobile
S. luhuanus are known to occur, such
knowledgewouldprovide littlebenefit in the
long-term because the “patches” are likely to
shift.However, thediscoveryof sedentarybi-
valves may be more valuable in planning for
future gathering, bearing in mind competi-
tion from other foragers or marine organisms
that feed on shellfish.

Together with the rate of change, there
should be large enough differences in return
rates between patches or even between sec-
tions of patches to justify expanding effort
in information acquisition. Patch depletion
and the vagaries of successful prey recruit-
ment (e.g., A. uropigimelana in the Bonriki-
Temaiku seagrass area South Tarawa; see
Thomas 2007a) are important factors that de-
termine theusefulnessof anassessment strat-
egy. The implication of a sampling strategy is
the patch residence time, which differs from
the marginal value theorem: foragers either
stay longer or leave sooner than predicted by
the theorem (Stephens and Krebs 1986:91).
It is possible that the shift from the sand
flat to seagrass at Bonriki-Temaiku began as
a sampling strategy. Near Tebanga Village,
Maiana Atoll, people focused almost exclu-
sivelyonG.pectinatum. Foragerscommonly
limited their activities to the mid-intertidal,
but in two observed cases, appeared to be
sampling the low intertidal to assess the
state of resources away from shore. Inter-
views suggested that a few years previously,
A. uropigimelana had been abundant in the
area, but then steadily declined, which re-
sulted in foragers switching to G. pectina-
tum. Some foragers, however, had the op-
portunity to come into contact with high-
ranked prey types while travelling to their
small seaweed plots in the low intertidal.
Reports on the status of shellfish occurring
in the area filtered back to the community
and sometimes encouraged people to search
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Figure 6. Patch sampling (giant clams).

for A. uropigimelana in places they would
normally ignore.

Another example of sampling strategy
is illustrated by observations and interviews
on the ocean reef flat. Foragers were moni-
toring giant clam distribution (see Figure 6).
Areas surveyed were carefully selected to
avoid spending time in previously searched
sections. Up to three months passed before
a specific patch section was revisited, pre-
sumably to allow for the recovery of heavily
depleted resources. However, “patch recov-
ery time” (Bennett 1991) in one instance re-
sulted in less than 20% of the initial caloric
intake derived from H. hippopus. It was sus-
pected that other foraging groups had ex-
ploited some of the recovered biomass in the
interim.

Patch sampling may lead to deviations
from short-term rate maximization assumed
in the marginal value theorem. Because pre-
dictions from the latter model could not be
properly tested, however, statements about
patch sampling where foragers may either
stay longer or leave sooner than predicted
by the theorem, remain speculative. But, if
patchsamplingdeterminesanearlypatchde-
parture time, then OFT provides an explana-
tionas towhycertainpreytypesmaybegiven
time to recover in ways not anticipated by
the theorem. Natural selection specifies the
conditions that may benefit from a sampling
strategy, thus sacrificing short-term gains to
acquire information for long-term gains, but
unless intent to conserve can be established,

patch sampling cannot be considered a con-
servation strategy.

While a distinction between intent and
behavior should be kept, and predictions
from foraging models are tested against be-
havior, the criterion of intent remains im-
portant in deciding whether a strategy such
as patch sampling is synonymous with gen-
uine conservation (see Whitaker 2008 in the
context of intentional cultivation of inter-
tidal resources). Although the question of
motivation is problematic from evolutionary
and archaeological perspectives, this type of
information is available ethnographically. A
brief note to that effect relates to the ab-
sence of clear reference to resource con-
servation by shellfish gatherers despite as-
sertions that Kiribati society still possesses
a deeply rooted conservation ethic (Wilson
1994; Zann 1985).

Risk

Risk is closely related to sampling (Sosis
2002; Winterhalder et al. 1999). Two strate-
gies to reduce risk include resource shar-
ing/reciprocal territorial access and storage
(Colson 1979; Smith and Boyd 1990). Both
entail costs to the individual, yet the costs
for not employing them in appropriate con-
texts may be even higher.

Severalhypotheses for foodsharinghave
been proposed (Winterhalder 1997). In the
present context, there is evidence that large
package size and asynchrony in the daily suc-
cess rates of foragers are good predictors of
the kinds of resources shared beyond the
household. Eels, sharks, and large species
of giant clams are shared among all foragers
who cooperated, as well as individuals who
did not participate in foraging efforts. Often,
they included non-kin of neighboring house-
holds and anyone who happened to be visit-
ing at the time (kin or non-kin). Admittedly,
sharing of this sort does not in itself consti-
tute evidence of risk reduction reciprocity.
Forexample,“toleratedtheft” (Blurton-Jones
1984) or the social benefits that may accrue
from consistent one-way flows between dis-
tributors and recipients, notably at ceremo-
nial gatherings where the above-mentioned
prey types are likely to be presented,

JOURNAL OF ISLAND & COASTAL ARCHAEOLOGY 211

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
th

e 
So

ut
h 

Pa
ci

fi
c]

, [
Fr

an
k 

R
. T

ho
m

as
] 

at
 1

6:
46

 2
1 

Ju
ly

 2
01

4 



Frank R. Thomas

Figure 7. Fishtrap.

provides an alternative explanation. By ac-
quiring large packages, it might be argued
that men expect to gain the attention and
supportof scroungers,mostnotablywomen.

Traditionally, repeated boiling, drying,
and salting helped preserve various re-
sources. Sharing and hoarding are contrast-
ing strategies to reduce risk, and the kinds of
resources that are widely shared and those
that are stored are quite different. Because
traditional land tenure is still recognized, ter-
restrial production and food preservation be-
long to extended families. Most marine re-
sources are no longer culturally regulated,
which explains why a successful fisherman
sometimes relinquishes part of his catch to
distantly related kin or non-kin. Remnants
of a more extensive tenure system, such as
fish traps and “gardens” for the live storage
of giant clams (further discussed below), are
increasingly at odds with the open access
policy governing lagoon and ocean habitats
(see Figures 7 and 8).

Risk-aversion strategies are important in
determining whether genuine conservation
has been selected for. Although sharing of
certain marine resources does take place,
there is no unequivocal evidence to suggest
that the I-Kiribati share to prevent over-
exploitation. While sharing and hoarding are
often depicted as contrasting strategies to re-
duce risk, they need not be mutually exclu-
sive. For example, some households might
hoard pandanus fruit or dried fish in times

Figure 8. Giant clam “garden.”

of abundance for possible sharing in times of
scarcity.

A form of giant clam aquaculture has
been reported in Kiribati and other Pa-
cific Island communities (Bliege Bird et al.
1995; Foster and Poggie 1993; Hviding 1993;
MacLean 1978; Moir 1989), representing
the live storage of animal meat. But, does
this require an initial cost in consumption,
which would make it a good candidate for
conservation?

Storage is an effective risk-reduction
strategy, and by definition it involves delayed
consumption. Although there are costs to
storing foods(theymaydeteriorate rapidlyor
may be scavenged or stolen), the live storage
of giant clams does not appear synonymous
with conservation (even though conserva-
tion may be a byproduct of live storage—for
instance, Alvard and Kuznar’s (2001) idea of
animal husbandry as conservation) because
costs are minimal in evolutionary terms
relative to costs involved in not harvesting
a high-ranked prey on-encounter for imme-
diate consumption. Only when there is an
excess are giant clams stored (live or salted).
Return rates for T. gigas and H. hippopus are
variable because of the wide range in size of
individual prey items. It may be that small
prey items (<40 cm) actually fall outside the
optimal diet. Nevertheless, giant may be re-
garded as high-ranking prey, but still inferior
to most other marine resources. The fact
that both taxa are harvested incidentally is in
itself revealing. Cases where live specimens
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were kept correlated with large fish catches,
so that transplanting them does not involve
a short-term cost. It would be possible to
identify giant clam “gardens” archaeolog-
ically by the concentrated distribution of
valves in shallow water, particularly since
T. gigas is not naturally found in near-shore,
shallow water environments prone to turbid
conditions.

HISTORICAL ECOLOGY

In recent years, historical ecology has
emerged as one of the most useful and com-
prehensive approaches to understanding
how environments and landscapes were
affected by climate change, early human
settlement, historical interactions, and
modern development and industrialization
(Balée 2006; Fitzpatrick and Keegan 2007;
Rick and Erlandson 2008; Russel 1997). This
approach, which combines the natural and
social sciencesusingpaleoecology, archaeol-
ogy, land-use history, and long-term ecolog-
ical research, has great potential for examin-
ing natural and cultural phenomena behind
changes to island ecosystems (Fitzpatrick
and Intoh 2009; Kirch and Hunt 1997).

Compared to “high” volcanic islands,
atolls and table reefs have received scant
attention from archaeologists focusing on
historical ecology. More specifically, little
is known about paleoclimatology, the intro-
duction of exotic fauna, the extent of human-
induced environmental impacts, and social
transformations on low coral islands prior
to Western contact (Allen 2006; Anderson
2006; Pregill and Weisler 2007; Sachs et al.
2009). Given the unique environmental chal-
lengesposedbycoral islands, it is all themore
surprising that pre-European ecological re-
search has been largely neglected. By con-
trast, the last two decades have witnessed
a host of environmental studies, from sea-
level rise to contemporary human impact on
terrestrial and marine ecosystems (Thomas
2003).

A number of studies have examined the
long-term effects of human exploitation and
environmental change on fish, invertebrate,

and sea mammal populations resulting in de-
clines inspeciesdiversityandreduction inav-
erage age and size. But as Allen (2003) noted,
there is a need to understand how these col-
lective impacts might have fundamentally al-
tered marine ecosystems.

As noted above, it has been suggested
that people living on coral islands were more
acutely aware of environmental constraints
than communities on larger continental or
volcanic islands and thus realized at an early
stage the need to conserve resources. The
testing of predictions from the foraging mod-
els described in this study, together with
attributes of selected shellfish taxa to ac-
count forpreyresilience,andzooarchaeolog-
ical analyses comparing species composition
and size with length of human settlement
(Catterall and Poiner 1987; Poiner and Cat-
terall 1988; Thomas 2001; Weisler 2001b),
indicate that the apparent balance between
people and their resources in terms of delib-
erate conservation strategies may not stand
scrutiny.

While faunal losses have not been
widely reported from coral islands, with
their chronologies often remaining uncer-
tain (Drew et al. 2013; Steadman 1989;
Thomas 2004), the very high ratio of reef
to land, typical of most atolls, would have
ensured abundant protein resources, with
little noticeable impact by human com-
munities that remained generally small.
Weisler (2001a) presented evidence for the
extirpation of the Bullmouth helmet shell
(Cypraecassis rufa) from Utrōk Atoll in the
Marshall Islands. However, the presence or
absence of marine organisms in a particular
habitat is largely determined by chaotic or
unpredictable recruiting events that shape
the structure of reef assemblages over time
(Paulay 2001). This is not to deny that some
species, by virtue of biological, ecological,
and behavioral attributes, display different
levels of resilience to human exploitation.
The disappearance of T. gigas in the Mari-
anas, New Caledonia, and Fiji is a case in
point (Munro 1989). Along with other large
members of theTridacna family, this species
of giant clam is considered vulnerable to
gathering pressure.
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DISCUSSION AND CONCLUSION

Predictions from optimal foraging models
provide a means to test the hypothesis of
short-term costs and gains in food acquisi-
tion. They are therefore relevant to discus-
sions related to the value of traditional eco-
logical knowledge for conservation (Alvard
2002; Smith and Wishnie 2000) and for un-
derstanding likely foraging strategies in the
past. Testing these predictions archaeolog-
ically remains problematic, as the archaeo-
logical record often cannot capture the vari-
ability proposed in even the simplest forag-
ing model (Broughton and Grayson 1993;
Madsen and Schmitt 1998; O’Day 2004;
Thomas 2002).

Low coral islands, regarded among the
most fragile and challenging environments
for human existence, present cases of both
sustainable living over centuries as well as
possible instances of resource depression
or where societies did not endure (Di Pi-
azza and Pearthree 2001; Weisler 2003). The
paucity of anthropogenic impacts noted by
Anderson (2002) in the Line and Phoenix Is-
lands does not necessarily imply that coral
islanders were actively managing their en-
vironment and resources. Relatively low
population densities and abundant reef re-
sources may have ensured sustainable liv-
ing, while the question as to why these
islands were abandoned prior to Western
contact remains. Although work continues
in building up coral island chronologies
throughout the Pacific, there is a need to
address broader patterns and processes sim-
ilar to those proposed for the “high” is-
lands (Kirch 2000:302–325). Results have
been partially achieved for the atolls and
table reefs in the Marshall Islands (Weisler
2001c)andKiribati (ThomasandHorrocks in
prep).

The interlinked topics of “sustainability”
archaeology, historical ecology, and conser-
vation biology (Hardesty 2007; Kirch 2005;
Lyman and Cannon 2004; Thomas 2012;
van der Leeuw and Redman 2002) highlight
the many challenges faced by contempo-
rary Pacific Island communities as they at-
tempt to cope with changing environments,
economies, and social values, which now

more than ever pose a threat to sustainable
livelihoods.

In a general sense, it can be asserted that
islands, and especially atolls and table reefs,
are microcosms of larger, but equally frag-
ile environments. While debate continues re-
garding the role of people versus climatic fac-
tors as the leading cause for environmental
change, it is reasonable toassumethathuman
impact can exacerbate the effects of natural
perturbation, leading at times to major social
disruption. More data are required to evalu-
ate the degree and main causative agent of
past environmental change on coral islands
in the Pacific.
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