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Abstract: Multiple studies reveal pre-1492 anthropogenic impacts on Caribbean fisheries that are
consistent with overfishing, including changes in targeted prey, shifts in marine habitats exploited,
and decreases in the average body size of taxa. At the Indigenous Caribbean village of Sabazan
(AD 400–1400) on Carriacou, Lesser Antilles, post-AD 800 declines in fishing, increased mollusk
collection, and changes in resource patch emphasis accord with the archaeological correlates of
resource depression predicted by foraging theory models from behavioral ecology. Here, I apply
foraging theory logic and abundance indices incorporating body size and fish habitat to test the
predictions of expanded diet breadth, declining prey body size, and shifts to more distant fishing
patches that are typically associated with overfishing. Results uphold a significant decrease in overall
fishing, which may be due to habitat change associated with the Medieval Warm Period. Indices of
fish size and resource patch use do not meet foraging theory expectations for resource depression,
however. Instead, they suggest an absence of resource depression in the Sabazan fishery and at least
600 years of sustainable fishing. I review similar findings for other Caribbean archaeological sites with
either negative evidence for fisheries’ declines or quantitatively demonstrated sustainable fishing.
These sites collectively serve as a critical reminder of the heterogeneous trajectories of Indigenous
social–ecological systems in the pre-contact Caribbean and the need for meta-level analyses of the
region’s ancient fisheries. I discuss the application of the sustainability concept in archaeological
studies of fishing and conclude that a more critical, explicit approach to defining and measuring
sustainability in ancient fisheries is needed.

Keywords: Caribbean; resource depression; anthropogenic impacts; overfishing; resilience; ceramic
age; lesser Antilles

1. Introduction

Archaeologists, ecologists, and fisheries scientists increasingly recognize that data
from archaeological fish assemblages can provide critical knowledge of the health and
long-term anthropogenic stressors of past fish populations salient to the sustainability
of modern fisheries, which globally are in crisis [1–7]. The relevance of archaeological
data has not gone uncontested, however. More than a decade ago, Baisre [8] challenged
mounting archaeological evidence that Indigenous peoples diminished marine fisheries
across the pre-contact Caribbean. He called into question the methodology of studies
supporting this conclusion and argued their findings ignored ecological, social, and cultural
factors constraining the technological capacity of pre-contact Indigenous peoples to exploit
marine species.

Since then, strong evidence for pre-modern anthropogenic impacts on marine ecosys-
tems continues to grow within the Caribbean [3,4,9]. Among the islands, anthropogenic
effects are evidenced by declines in the trophic level of exploited fish, reductions in the
size of fish and mollusks, and local prey depletion signaled by declining abundances
and shifts in the species exploited [9–12]; but see [13,14] for discussion of the interpretive
issues in trophic level analyses of archaeological fish assemblages). These phenomena
are consistent with the theoretical predictions of overfishing and observed effects in mod-
ern fisheries [7,15–17]. Archaeologically, such phenomena are often framed as a form of
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resource depression [18], subject to testing using foraging theory models derived from evo-
lutionary ecology and measures of foraging efficiency, such as abundance indices [19–21].
Baisre’s [8] arguments implicitly support the pristine myth—the notion that environments
of the Americas remained “unspoilt” until European arrival [22]—and were critiqued by ar-
chaeologists and others on several fronts [13,23,24]). Nonetheless, he offered a provocative
homily on the unevenness of findings for anthropogenic overfishing and the importance of
not extrapolating region-wide effects from localized prey depletion.

Indigenous fisheries’ impacts were not universally detrimental, however, as suggested
by more recent evidence indicating diverse ecological outcomes associated with centuries
of Indigenous fishing in the pre-contact Caribbean. Multiple studies now demonstrate
sustainable fishing and mollusk collection based on negative evidence for resource de-
pression and size diminution of prey [25–29]. These studies have generally focused on
the Ceramic Age (500 BC–1500 AD), a period during which fisher–forager–horticulturists
settled the majority of the Caribbean islands, establishing sedentary, long-term villages. In
the Lesser Antilles, Ceramic Age peoples relied heavily upon marine ecosystems for protein
subsistence, generally emphasizing coral reef, inshore, and littoral resources [30–33].

In this contribution, I focus on the archaeological site of Sabazan (AD 400–1400) on
Carriacou, Grenada, where I demonstrate that faunal abundance indices do not meet
theoretical expectations for resource depression despite apparent declines in fishing. While
diachronic change in the composition and abundance of the fish catch occurs, there is no ev-
idence to support human predation pressure as the driver. The Sabazan site is consequently
significant for exemplifying the heterogeneous trajectories of social–ecological systems
in the pre-contact Caribbean and conceptual challenges to the notion of sustainability. I
detail the negative evidence for resource depression at Sabazan, consider possible causes
for apparent sustainability, review other Caribbean sites with similar findings, and note
the need for larger-scale studies of the region. I conclude by discussing how the sustain-
ability concept has been applied to ancient fisheries and the variable standards used to
substantiate the sustainability of fishing in the past.

2. Background
2.1. Archaeology and Environment

The Caribbean islands culture area comprises three major archipelagos: the Greater
Antilles and the Bahama Archipelago in the north and the Lesser Antilles in the east, the
latter forming the boundary between the Caribbean Sea and Atlantic Ocean (Figure 1).

Cuba, Hispaniola, and Puerto Rico were settled first around ca. 4500–4000 BC, proba-
bly from the Isthmo-Colombian region by forager populations whose sites are ephemeral
and sparsely distributed [34]. After 3300 BC, a second wave of Archaic peoples arrived
from northern South America to the Greater Antilles and northern Lesser Antilles, largely
bypassing the southern Lesser Antilles [35]. Archaeological evidence indicates that Archaic
groups practiced a mixed economy of fishing and foraging, with some cultivation of wild
and domestic plants; settlement density is low, and sites show both seasonal and longer-
term occupation [36,37]. The Ceramic Age begins ca. 500 BC when Arawak-speaking
peoples move from the Lower Orinoco Basin of South America into Puerto Rico and the
northern Lesser Antilles, expanding across the region over the ensuing two millennia.
Ceramic Age peoples are noted for their long-term sedentary villages, ubiquitous pottery,
crop cultivation, and introduction of plants and animals from South America. They ex-
ploited both marine and terrestrial animals for subsistence, generally in correspondence
with coastal versus inland settlement location.

The Ceramic Age village of Sabazan sits on the Atlantic coast of Carriacou, an island
195 km north of Venezuela (Figure 1). Carriacou lies within the Grenadine Bank, a shallow,
productive marine bank extending ca. 4000 km2 from Grenada through the Grenadines
microarchipelago in the southernmost Lesser Antilles. The island is surrounded by mixed
hard and soft bottom substrates, sand and seagrass beds, and extensive coral reefs, in-
cluding some of the only barrier reefs in the southern Caribbean. The island’s small area
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(34 km2) and low relief (maximum 291 m) limit orographic rainfall. A lack of fresh surface
water creates chronic water shortages for contemporary islanders and likely did so for
Indigenous inhabitants in the past, as evidenced by the archaeological presence of ceramic
pot-stack well heads for tapping underground water [38].
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Settled ca. AD 400, Sabazan, along with the nearby site of Grand Bay, is the oldest
recorded site on Carriacou. More than two dozen radiocarbon dates indicate the site
was occupied continuously until ca. AD 1400 [39]. Prior study of well-preserved zooar-
chaeological remains from stratified midden deposits (number of identified specimens
(NISP) = 9660; minimum number of individuals (MNI) = 837) showed Sabazan’s inhabi-
tants relied heavily on fish, especially parrotfish (Labridae: Scarinae), tunas (Thunnini),
and jackfish and scads (Carangidae), as well as mollusks like the queen conch (Aliger gigas,
formerly Strombus gigas), West Indian topsnail (Cittarium pica), and tessellated nerite (Nerita
tessellata) [39,40]. Marine resources were supplemented by low numbers of terrestrial
vertebrates (NISP = 830, MNI = 69), consisting primarily of introduced South American
mammals, such as the agouti (Dasyprocta sp.) and opossum (Didelphis sp.) [40,41]. Among
the more noticeable trends at Sabazan is a pronounced, statistically significant reduction in
fishing and concurrent increase in mollusk collection through time. Between AD 800 and
1400, fish decrease from 35.6% of assemblage MNI to 20.5%, while mollusks increase from
50.7% to 70.2%, driven primarily by increases in gastropods, especially the small tessellated
nerite. This shift from energetically more profitable fish to less “bang-for-buck” mollusks is
consistent with foraging theory predictions for resource depression [39]. No decrease in
the average size of tessellated nerites was associated with their increased exploitation [28].

2.2. Forging Theory, Resource Depression, and Abundance Indices

Explicit applications of foraging theory in the Caribbean are limited [28,29,39,42] due
partly to an incongruous intellectual history and possibly a perceived reductionism of
human behavioral complexity. Nonetheless, while ethnoarchaeological findings some-
times deviate from foraging theory predictions [42], numerous archaeological studies
across a varied locales demonstrate the robustness of foraging theory models for assessing
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diachronic change in human resource exploitation and impacts on prey abundance in
archeology [20,43–46]. Combined application of the prey choice and patch choice models,
in particular, can permit hypotheses of anthropogenic decline in prey abundance, known
as resource depression, to be developed and tested archaeologically. The two models
follow from an assumed fitness-maximizing goal based in neo-Darwinian logic. The prey
choice model presumes that higher-ranking prey will always be taken by foragers on en-
counter, with new prey incorporated into the diet in descending rank order when encounter
rates with higher-ranking prey decline, a process termed diet breadth expansion [45,47,48].
Where resources are spatially clumped, the patch choice model and marginal value theorem
predict that foragers will exploit a patch until the average return rate falls below that for
the next-ranked patch and will incorporate additional patches sequentially into the diet
until the point at which adding a lower ranked patch diminishes overall mean return, with
travel time between patches included [18,48]. Prey and patch rankings are generally based
on the rate of net energetic return per unit of time, although other currencies may be used.

Because archaeological demonstration of prey rank can be difficult, prey body size is
frequently used as a proxy for rank, with larger prey ranking more highly up to the point
where added size incurs disproportionate costs, as with whale hunting for example [44].
Although by no means a marginal resource of last resort [49–51], foraging theory models
typically treat mollusks as low-ranking prey due to their relatively small size and high
handling costs [52]. Their increase in the archaeological record relative to larger vertebrate
resources is often heralded as an indicator of declining foraging efficiency and evidence for
resource depression [32,53,54].

Following the prey and patch choice models, an abundance index (AI), which mea-
sures the relative assemblage contribution of high-ranked prey/patches to low-ranked
prey/patches, can be used to measure the declining resource encounter rates and foraging
efficiency that signal resource depression [44,55,56]. Since reduced encounter rates may
be driven by factors other than resource depression, the significance of a single declining
AI needs to be verified through other lines of evidence. Resource depression may be
corroborated by diet breadth expansion or switching to less profitable prey and patches,
declining mean age or body size of prey, foraging increasingly farther afield, and more
intensive use of existing prey or patches [15,45,46,57]. As noted above, these effects have
been demonstrated within archaeological fisheries [11,12,58–60] as a decrease in the aver-
age size and biomass of fish as people “fish through” [17,61] larger bodied taxa and turn
increasingly to smaller species or pelagic fish farther offshore.

3. Materials and Methods

I used abundance indices incorporating body size and fish habitat to test the predic-
tions of expanded diet breadth, declining prey body size, and shifts to more distant fishing
patches described above. These indices are scaled between 0.0 and 1.0, with larger values
indicating a greater proportion of high-ranking taxa in the assemblage. Zooarchaeological
fish and gastropod data come from Middle (AD 750/800–1000), Late (ca. AD 1000–1200),
and Final (ca. AD 1250–1400) occupation periods of Units 1 of Trenches (excavation blocks)
1 and 2 and a 50 × 50 cm coastal profile column sample reported in Giovas [28,39]. Sample
sizes from earlier deposits were too small to be included in statistical analysis. Deposits
were trowel-excavated according to natural stratigraphic levels, subdivided into 10 cm
arbitrary levels, and screened through nested 6.4 and 1.6 mm mesh. Arbitrary levels were
aggregated by strata, which were assigned to temporal periods based on multiple 14C dates
on charcoal from each trench [39].

Fish and gastropod specimens were identified using modern reference collections at
the Florida Museum of Natural History and Royal Ontario Museum, published identifi-
cation guides [62,63], and the author’s reference collection. Habitat designations follow
Newsom and Wing [32], except that I explicitly included neritic (continental shelf) waters
within the pelagic zone, and FishBase [64] (Supplemental Table S2). Taxa that could not be
assigned to a habitat due to insufficient taxonomic resolution were excluded from analysis.
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Extended details of analytic protocols are discussed in [39]. I relied on body size as a proxy
for return rates [19] rather than make assumptions about prey capture methods (e.g., use of
mass capture techniques, foraging by children). This allows large fish to be ranked above
small fish, and collective fish above collective gastropods. Queen conch is excluded from
analysis because its large shell (up to ~35 cm and ~2 kg) was handled differently from
other taxa by Indigenous Caribbeans. Most conch shells were apparently discarded at the
harvest location, with shells returned to the residential site subsequently modified heavily
for artifact manufacture, precluding their dietary analysis [39].

The relationship between fish and gastropod abundance was evaluated using the fish
index, which quantifies changes in the MNI of fish relative to that of gastropods, based on
the dataset reported in Giovas [39], summarized for all classes in Table 1, and presented in
detail in Supplementary Table S1.

MNI is a preferred quantifier in this instance because the disparity in the number of
(exo)skeletal elements between fish (hundreds) and gastropod (one) inviduals inflates the
relative contribution of fish to the assemblage when measured by NISP. The fish index is
calculated in Equation (1):

Fish Index =
∑ MNI fish

∑(MNI fish + MNI gastropods)
(1)

Following from the assumption that foragers will preferentially target larger, higher-
ranking fish over small, lower-ranking fish, I employ a large fish (LF) index to explore
the potential for declining foraging efficiency within fishing. Small fish were defined as
those with anterior vertebral widths under ca. 3 mm (irrespective of taxon) and represent
fish for whom all skeletal elements (except a fused neurocranium) are captured by the 1.6
mm screen. Large fish were those lying above this size threshold. Original data appear in
Giovas [39]. The index employs MNI values standardized per 10 cm3 to correct for larger
volumetric analysis of the 6.4 mm screen fraction and is calculated in Equation (2):

Large Fish Index =
∑ MNI large fish

∑(MNI large fish + MNI small fish)
(2)

Finally, the large nearshore fish (LNSF) index groups coral reef and inshore fish into a
single nearshore category and compares relative exploitation of large to small fish within
this patch. Data are from Giovas [39]. The LNSF index also employs standardized MNIs
and is calculated in Equation (3):

Large Nearshore Fish Index =
∑ MNI large nearshore fish

∑(MNI large nearshore fish + MNI small nearshore fish)
(3)

Statistics were calculated using Excel and R software. Chi-square tests were employed
to evaluate abundance changes in overall gastropods and nerites (Nerita spp.), with p-
values computed using a Monte Carlo approximation. A Cochran–Armitage test was used
to test for a linear trend in the fish index.
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Table 1. Summary of vertebrate and invertebrate data from Trench (excavation block) 2 Unit 1 and the coastal profile column of the Sabazan site for Early (AD 600–800/850), Middle (AD
750/800–1000), Late (ca. AD 1000–1200), and Final (ca. AD 1250–1400) periods. See online Supplemental Table S1 for detailed data.

Early Period Middle Period Late Period Final Period Site Total

Taxon Common Name NISP %
NISP MNI %

MNI NISP %
NISP MNI %

MNI NISP %
NISP MNI %

MNI NISP %
NISP MNI %

MNI NISP %
NISP MNI %

MNI

Actinopterygii bony ray-finned
fishes 30 14.2 10 30.3 668 29.0 106 35.6 151 14.7 31 30.7 156 11.5 33 20.6 1005 20.5 180 30.4

Aves birds 3 0.1 2 0.7 1 0.1 1 0.6 4 0.1 3 0.5
Mammalia mammals 16 7.6 4 12.1 90 3.9 12 4.0 9 0.9 3 3.0 9 0.7 2 1.3 124 2.5 21 3.5
Reptilia reptiles 4 1.9 2 6.1 55 2.4 6 2.0 16 1.6 3 3.0 52 3.8 2 1.3 127 2.6 13 2.2
Echinoidea sea urchins 13 6.2 1 3.0 329 14.3 8 2.7 332 32.3 5 5.0 596 44.1 6 3.8 1270 26.0 20 3.4
Bivalvia clams, oysters 1 0.5 1 3.0 68 3.0 20 6.7 7 0.7 3 3.0 18 1.3 8 5.0 94 1.9 32 5.4
Gastropoda sea and land snails 124 58.8 12 36.4 334 14.5 111 37.2 159 15.5 46 45.5 262 19.4 92 57.5 879 18.0 261 44.1
Polyplacophora chitons 4 1.9 2 6.1 140 6.1 20 6.7 44 4.3 8 7.9 112 8.3 13 8.1 300 6.1 43 7.3
Decapoda crabs 19 9.0 1 3.0 614 26.7 12 4.0 309 30.1 2 2.0 147 10.9 3 1.9 1089 22.3 18 3.0
Cirripedia barnacles 1 0.0 1 0.3 1 0.0 1 0.2

Total 211 33 2302 298 1027 101 1353 160 4893 592
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4. Results

The fish index declined across the Middle (0.486), Late (0.403), and Final periods (0.264)
of occupation at Sabazan, with the temporal reduction in fish relative abundance registering
as significant according to a Cochran–Armitage test (p < 0.001) (Figure 2, Table 2).
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Table 2. Fish index variation over Middle, Late, and Final periods at Sabazan, and results of the Cochrane–Armitage test for
linear trends.

Sabazan Fish Index

Fish MNI Gastropod MNI Total Fish and
Gastropod MNI Fish Index

Final 33 92 125 0.264
Late 31 46 77 0.403

Middle 106 112 218 0.486

Total 170 250 420

Cochran–Armitage Test p

χ2: 16.29 <0.001
χ2

trend: 16.09 <0.001
Departure from linearity: χ2: 0.19 0.659

The LF index exhibits only a marginal decline over the three periods (Middle: 0.065;
Late: 0.040; Final: 0.044), reflecting a nominal decrease in large fish of roughly 2% over
600 years (Figure 2, Table 3). Similarly, the LNSF showed only minor fluctuations of
about 2%, with values for the Final period (0.068) slightly higher than those of the Late
period (0.047) and almost equal to the Middle period (0.068) (Table 4). Both gastropod
and nerite abundance increased significantly from the Middle to the Final occupation
periods (Gastropoda: χ2 = 21.69, p = 0.004, Gastropoda adjusted residual = 4.066, p < 0.001;
Neritidae: χ2 = 68.72, p = 0.004, Nerita spp. adjusted residual = 5.173, p < 0.001).
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Table 3. Large fish index variation over Middle, Late, and Final periods at Sabazan.

Sabazan Large Fish Index

Period Large Fish MN * Stndrd. Large Fish
MNI Small Fish MNI * Stndrd. Small Fish

MNI Large Fish Index

Final 17 0.39 32 8.51 0.044
Late 10 0.20 25 4.78 0.040

Middle 49 0.26 106 3.72 0.065
Total 76 163

* Standardized per 10 cm3.

Table 4. Large nearshore fish index variation over Middle, Late, and Final periods at Sabazan.

Sabazan Large Nearshore Fish Index

Period Large Nearshore
Fish MNI

* Stndrd. Large
Nearshore Fish

MNI

Small Nearshore
Fish MNI

* Stndrd. Small
Nearshore Fish

MNI

Large Nearshore
Fish Index

Final 13 0.30 16 4.25 0.065
Late 8 0.16 17 3.25 0.047

Middle 38 0.20 78 2.74 0.068
Total 59 111

* Standardized per 10 cm3.

As an addendum to the LNSF results, it should be noted that some herring (Clupeidae)
species live closer to shore than others. The clupeid specimens in this study were treated
as offshore taxa (Supplemental Table S2), but because they were not identifiable to a
lower taxon, the possibility exists that some or all of these may have been nearshore
fish. To test whether this possibility impacts results, I calculated the large nearshore
fish index with clupeids designated as nearshore taxa. Recalculated LNSF indices are:
Middle period = 0.065, Late period = 0.042, and Final period = 0.053. These results leave
the conclusions, discussed below, unchanged.

5. Discussion

The diachronic decline in the fish index points to a switch from higher ranking fish
to lower ranking gastropods and an overall reduction in foraging efficiency at Sabazan,
consistent with resource depression patterning. Whether this trend for diminished fishing
is in fact due to changes in energetic returns from the fish catch remains in question,
however. By testing how the size of archaeological fish changes over time, as noted above,
the LF index provides a measure of foraging efficiency for assessing this question. A
decline would be expected if, as large fish became depleted, Sabazan’s residents exploited
progressively lower ranking fish before finally turning to gastropods. However, the LF
index exhibits only a marginal decrease from the Middle to Final periods (Figure 2, Table 3).
The comparative stability of large fish’s relative abundance, illustrated by the nearly flat
line of the LF index in Figure 2, against the backdrop of sharply reduced fishing signaled
by the fish index thus suggests the latter trend is not driven by declining energetic returns
for large fish. These results are supported by a separate study that showed no change over
time in the mean size of tunas (Thunnini) [65], one of the most heavily exploited fish taxa
at Sabazan (Supplemental Table S1).

Prior statistical tests of the Sabazan assemblage showed no change over time in the use
of more distant offshore pelagic patches compared to coral reef and inshore patches [28,39],
in contrast to trends observed for resource depression scenarios elsewhere in the pre-contact
Caribbean [12,32]. Stable pelagic fish exploitation could nonetheless be consistent with
resource depression if Sabazan’s residents had chosen to increase exploitation of intertidal
and shallow water invertebrates in lieu of pursuing potentially riskier or less efficient
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offshore fish. Accordingly, nearshore fish assemblages should exhibit evidence for foraging
efficiency declines in the form of increased incorporation of smaller fish into the diet as
encounter rates with larger nearshore fish decline. This should occur before or with the
gastropod increase observed through the Middle to Final occupation periods, which is
driven largely by mounting nerite exploitation [39,40]. The LNSF index values reveal that a
shift to smaller inshore fish did not occur. As with the LF index, foraging efficiency appears
relatively stable, and the index trendline is nearly flat (Figure 2).

In sum, the application of fish abundance indices that incorporate theoretical expec-
tations for diet breadth expansion, changing prey size, and shifts in patch exploitation
do not support the occurrence of resource depression at Sabazan between AD 800–1400.
These findings align with previous studies showing no evidence for resource depression
in tunas and tessellated nerites at Sabazan based on size frequency data [28,65]. In this
sense, fishing at Sabazan appears to have been sustainable. The resilience of the fishery
may have been due to the relative ecological richness of the surrounding Grenadine Bank,
but additional study is needed to rule out alternative causes for the observed patterning,
such as agricultural intensification that may have offset fishing pressure.

It is possible that data resolution or other analytic factors are masking overfishing
at Sabazan. The large and small size classes used in this study, for instance, may be
too coarse-grained to capture variation over time. Additional investigations based on
allometric reconstructions of fish size or biomass may offer further insights by providing
higher resolution data [9,30].

It may also be the case that fish size is a poor proxy for return rate. Mass capture
technology, such as nets and basket traps, can increase foraging return-rates by increasing
gross energetic return and/or lowering pursuit and handling costs [46]. Small fish caught
with nets at Sabazan may have been comparable in their energetic return rate to large fish
caught by hook and line or other techniques, which would imply that the LF and LNSF
indices do not measure foraging efficiency as intended. This seems unlikely, however, for
three reasons. First, nets catch fish above a certain size threshold dictated by the net gauge,
including larger fish. Thus, the expectation remains that as fishing pressure mounts and
fish larger than this size threshold are removed from the population, people will employ
increasingly finer-gauge nets, thereby adding smaller fish to the diet. Second, capture
technique is not predicated solely on fish size but also behavior and anatomy. For example,
parrotfish, which are among the most common fish at Sabazan (Supplemental Table S1),
are not amenable to hook and line fishing due to their beak-like mouth structure. Across a
range of sizes, they were likely caught primarily with traps and nets [9,66]. Body size within
this taxon should therefore generally track energetic return rates. Finally, studies in the
Caribbean empirically demonstrate mean size declines in multiple fish taxa in association
with other indicators of overfishing, such as trophic level [11,12]. Thus, there are strong
reasons to believe that the apparent absence of resource depression at the Sabazan site is a
genuine phenomenon.

It is still the case that overall fish relative abundance declines over time at Sabazan,
however, and there is no immediate explanation for this. The change correlates roughly
with increasing aridity documented between 1200–800 cal. BP in sediment cores from Lake
Antoine on nearby Grenada [67], possibly reflecting the effects of the Medieval Warm Period
(MWP), ca. AD 950–1250. Circum-Caribbean paleoclimate records for the MWP indicate
warmer sea surface temperatures (SST) and potential increased frequency of hurricanes
and major storms [68–70] that may have negatively affected Carriacou’s reef system. These
changes may have altered fish abundance by negatively impacting food availability and
habitat. Climate warming in the modern era is associated with pronounced ENSO events
in the Pacific (although these may have been less frequent during the MWP) [71], warmer
SSTs, and increased tropical cyclone strength and frequency that contribute to significant
coral bleaching episodes and reef die-off in the Caribbean [72–75]. Temperatures in the
Caribbean during the MWP would have been similar to or slightly warmer than today.
The impacts of modern climate warming on reefs, however, are exacerbated by the effects
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of eutrophication, commercial fishing, and coastal development, which would have been
moot a millennium ago. Further research is thus needed to determine whether climate
effects played a role in Sabazan’s fishing declines.

Sabazan is not unique in its lack of evidence for fish and gastropod overexploita-
tion. At five sites on Anguilla dated to the Late Ceramic Age (AD 500–1500), analyses
of archaeological fish abundance–biomass curves, trophic structure, fish size, and taxo-
nomic composition show sustainable long-term exploitation of a “healthy fishery” [26].
At Roseau on Basse-Terre, Gaudeloupe, Bochaton et al. [25] found no change over time
in the mean trophic level of fish between ca. AD 1000–1400, nor was there any change in
the size distribution of Sparisoma parrotfish. Similarly, Grouard [76] detected no evidence
for overfishing based on fish standard length distributions at Anse à la Gourde (ca. AD
400–1400), on Grande-Terre, Guadeloupe. In a related phenomenon, at the Coconut Walk
site, Nevis, tessellated nerites increased in mean length between AD 890 and AD 1440,
concurrent with pronounced increases in their exploitation [29]. The continued availability
of tessellated nerites coupled with size increase suggest that human predation pressure
may have enhanced growth rates by reducing population density, but harvest levels overall
were sustainable.

These collective findings underscore the heterogeneous trajectories of Indigenous
social–ecological systems in the Caribbean. Because they represent instances where re-
searchers specifically sought to examine zooarchaeological assemblages for anthropogenic
impacts, it may be that negative evidence for overfishing is more widespread but has
been missed due to a lack of testing. While it is difficult to know how ubiquitous sus-
tainable exploitation was across the region, these results highlight the coexistence of both
ecologically sustainable and unsustainable practices during the pre-contact era and the
dynamism of Indigenous–environmental interactions. Considering Caribbean cultural
and environmental diversity in the pre-contact era, it is foreseeable that different locations
would have experienced variable social–ecological outcomes based on local, historically
contingent circumstances, including the nature of geophysical and hydrological variables,
biotic communities, marine habitat structure, human population density, cultural traditions,
resource exploitation and management strategies, and available technology. Nonetheless,
speculation about the extent to which locally observed sustainability or unsustainability
characterizes the wider pre-contact Caribbean is premature. Instead, there is a real need
to evaluate this issue at the archipelagic level through meta-analyses integrating regional
datasets, following the recent example of Grouard et al. [9] for the northern Lesser Antilles
and of archaeologists in regions beyond the Caribbean [77,78].

There are additional issues entangled in the Caribbean fisheries studies discussed
above that warrant deeper consideration as archaeologists continue to explore human
effects on island ecosystems. Previous studies (including those conducted by myself
and colleagues, e.g., [28,29]) have employed the term “sustainable” in evaluations of
anthropogenic impacts based on fish and mollusk abundance indices, size, trophic level,
prey and patch switching, and other measures. In these studies, the term is often used
without precision to connote the long-term viability of human exploitation strategies.
Across the Caribbean literature, “sustainability” is either undefined, loosely defined, or
directly benchmarked against different zooarchaeological and/or modern-fisheries criteria,
a situation which appears to characterize archaeological fisheries studies in general [1,7,79].
In practice, then, the term acts as a boundary concept rather than referencing a specific
ecological state defined by scientific consensus. This is not necessarily inappropriate.
Boundary concepts are powerful precisely because their fuzzy parameters allow them to
transcend disciplines and unify diverse communities for action [80]. However, it does raise
fundamental questions. What is meant by sustainability? How do we compare findings for
ancient sustainable practices across contexts where different standards have been used?
And, are some methodologies more valid than others for demonstrating sustainability
in the deeper past given the issues of data scale and resolution involved? In the present
study and others, there is an implied assumption that a lack of evidence for resource
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depression amounts to sustainable resource use. Is it valid to rely on negative evidence
in this way? Should we instead employ the presence of certain indicators of sustainability,
perhaps drawing on quantitative criteria from fisheries science [7,26]?

Marshall and Levin [81] highlight the problematic nature of the sustainability concept
for modern fisheries. Here, sustainability is often framed in terms of the maximum sus-
tainable yield (MSY), determined through complex single-species assessment models in
which harvest rates are set to maximize the catch but not exceed the maximum population
growth rate [82,83]. These models seek to optimize fish harvest for economic purposes
while in theory, if not in practice, allowing stocks to replenish [82]. According to Marshall
and Levin [81], the MSY and additional, looser constructs fall short of securing true sus-
tainability because they fail to consider other ecological and social goals, such as species
interactions, the ecosystem services provided by target taxa, or the distribution of and
equitable access to marine resources by all stakeholders. Applying these considerations to
ancient fisheries presents a challenge: even if quantitative sustainability criteria informed
by modern fisheries science are satisfied, can we know that other social and ecological
dimensions of sustainability were also achieved in the past?

This is more than an academic point. Archaeological data have greater applied value
to contemporary conservation and restoration ecology when they can rigorously demon-
strate the social–ecological conditions that fostered past sustainability, who benefitted
from this, and how. Past sustainability based largely in low human population densities
or modest predation pressure—which Baisre [8] contends characterize the Caribbean—
may be of limited relevance in modern conservation because these conditions cannot be
feasibly replicated across significant areas of the modern world, although the archaeolog-
ical assemblages demonstrating sustainability may still be a valuable source of baseline
data [1,7,26,84].

This critique is relevant to aspects of the evidence for sustainable fisheries identified
at Sabazan. If sustainable systems are characterized by resilience, meaning they have the
capacity to endure over extended periods without undermining their preconditions [85],
then tessellated nerite sustainability at Sabazan and also at Coconut Walk, Nevis, may be
regarded as precarious. At both locations, most harvested snails fall below the minimum
size at onset of reproductive maturity (14–17 mm) [86]. Continued exploitation was
thus dependent on outside veliger recruitment to sustain local populations. As such, it
would have been vulnerable to any future effects undermining this potential, including
changes in bay circulation, foraging intensification that outstripped recruitment, or resource
depression in the wider nerite populations providing a rescue effect. How long this
precarious sustainability may have endured beyond ca. AD 1400 is thus open to question.

6. Conclusions

This study employed large fish and large nearshore fish abundance indices to test
for the archaeological correlates of resource depression predicted by foraging theory and
empirical studies in a 600-year record of fishing at the Sabazan site on Carriacou. Results
contradict the scenario of overfishing suggested by a shift to intensified gastropod collection
between ca. AD 800–1400 at Sabazan. There is no evidence for resource depression, and
marine foraging can be considered sustainable in the sense that human exploitation of fish
(and the tessellated nerite) does not appear to have affected the capacity of these taxa to
persist through time.

These findings contribute to a growing body of evidence for sustainable resource
use by Indigenous Caribbean peoples. In defiance of evidence for overfishing from other
islands in the region, these cases of sustainability demonstrate the heterogeneous trajec-
tories of social–ecological systems in the pre-contact Caribbean. Archaeologists need to
acknowledge this diversity and leverage it to better understand the specific cultural and
ecological conditions which foster sustainability over extended timescales. Meta-analyses
integrating large, regional or inter-regional datasets will advance this effort. This endeavor
should also include thoughtful evaluation of how the sustainability concept is applied to
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the archaeological fisheries record. Differing standards and metrics for sustainability mean
that not all demonstrated “sustainabilities” are equal. A more critical, explicit approach to
the definition and measurement of sustainability in ancient fisheries is recommended to
resolve this issue. Ultimately, the value of these demonstrations to contemporary conserva-
tion and fisheries management rests on the ability of archaeologists to provide rigorous
data with the potential for practical application.

There is an undeniable, urgent need for sustainable fisheries solutions for the modern
Caribbean, which is considered among the most overfished regions in the world [87].
Caribbean fisheries production fell 40% between the mid-1990s and mid-2010s, with 55% of
commercial stocks registering as overfished or depleted [87]. The impact of overexploitation
on marine ecology has been exacerbated by pollution, eutrophication, coastal development,
the Diadema antillarum urchin die-off of the 1980s, mass coral mortality due to White Band
Disease and bleaching events induced by warming oceans, and more recently, “brown tide”
Sargassum algal blooms and the Red Lionfish (Pterois volitans) invasion [88–91]. The average
cover of coral reefs, which are integral to supporting fisheries and the food security and
livelihood of Caribbean coastal communities [92], has been more than halved in the last five
decades (from 34.8% to 16.3% between 1970 and 2012) [89]. Archaeological and historical
data offer the ability to chart long-term change in marine environments and the effects
of (over-)fishing in the absence of the above-noted synergistic factors, which characterize
only the last century in five millennia of human-marine entanglements. Knowledge of the
comparative sustainability of Indigenous fishing across the region, in particular, may reveal
important baselines and even the early genesis of the fisheries depletion that characterizes
the Caribbean today.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/su13169152/s1. Supplemental Table S1. Zoorchaeological remains recovered from the Sabazan
site. Supplemental Table S2. Habitat assignments for archaeological fish taxa identified at Sabazan.
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