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A B S T R A C T

Archaeological sites on the coast of Tierra del Fuego, Argentina, provide a biogeochemical record that can
inform us about those ecological dynamics. An abundance of southern fur seal (Arctocephalus australis) and
southern sea lion (Otaria flavescens) remains provide a valuable resource to reconstruct ancient and modern food
webs. To quantify ecological relationships, we measured bulk stable isotope ratios from bone collagen in otariids
and other associated animals, several of which are potential otariid prey. Variations in bulk stable isotope ratios
of carbon (δ13C) and nitrogen (δ15N) are linked to potential dietary differences and habitat specialization be-
tween coastal areas or the open ocean in populations ranging in age from 7000 cal. Years BP to modern. We
observed increases in the variability of these isotopic compositions over time, which suggests a diversity in the
diets and habitats of otariids. Shifts in marine food webs occurred during the transition from subsistence hunting
of otariids to industrial hunting and expanded human influence. We conclude that direct human influences, such
as hunting and habitat alteration, were the major drivers of ecological change in southern South American
marine ecosystems.

1. Introduction

Humans significantly impacted animal populations and food webs
worldwide prehistorically as well as historically (Barnosky et al., 2012).
However, the extent and cumulative impacts at regional scales are less
understood, especially at high latitudes (Hunt et al., 2016). Southern-
most South America is one such region. Researchers studying the Fue-
gian archipelago have yet to come to a consensus on the relative im-
pacts of human and non-human entities on ecological communities
(Saporiti et al., 2014; Bas et al., 2018; Fernández et al., 2018). Fur-
thermore, quantifying these relative impacts is compounded by un-
certainty of ecological responses to disturbance of communities, whe-
ther from humans, abiotic influences, interspecies interactions or the
varying contributions of all three of these factors.

At higher trophic levels, two primary species of marine mammals,
both pinnipeds, are found in southern South American marine ecosys-
tems: The South American sea lion (Otaria flavescens) and the South
American fur seal (Arctocephalus australis) (Vaz-Ferreira, 1978; Bastida
and Rodríguez, 2003; De Carvalho et al., 2018). Most of these otariids
are located within the continental shelf break, with fur seals and sea
lions feeding is shallow waters (Campagna et al., 2001; Riet-Sapriza
et al., 2013; Franco-Trecu et al., 2014).

The objectives of this study are to 1) elucidate dynamics of the
prehistoric marine ecological record, 2) define potential variation
within a population to characterize potential ontogenetic dietary var-
iation, 3) compare the transition between prehistoric and historic
human actions on marine ecology, and 4) compare these human
mediated prehistoric and historic ecological paradigms with the post-
industrial recovery of this ecosystem. We measured stable isotopes in
prehistoric and historic fur seals and sea lions. Unlike previous studies
(Saporiti et al., 2014; Zenteno et al., 2015; Tafuri et al., 2017; Bas et al.,
2018), individuals from more recently excavated and remote sites were
measured to examine temporal gaps in the ecological record. Further-
more, measurement of modern specimens of otariids and potential
dietary components were conducted. We hypothesize that there will be
an increased dependence on offshore predation by fur seals and sea
lions coincident with lower abundance of these species found in ar-
chaeological sites. Furthermore, we expect a similar response in historic
industrial hunted populations, due to coastal pinniped population de-
creases resulting from human hunting practices and habitat encroach-
ment. Both patterns should result in lower δ13C as the reliance on kelp
beds (higher δ13C) would decrease. We expect the isotopic niche size of
otariids to vary with changes in human activities.
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2. Background

The marine food webs of southern South America are supported by
coastal/nearshore kelp forests and open pelagic phytoplankton
(Friedlander et al., 2018). The proximity of this region to the nutrient
rich Southern Ocean and warm waters of the Atlantic Ocean results in
high primary productivity (Garzón et al., 2016). This productivity
supports a rich array of different organisms due to high endemism,
including resident and migratory fish, birds and marine mammals
(Friedlander et al., 2018).

Southern fur seals are generalist species and their diets vary geo-
graphically. Fish and cephalopods make up a majority of their diets,
with a small contribution from crustaceans (Baylis et al., 2018; Casper
et al., 2006; Vales et al., 2015). A. australis and O. flavescens undergo
dietary shifts between different life history stages, much like other
marine mammals (Vales et al., 2015; Zenteno et al., 2015). Fur seals
have a short weaning period within their first year, attaining high
quality protein from milk (Cane et al., 2005). Younger, smaller fur seals
will hunt for prey closer to shore while older, bigger adults have access
to prey from deeper and more distant waters, with some hunting be-
yond the continental shelf break (Drago et al., 2017).

Since fur seals and sea lions are largely generalists, sea lions have
been observed to have a very similar diet to fur seals. However, dietary
specialization has been observed in contemporary contexts, in parti-
cular with common fish and invertebrate species such as merluccid
hakes, octopus, squid and anchovy (Crespo and Pedraza, 2000; Drago
et al., 2017). Ontogenetic intraspecies diet specialization in sea lions
follows a similar pattern to fur seals, where larger more mature in-
dividuals are able to forage farther and deeper than younger individuals
(Drago et al., 2009). Heightened interspecies dietary variation has been
observed in north-eastern extent of the two species ranges but is less
well constrained in southern South America (Drago et al., 2017).
However, the amount of overlap in diets of these two otariids and how
much feeding habits of these animals has changed over time is still an
area of active research.

A variety of investigations into the diets and associated food webs of
South American fur seals and sea lions have shown the importance of
these species in their ecosystems (De Carvalho et al., 2018). Studies of
modern Pinnipeds from gut content, fecal matter and stable isotopic
studies show a variety of potential prey for these predators. However,
each of these types of observations include potential biases (Nielsen
et al., 2018). Stable isotope analyses (SIA) provide an optimal method
for dietary analysis for long time scales and where traditional visual
inspection of dietary items is either difficult or impossible, as in the
species and time scales studied here.

In archaeological specimens, SIA have been applied to both species
of otariids from different populations from different time periods in
southern South America (Zangrando et al., 2014; Drago et al., 2017),
however significant gaps in knowledge remain, specifically due to
limited sample sizes and gaps in time. Zooarchaeological analysis sug-
gests increases in hunting intensity may have led to decreases in body
size of fur seals and sea lions and an increase in the hunting of younger
animals, though SIA indicates that δ13C and δ15N did not vary sig-
nificantly over time (Zangrando et al., 2014; Martinoli, 2018). Further
SIA suggests slight changes in the diets near the end of the archae-
ological sequence (2600 calibrated years BP, (cal yr BP)) with fur seals
feeding on more benthic based organisms coincident with the reduction
observed in body size, which may have been associated with reduced
primary productivity off the coast of Tierra del Fuego (Saporiti et al.,
2014; Vales et al., 2016).

In modern settings, these organisms represent apex predators in
overlapping food webs (Drago et al., 2017). Otaria is known to feed
more prevalently in offshore/pelagic contexts while Arctocephalus ty-
pically is observed feeding nearshore ecosystems, though commonly
feeds pelagically as well (Casper et al., 2006; Drago et al., 2017).

Pinnipeds are vulnerable to direct hunting as well as habitat

encroachment, especially where rookeries are present. Periods of mass
exploitation subject populations to shifts in community dynamics, such
as alterations to interspecific and intraspecific competition, changes in
dispersal and colonization as well as the long-term survival of a species
(Romiguier et al., 2014).

Hunting of pinnipeds ensured the survival of marine hunter gath-
erers of southern South America for thousands of years, between
7500 cal yr BP (calibrated years before present) and the 19th century
(Orquera and Piana, 2009). Pinnipeds, bearing a high energetic and
nutritional density, were valued for subsistence of human populations
and valued for their material resources (Zangrando, 2009). Pinniped
remains are abundant throughout the archaeological record of coastal
marine hunter gatherers and provide a valuable resource for studying
the ecology of this region and its dynamics through several thousand
years (Tivoli and Zangrando, 2011).

Coastal sites have been occupied since at least 8500 cal yr BP, when
open sub-Antarctic forests colonized the south coast of Tierra del Fuego
(Heusser, 1989, 1998; Zangrando et al., 2018). Several distinct in-
digenous groups have populated the Tierra del Fuego region, with the
marine hunter-gatherers occupying the area around the Beagle Channel
(Orquera et al., 2011). The archaeological record indicates that the
early hunter-gatherer populations maintained long-distance interaction
networks along coastal fjords of the Fuegian archipelago in the middle
Holocene and remained nomadic until European contact (Orquera and
Piana, 2009; Orquera et al., 2011). Ethnographic accounts stipulate that
the Yamana would occupy sites along the coast for several weeks, then
travel to new sites via canoe (Lothrop, 1928). They would most com-
monly hunt A. australis with harpoons, which the Yamana could easily
haul in with their canoes (Orquera and Piana, 1999; Martinoli, 2015).
These canoes generally could hold the smaller A. australis individuals,
rather than larger and heavier prey items like male O. flavescens which
could potentially capsize the canoes (Martinoli, 2018). Skeletal remains
of vertebrates found in early Yamana sites show these people tended to
rely almost entirely on A. australis for food (Schiavini, 1993) but
eventually included a more varied diet including fish and guanacos
(Zangrando, 2009).

Pinnipeds were also highly valued in the 18th and 19th centuries by
European colonists for their oil (Kovacs et al., 2012). Many of these
remains have also been recovered and in this study compared to both
more ancient and modern remains, collected after the practice of in-
dustrial seal/sea lion exploitation was banned in 1949 (Grandi et al.,
2015; Romero et al., 2017). Both species face threats today from
competition with fisheries and population depression from recent
hunting, as well as vulnerability to climate change (Kovacs et al., 2012).
Trophic interactions of the current and past populations of these species
remain understudied relative to pinniped species in other parts of the
world due to unevenness in resource allocation for research in southern
South America (Jarić et al., 2015).

3. Materials and methods

3.1. Collection

Samples of Otariids were collected via excavation of shell middens
and from collections at the Centro Austral de Investigaciones
Científicas-Consejo Nacional de Investigaciones Científicas y Técnicas
(CADIC-CONICET). Bones were selected based on associated zooarch-
aeological information, such as species, sex and ages of individuals.
Anatomical factors such as bone type and laterality were also con-
sidered in the identification of sampled individuals. A variety of sites
were chosen, with the Túnel locality containing the highest number of
individuals (Table 1). Sites selected vary temporally and longitudinally
(Fig. 1, Table 1), including Beagle Channel sites such as Túnel I
(7500–4900 cal yr BP and 2200–1600 cal yr BP), Imiwaia I (Zangrando
et al., 2016), Bahía Valentín (BVS11) (5700–4800 cal yr BP) (Borrero,
2010), Ajej I (1400–800 cal yr BP) (Piana et al., 2008), Shamakush I

J.W. Nye, et al. Palaeogeography, Palaeoclimatology, Palaeoecology 554 (2020) 109804

2



(1100–1000 cal yr BP) (Orquera et al., 2011) (Orquera and Piana,
1996), Kaiyawoteha II (690–560 cal yr BP) (Piana et al., 2007), and
Heshkaia 28 (660–560 cal yr BP) (Zangrando, 2010). Atlantic adjacent
sites include Bahía Crossley (3000–1300 cal yr BP) (Horwitz, 1993),
Tres Amigos (prehistoric), and Bahía Thetis (historic) (Vázquez, 2019).
The Tres Amigos and Bahia Thetis sites have not been radiometrically
dated, however stratigraphic and contextual evidence such as presence
or absence of materials associated with European contact are

considered in their designations as prehistoric or historic (Nye et al.,
2018). Modern samples opportunistically collected along the Peninsula
Mitre coastline were measured to represent the post-industrial popu-
lation

Potential prey and comparative species were also collected from
archaeological sites or modern contexts where available. Prey species
(summarized in Table 2) include fish such as the Patagonian grenadier
(Macruronus magellanicus -Merluccid hakes-) and sardines (Sprattus

Table 1
Average stable isotope ratios of nitrogen and carbon of all otariids organized by archaeological site.

Site Cal yr BP (approximate ranges) δ15N (‰) δ13C (‰) C:N ratio n

Mean SD Range Mean SD Range SD

Túnel I (Second Component) 7500–4900 18.2 0.8 5.0 −12.6 1.1 5.1 3.3 0.1 176
Bahía Valentín (BVS11) 5700–4800 20.9 0.9 1.9 −12.9 0.9 2.0 3.7 0.1 4
Bahía Crossley I 3000–1300 18.5 2.1 5.6 −11.7 1.0 2.3 3.6 0.1 6
Túnel I (layer C1) 2200–1600 17.4 1.0 4.0 −12.0 0.6 2.2 3.3 0.2 19
Ajej I 1400–800 16.3 0.7 2.2 −12.5 0.5 1.4 3.5 0.2 7
Shamakush I 1100–1000 17.7 1.6 3.6 −13.4 0.8 1.4 3.3 0.1 4
Kaiyawoteha II 690–560 16.6 0.7 2.5 −12.0 0.7 2.5 3.5 0.2 10
Heshkaia 28 660–550 17.8 1.3 2.7 −14.3 0.5 0.9 3.3 0.0 4
Tres Amigos Prehistoric (not dated) 14.8 6.2 15.4 −16.1 3.6 8.2 3.2 0.2 6
Thetis Bluff Historic (not dated) 19.3 0.9 1.7 −12.5 0.5 0.8 3.2 0.1 3
Bahía Thetis 120–70 17.7 1.6 8.7 −13.7 1.2 6.2 3.5 0.3 91
Peninsula Mitre Post-industrial (not dated) 17.8 3.2 13.1 −13.9 2.5 10.5 3.3 0.2 20

Values for individual species are presented in Tables A1, A2 and A3.

Fig. 1. Distribution of archaeological sites sampled for stable isotope analysis. Most sites are located within the Fuegian archipelago. Sites along the Beagle Channel
are terrestrially influenced while Atlantic Coast sites are associated with more open waters of the productive Malvinas/Falkland current.
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fuegensis, Clupidae), derived from the archaeological sites Túnel I and
Imiwaia (7800–5700 cal yr BP), and Shamakush I (1100–1000 cal yr
BP). A prey species observed in modern fur seal and sea lion diets,
Patagonian squid (Loligo gahi), do not occur in archaeological sites but
were collected from a local fish market in Ushuaia for comparison.
Representing a coastal endmember species, Imperial shag (Phalacro-
corax atriceps) were collected from Túnel I, Imiwaia I, Bahía Crossley I,
Shamakush I, and Kaiyawoteha II. Finally, four blades of giant kelp
(Macrocystis pyrifera) were collected from Harberton Bay, Bahía Thetis,
and Tres Amigos locality.

3.2. Preparation

Bone samples were demineralized and purified into collagen by
suspending 0.5–1 g of samples in 5ml 0.5M HCl, which was refreshed
every 24 h until completely demineralized or up to a week. Samples
were then suspended in 5ml 0.1M NaOH to remove humic acid con-
taminants and refreshed daily until the solution was transparent
(Schlacher and Connolly, 2014; Sealy et al., 2014). Collagen psuedo-
morphs were dried at 50 °C, followed by weighing 0.5–1.0mg into a
3× 5 mm tin boat, then combusted on a Costech EA interfaced with
Conflo IV into a Thermo Delta V Plus IRMS at the UC Merced Stable
Isotope Laboratory and a Thermo Delta V Advantage at the UC River-
side EDGE Laboratory for bulk carbon and nitrogen stable isotope
analysis. If samples returned C:N ratios higher than expected for col-
lagen (> 4), samples were treated for lipid extraction using a 2:1
chloroform methanol solution and re-analyzed (van Klinken, 1999).
Kelp blades and squid muscle were washed, dried and weighed into tin
boats in a similar manner to collagen samples. All samples are sum-
marized in Table 2.

Stable isotope geochemistry has been well established as a method
for identifying marine trophic relationships (Zangrando et al., 2014;
Newsome et al. 2010; Boecklen et al., 2011). Stable isotopes fractionate
as organic matter is metabolized via enzymatic reactions, with heavier
isotopes becoming more abundant in higher trophic levels. SIA can be
applied to many different types of tissues, however bone collagen re-
presents an excellent resource for representation of animal diets over
several years of the animal's lifespan due to its long turnover rate, while
often being the only available tissue in archaeological sites (Ambrose
1990). Stable isotopic measurements are reported in delta notation,
which relates the ratio of the heavy to light isotope in the sample to a
standard. Values are expressed in parts per mil (Eq. (1)).
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Xj represents the heavy isotope and Xi the lighter isotope of carbon
or nitrogen. δ13C values show habitat preferences and trophic levels,
while δ15N values show changes in ocean productivity over time as well
as trophic position (Boecklen et al., 2011; Bastos et al., 2017). Isotope
values were corrected to international standards, Vienna-Pee Belemnite

Limestone for carbon and atmospheric N2. Internal standards used to
correct for drift and linearity were acetanilide, glycine, and USGS 42.
Average values for internal standard replicates for δ15N of acetanilide at
both laboratories were 0.38‰, 11.45‰ for glycine, and 0.40‰ for
USGS 42 while standard deviations were 0.26‰ for acetanilide, 0.35‰
for glycine and 0.20‰ for USGS 42. For δ13C, replicates of acetanilide
had averages of −28.27‰, for glycine, −36.05‰, and for USGS
42–20.92‰ while standard deviations for acetanilide were 0.20‰, for
glycine 0.14‰, and for USGS 42, 0.12‰.

Data were then compared in R (Core Team, 2018) to identify po-
tential within population sex or age differences using non-parametric
Kruskal–Wallis ANOVA tests, which do not assume a normal distribu-
tion of data (Bastos et al., 2017). Similar tests were also employed to
compare otariids at different time periods (prehistoric, historic and
modern). Stable Isotope Bayesian Ellipses in R (SIBER, Jackson et al.,
2011) and Food reconstruction using isotopic transferred signals
(FRUITS, Fernandes et al., 2014) were used to model food web dy-
namics. Groups of organisms were dived into three discrete groups to
compare communities across different time periods (early prehistoric,
late prehistoric, and modern). This was done to supply the SIBER
mixing model with a sample sizes for organisms that would encourage
higher degrees of confidence for tandard Ellipse Areas (SEAs). Linear
regression models and Kendall rank correlation tests were performed to
identify any potential relationships between variables. Pairwise Wil-
coxon and Kruskal–Wallis similarity indices were applied to identify
differences between means for groups rather than t-tests and ANOVA
since Shapiro tests showed sample groups were not normally dis-
tributed (Fig. 2).

4. Results

4.1. Interspecific carbon and nitrogen isotopic compositions and differences

Isotopic values for most of species we measured showed significant
overlap in both carbon and nitrogen isotopic space (Table 2 and Fig. 3).
Kendall Rank correlations were unable to resolve differences between
fur seals, sea lions, imperial shag, and Merluccid fish (Table 3). Only
Patagonian squid had δ15N (11.3 ± 0.9, p < .0003) and δ13C
(−17.6 ± 1, p < .0002) that were more negative than the organisms
above. Sardines also had δ15N values (12.5 ± 1) that were different
but similar in terms of δ13C. Kelp showed a very large range in δ13C,
primarily due to a single outlier, with the other three kelp samples
clustering around −12.5‰. δ15N values for kelp were the lowest
measured and did not vary between individuals at around ~6‰.

4.2. Spatial and temporal site differences in otariids

Although there were few significant differences in mean values
among species, significant variations in δ15N and δ13C in fur seals and
sea lions were observed between different time periods and longitude.
Kruskal–Wallis measures and Kendall rank correlations comparing δ13C

Table 2
Average nitrogen and carbon stable isotope ratios with corresponding carbon to nitrogen ratios, an indicator of preservation quality, in animals analyzed for stable
isotope ratios.

Species Common name δ15N (‰) δ13C (‰) C:N ratio n

Mean SD Range Mean SD Range SD

Otariids Arctocephalus australis South American fur seal 18.1 1.1 10.9 −12.6 1.2 9.1 3.3 0.2 201
Otaria flavescens South American sea lion 17.8 2.0 13.3 −13.5 1.6 11.7 3.5 0.3 126
Unidentified – 16.7 2.8 13.3 −13.2 2.0 8.6 3.4 0.2 23

Fish Macruronus magellanicus Patagonian grenadier 17.2 0.6 2.1 −13.6 0.6 2.3 3.5 0.2 13
Clupeidae spp. Sardine 12.5 1.0 3.7 −13.6 0.6 2.4 3.5 0.1 19

Birds Phalacrocorax atriceps Imperial shag 17.5 2.0 8.7 −12.1 0.8 3.5 3.5 0.2 17
Invertebrates Loligo gahi Patagonian squid 11.3 0.9 2.2 −17.6 1.0 2.5 4.3 0.6 5
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with mean age and longitude of archaeological sites were both sig-
nificant, suggesting carbon isotopic values decrease over time. (Table 3,
p-values< .05). Kendall rank correlation τ coefficients are non-zero
indicating dependence between archaeological sites and δ13C. A posi-
tive τ coefficient of 0.29

shows δ13C values decrease in otariids as time progresses toward the
present (Table 3). Similarly, δ15N expresses significant variation over
time as confirmed by these two statistical tests (Table 3). The Kendall
rank correlation τ coefficient is similarly positive suggesting δ15N va-
lues decrease as time progresses. A τ coefficient of 0.13, however, in-
dicates that the strength of this correlation is less than that for carbon.
Spatially, a τ coefficient of −0.33 shows a strong correlation of de-
creasing δ13C from samples collected at sites from east from the Beagle
Channel out to the Atlantic Ocean. The δ15N, on the other hand, shows
disagreement between the two statistical measures employed here.
While longitude of archaeological site significantly varies with δ15N
values, no significant correlation is observed (Table 3).

To visualize differences in isotopic ratios of otariids between in-
dividual archaeological sites, that vary both in their location and in age
of deposition (Table 1), we made density plots to compare probability
distributions of nitrogen isotopic ratios (Fig. 4) and carbon isotopic
ratios (Fig. 5). δ15N of the different sites tend to have higher prob-
abilities of falling within a smaller range of values (Fig. 4) than for δ13C
(Fig. 5) despite an apparent larger absolute range of values for δ15N
(Table 1). On the other hand, the probability of an otariid's δ13C falling
within a more constrained range is lower. Ultimately the range of the
probability distribution in ‰ increases with the number of samples per
site, so extremely high-density probabilities for sites with fewer in-
dividuals may be biased by a small sample size (Table 1).

4.3. Population dynamics

We found significant differences and correlation between the two
otariid species in their δ13C values, but not for δ15N values. Carbon
isotopic measurements were significantly more negative in sea lions (O.

flavescens) than in fur seals (A. australis) as indicated by a Kendall rank
correlation of 0.29 (Tables 1 and 3). Conversely, no significant differ-
ences between species were indicated by a Kruskal–Wallis test and
Kendall rank correlation in δ15N (p-values> .05, Tables 1 and 3). We
also found the age class of individuals are not significantly related or
correlated with nitrogen isotopic values (Table 3). Age class of in-
dividuals may be weakly correlated with their δ13C values (τ=0.12),
however a Kruskal–Wallis test did not show significant variation be-
tween the two variables. No significant variation or correlation was
found in δ13C and sexes of individuals, however a weak correlation
(τ=0.12) and significant variation was observed in δ15N and sexes of
individuals (Table 3).

To assess potential isotopic variability without the complications of
location, we measured 164 individuals from the archaeological site
with the most abundant fur seal remains (Túnel I), Fig. 2, Tables 1 and
4). Mean δ15N values showed no significant differences for any age
class. Variations in δ15N values, however, ranged by 4.3‰
(16.1–20.3‰) and were observed in all age categories from pups to
adults. A Kruskal–Wallis comparison of mean δ15N values suggests no
significant differences between age categories (p= .57), and a Kendall
rank correlation likewise suggests no significant differences (p= .99).
Male adults had the highest maximum δ15N values and pairwise Wil-
coxon tests suggest significant variation between mean values of male
and female adult fur seals (p= .032). Variation in δ13C was significant
as well, with a range of 4.5‰ and varied similarly between different
age categories. We observed significant variation between means of age
using Kruskal–Wallis tests (p= .0051). The two age groups with the
most variable means included juveniles, who had more negative δ13C
values, and adults, who were most positive in δ13C (p= .0076). Like
nitrogen, we observed no significant differences between mean values
of δ13C between males or females using a Kruskal–-Wallis comparison
(p= .91) and Kendall rank correlation highlighted no differences
(p= .95).

Fig. 2. (a) The distribution of A. australis individuals divided
by sex found at the site Túnel I that are ideal for stable isotope
analysis (Schiavini, 1993). The majority of individuals hunted
are males. (b) The life history development stage age ranges
in age for A. australis from Lima and Paez (1997). Males and
females mature at different rates, with females reaching
adulthood before males.
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4.4. SIBER, FRUITS – food web/trophic dynamics

Using the SIBER Bayesian analysis package in R, we calculated
several metrics to quantify the isotopic niche sizes of otariids (Figs. 6
and 7, Table 5). The two different species show different patterns, with
both species having small areas in the early prehistoric, sea lions having
much greater ellipse areas than fur seals in the late prehistoric, and both
species having nearly equivalent areas in the historic/modern time
period.

We calculated the ellipse areas and convex hull areas of total
community size from the same time periods using data from the wider

food web (Table 2) based on the ellipse areas calculated from nitrogen
and carbon isotope values (Fig. A2). Different time periods show sig-
nificant differences in the standard ellipse and convex hull areas. The
community from the earliest time period had the highest convex hull
area while the modern period had the most potential variation in area.
Uncertainty in convex hull area shows significant overlap between
these two time periods. The community between 3000 and 500 cal yr
BP has fewer unique organisms present, and the resulting calculation is
a very low value convex hull area likely underestimating a realistic
estimate of community size (Fig. A2).

Fig. 3. Carbon and nitrogen isotopic space of all organisms (see Table 1) organized by species for over the entire time period, from Northrippian to modern. Ellipses
represent 95% confidence intervals. More negative δ13C values indicate offshore dominated influence while more positive indicate nearshore influence. δ15N largely
indicates trophic level for these organisms. Overlapping ellipses in both carbon and nitrogen space indicate little separation between secondary consumers, while
primary consumers show little overlap. Individuals are not diet corrected.
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Table 3
Summary of statistical tests to determine significance of different variables on carbon and nitrogen isotopic ratios of otariids (A. australis n=201, O. flavescens
n=126).

δ13C

Kruskal–Wallis test Kendall rank correlation

p-Value Significance (< 0.05) p-Value Significance (< 0.05) τ Correlation strength

Age of individual .07 not significant .03 * 0.12 *
Sex .95 not significant .95 not significant 0.00 not correlated
Species (O. flavescens vs. A. australis) < .001 * < .001 * 0.29 **
Mean age of archaeological site < .001 * < .001 * 0.29 **
Longitude of archaeological site < .001 * < .001 * −0.33 ***

δ15N

Kruskal–Wallis test Kendall rank correlation

p-Value Significance (< 0.05) p-Value Significance (< 0.05) τ Correlation strength

Age of individual .12 not significant 1.00 not significant <0.001 not correlated
Sex .05 * .05 * 0.12 *
Species (O. flavescens vs. A. australis) .25 not significant .25 not significant 0.05 not correlated
Mean age of archaeological site < .001 * .00 * 0.13 *
Longitude of archaeological site < .001 * .46 not significant 0.03 not correlated

Carbon isotopic ratios significantly varied or correlated between species and between mean age and longitude of archaeological sites while nitrogen isotopic values
significantly varied or correlated between different sexes and mean age of archaeological sites.
Significance for the Kruskal–Wallis tests and Kendall rank correlations are marked with an asterisk. The level of correlation strength (defined by tau) of the Kendall
rank correlation is indicated by the number asterisks, with more asterisks indicating stronger correlation.

Fig. 4. Density plot of nitrogen isotopic values in otariids divided by archaeological site. Sites are ordered by mean radiocarbon age with more recent sites in the
foreground. While some sites show dense clustering of sampled individuals, this may be an artifact of small sample sizes for these sites. Overall, there is significant
overlap in δ15N between sites.
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5. Discussion

Both species of otariids as well as many other organisms found in
coastal Tierra del Fuego have similar isotopic niche spaces (Table 2 and
Fig. 3). Squid (L. gahi) and sardines (clupeidae) are the only groups of
organisms that essentially do not overlap with each other in isotopic
niche space and are largely separate from other species in nitrogen
isotopic space while being roughly similar to each other. We interpret
the wide range in δ13C values as a continuous range between offshore
(phytoplankton, −21‰) and nearshore (kelp forest, −11.7‰) eco-
systems (Riccialdelli et al., 2017). Sardines and squid represent lower
trophic level organisms that reflect reliance on carbon routed through
different primary producer biochemical pathways.

Otariids are the most diverse in their ranges for δ13C. Sea lions, O.
flavescens, clearly show reliance on both offshore and nearshore pri-
mary producers, while fur seals, A. australis, have δ13C more biased
toward nearshore ecosystems, though still derive carbon from a mix of
offshore and nearshore sources (Table 2). Patagonian grenadier (M.
magellanicus) also have intermediate δ13C values indicative of their
being reliant on a mix of nearshore and offshore carbon. On the other
hand, Imperial Shag (P. atriceps) has δ13C values that indicate a firmer
reliance on nearshore carbon. Despite differences in carbon sources,
representing different primary producers, all four of these species have
a similar trophic level, as indicated by their overlapping nitrogen iso-
topic values (Table 2 and Fig. 3). These findings are consistent with
modern day observations of these species (Bas et al., 2018).

The abundance of fur seal remains at the oldest site, Túnel I,
(Table 2 and Fig. 2), provides enough samples to characterize the po-
pulation and ontogeny in a middle Holocene population of fur seals.
The presence of more males than females suggests that this locality was
not directly adjacent to a breeding colony (Schiavini, 1993), as females
are more often associated with rookeries while males are observed to
travel more broadly (Carrara, 1952; Siielefeld et al., 1978; de Lima
et al., 2019). This observation is supported by the abundance of older
individuals as well. Fewer pups and yearlings are observed in the data
set (Schiavini, 1993). While some might argue that these individuals
may have been selected preferentially by humans evidence points to
butchering of larger animals before transport, allowing them to be
transported to shore (Cárdenas-Alayza et al., 2017; Martinoli and
Vázquez, 2017).

Isotopically, we observe several differences between age class and
sex (Fig. 3). Pups reflect the diets of their mothers, while yearlings and

Fig. 5. Density plot of carbon isotopic values in otariids. Sites are ordered by mean radiocarbon age with more recent sites in the foreground. More recent sites show
large ranges in δ13C values and significant overlap is observed in all sites over time.

Table 4
Average stable isotope ratios by ontogenetic age class of fur seals (A. australis)
from Tunel 1.

Sex Age class δ15N (‰) δ13C (‰) C:N ratio n

Mean SD Range Mean SD Range SD

NA pup 18.2 1.0 2.4 −12.5 1.4 3.4 3.3 0.1 5
NA juvenile 18.1 0.8 4.1 −13.1 1.2 4.1 3.2 0.1 38
F sub-adult 17.5 1.1 2.3 −11.8 0.3 0.6 3.5 0.3 3
M sub-adult 18.4 0.9 3.4 −12.7 1.0 3.8 3.3 0.1 38
F adult 17.9 0.3 1.0 −12.5 0.8 2.3 3.2 0.1 10
M adult 18.4 0.8 4.1 −12.5 1.0 4.2 3.3 0.2 54

Few differences were observed between individuals of different age classes. The
only statistically significant difference was observed between juveniles and
adult fur seals in δ13C values (Wilcoxon, p= .0076).
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juveniles, restricted in hunting ability and prey sources, show lower
δ15N values than adults that can forage for larger, more difficult to hunt
prey from a broader array of sources. δ13C values are represented in a
continuous range between offshore (phytoplankton, −21‰) and
nearshore (kelp forest, −11.7‰) sources in adults, where they are
unrestricted in hunting habitat (Riccialdelli et al., 2017). Yearling and
juvenile δ13C values tend to cluster in groups associated with either
nearshore or offshore diets, indicating that these individuals foraged in
one or the other habitat rather than in both habitats as adults. Ulti-
mately, we observe ontogenetic variation within a single community
several thousand years ago that is not unlike modern communities.

Primary producers, including the two most significant contributors
in the Fuegian marine ecosystem, phytoplankton and kelp (Riccialdelli
et al., 2017), will vary in biomass production from nutrient and energy
supplies. Changes in climate affect the base of the food web, which can
result in a potential baseline shift, in which isotopic values at the lower
trophic levels are offset and are reflected in higher trophic levels (Casey
and Post, 2011; Bas et al., 2018). The results from our study indicate

Fig. 6. Standard Ellipse Areas for southern fur seals (A. aus-
tralis) (n= 204) and generated through SIBER using δ13C and
δ15N. Samples were divided into three time periods by mean
ages of sites, Northgrippian (6200–5820 Cal yr BP), Early
Meghalayan (2150–625 Cal yr BP), and Meghalayan/Modern
(150–50 years BP) to ensure adequate sampling size for
modeling. Boxes represent confidence intervals of 50, 75 and
95% while points represent the means. Red Xs represent the
estimated SEAc metric, a correction for potential biases due to
sample size (Jackson et al., 2011).

Fig. 7. Standard Ellipse Areas for southern sea lions (O. fla-
vescens) (n=126) as generated through SIBER using δ13C and
δ15N. Samples were divided into three time periods by mean
ages of sites, Northgrippian (6200–5820 Cal yr BP), Early
Meghalayan (2150–625 Cal yr BP), and Meghalayan/Modern
(150–50 years BP) to ensure adequate sampling size for
modeling for both species. Boxes represent confidence inter-
vals of 50, 75 and 95% while points represent the means. Red
Xs represent the estimated SEAc metric, a correction for po-
tential biases due to sample size (Jackson et al., 2011).

Table 5
Niche area calculations for the two species of otariids.

Early prehistoric Late prehistoric Historic/Modern

Sea lion (n) (10) (9) (107)
Convex Hull Area
(‰2)

5.9 32.1 55.0

SEA (‰2) 3.6 18.4 7.2
SEAc (‰2) 4.0 21.0 7.3

Fur seal (n) (165) (32) (4)
Convex Hull Area
(‰2)

14.4 11.4 5.0

SEA (‰2) 2.8 3.3 6.3
SEAc (‰2) 2.8 3.4 9.4

While convex hull area is very sensitive to smaller sample sizes, SEA and SEAc
are less so. Sea lions (O. flavescens) show increases in niche area sizes within the
Northgrippian, and decrease from the transition from Meghalayan to modern.
Niche areas in fur seals (A. australis) generally increase over time.
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that changes in isotopic values can be explained by 1) a shift in base-
line, 2) a change in food chain length or 3) shifts in competition be-
tween populations or species. The lack of directional change in nitrogen
values suggests scenario 2 is unlikely. Scenario 3 seems to be a likely
explanation as we see significant dynamics in the otariid species' iso-
topic niche areas. Scenario 1 represents a complex dilemma related to
changes in productivity and geographic space that cannot be explained
by data in this study alone.

Environmental change has long been regarded as a driver of eco-
logical change (Prevosti and Forasiepi, 2018). Climate change events
have had notable effects on food webs throughout the Holocene in
various parts of the world, especially in high latitude regions. In the
Southern Hemisphere notable changes are seen in the Ross Sea and the
Antarctic Peninsula (Koch et al., 2019) though near the coast of South
America sea surface temperatures have remained at a relatively stable
warm state except for a minor cooling event ~5 cal kyr BP and more
recent cooling in the last 1000 years (Caniupán et al., 2014; Bas et al.,
2018). Several papers have advanced the idea that environmental
baseline shifts are the proximate cause for variation in carbon and ni-
trogen isotopic values in higher trophic level organisms in the pre-
historic time period (7500–250 cal yr BP). Saporiti et al. (2014) found a
steady depletion in δ18O values from Beagle Channel limpets until the
Little Ice Age (500 cal yr BP), a period associated with higher primary
productivity. Changes in the sub-Antarctic marine food web of Tierra
del Fuego, with dynamics in the presence or absence of fish species,
such as snoek (Bas et al., 2018). Isotopic values returned to those
previously observed shortly thereafter owing to lower productivity with
the termination of this climatic event, from ~0.1‰ to 0.25‰. These
observations are consistent with δ15N obtained from pinnipeds in our
study which shifted from 18.2‰ to 17.8‰ (Table 1 and Fig. 4).

While one could speculate about pinnipeds in a similar fashion, the
δ15N values measured in pinnipeds are complicated by the more varied
prey sources, including prey from both the coast and open ocean.
Changes in productivity could be attenuated or routed directly through
the length of the food web and reflected in high trophic level organisms.
The large ranges in both carbon and nitrogen values in measured
otariids support this, where there could be significant individual spe-
cialization. The former case cannot be discounted as spikes in pro-
ductivity could be mediated in intermediate trophic levels through re-
source partitioning via shifts in species interactions, for example. Using
more advanced types of analyses like compound specific stable isotope
analysis may elucidate the long term ecological patterns of South
American otariids (Nielsen et al., 2018).

In southern South America marine ecosystems, it has been suggested
that changes in sea level and sea surface temperature have been linked
to changes in productivity in the Holocene (Saporiti et al., 2013;
Caniupán et al., 2014). However, our results suggest that these changes
have not appeared to affect trophic level, with apparent little change
over time in δ15N values (0.4‰, Table 2, Figs. 4, 7 and8). The more
apparent and significant changes occur in carbon isotopic niche space,
which is more closely associated with habitat regime. Significant
changes in productivity could appear as a change in trophic level, as a
more complex food web would offer more opportunity for a longer food
chain length (Young et al., 2013). Higher productivity may very well
shorten food chain length as predators take advantage of a more readily
available basal resource (Doi and Hillebrand, 2019). In any case a lack
of change in either direction of trophic level indicates potential pro-
ductivity changes were not significant for otariids. A more likely ex-
planation for dynamic changes in isotopic niches of otariids is direct
human activities forcing changes in otariid habitat. The observation of
decreasing δ13C values in the prehistoric time period agrees with our

hypothesis that seals are foraging more offshore, even when con-
sidering potential climatic effects. It should be noted however that this
decreasing trend of mean values of archaeological sites is most notable
in the latest 2500 years (Fig. 8a).

Variation in both carbon and nitrogen isotopic values in the historic
and modern time periods likely reflect ecological trends influenced by
human activities, e.g. hunting, rather than climate or changes in pro-
ductivity. Due to industrial hunting and habitat encroachment, a
competitive release where niches that were human-impacted previously
were liberated and available for otariid foraging. A significant popu-
lation bottleneck introduced by industrial sealers in the 19th and 20th
centuries may have allowed for subsequent increased dispersal after
hunting was banned. A lack of interspecific and intraspecific competi-
tion likely allowed otariids to forage in previously crowded environ-
ments, despite less coastal habitat. With less intraspecific and inter-
specific competition between pinnipeds, individuals could forage in
larger niche spaces. This interpretation appears to confirm our second
hypothesis that niche size increased over time, though we were not
expecting such large variations within the modern population.
Regardless, the historic and modern populations represent the most
dynamic in isotopic niche space values, coincident with greater human
influence on the Fuegian marine ecosystem.

6. Conclusions

In contrast with some previous findings from archaeological, his-
toric, and modern ecological analyses, we find little evidence of cli-
matic variation affecting higher trophic level organisms from the
middle Holocene to the near present. In this region and during the last
7500 years, climatic variation pales in comparison to direct human
influences on the marine ecosystems in the Fuegian archipelago. In
contrast to our expectation that otariids would increase their trophic
level over time, we see little evidence of that change. However, the
range of dietary sources and habitats in which otariids forage increases
dramatically as time progresses toward the present. This observation is
congruent with our hypothesis that human impacts, in both hunter-
gatherer and industrial societies, have altered species interactions in
coastal Tierra del Fuego. The processes of human hunting of pinnipeds,
through prehistory to historical time periods, and habitat encroach-
ment, which continues from prehistory to the present day, have resulted
in significant variations in the diets of pinnipeds, most significantly
within the past several hundred years.
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Fig. 8. Overlain violin plots of (A) carbon and (B) nitrogen isotopic ratios of otariids organized by mean year of site age. Longitude is represented by colour with
lighter blue farther east and black/grey farther west. 25th, 50th and 75th percentile lines are represented on each violin. Linear regression model of means between
each site indicate a weak correlation between site age and δ13C values (r2= 0.11 for all sites and r2= 0.2 for sites less than 2500 yr BP). There was no correlation
between site age and δ15N values (r2= 0.03 for all sites and r2=−0.006 for sites less than 2500 yr BP). (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)
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Appendix

Fig. A1. Stable isotopic values of (a) carbon and (b) nitrogen in otariids organized by longitude. Kendall rank correlation and linear regression show a significant
relationship (p < .001) and a weak negative correlation between longitude and δ13C (r2= 0.15) of otariids while δ15N and longitude show no significant re-
lationship.
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Fig. A2. Convex hull areas, an indicator of community size, of all archaeological sites (7500–4800 cal yr BP, 3000–500 cal yr BP) compared to all modern sites
(120–70 cal yr BP, historic and post-industrial). While average convex hull area is less in the modern community, there is much higher variation in modern car-
bon‑nitrogen isotopic space. Hull area is also much smaller in the intermediate time span, perhaps suggesting less dynamic isotopic niches during this time. Convex
hull area is susceptible to small sample size so standard ellipse area (SEA) measurements may more accurately quantify niche size between groups (see Table 5).

Table A1
All bulk δ15N and δ13C measurements of otariids.

Sample ID δ15N (‰) δ13C (‰) C:N ratio Species Sex Age Class Site Latitude (°S) Longitude (°W) Site age

MD-AA-LJ 10.8 −19.5 3.1 Aa NA juvenile Beagle Channel −54.64 −65.25 Modern
MD-Aa-bCap-2 19.4 −13.4 3.1 Aa NA NA Beagle Channel −54.64 −65.25 Modern
Mod-A1315-cran 18.4 −12.9 3.1 Aa NA NA Beagle Channel −54.64 −65.25 Modern
Md-A4-RNP-2858 15.7 −15.4 3.3 Aa NA NA Beagle Channel −54.64 −65.25 Modern
MD-OF-FLA2 16.4 −13.3 3.1 Of F adult Beagle Channel −54.64 −65.25 Modern
MD-OF-L2 20.8 −12.0 3.2 Of NA sub-adult Beagle Channel −54.64 −65.25 Modern
MD-OF-L1 16.9 −12.4 3.4 Of NA sub-adult Beagle Channel −54.64 −65.25 Modern
MD-OF-R 18.6 −12.0 3.4 Of NA sub-adult Beagle Channel −54.64 −65.25 Modern
MD-OF-L3 17.5 −13.2 3.7 Of NA sub-adult Beagle Channel −54.64 −65.25 Modern
MD-OF-L4 17.4 −14.1 3.7 Of NA sub-adult Beagle Channel −54.64 −65.25 Modern
Md-OF-FLA1 19.9 −14.4 3.1 Of F adult Beagle Channel −54.64 −65.25 Modern
Md-Of-MLA 17.4 −11.6 3.3 Of M adult Beagle Channel −54.64 −65.25 Modern
MD-OF-MRA 18.5 −13.2 3.4 Of M adult Beagle Channel −54.64 −65.25 Modern
MD-OF-FRA 17.7 −12.8 3.5 Of F adult Beagle Channel −54.64 −65.25 Modern
MD-OF-LJ 20.1 −13.6 3.4 Of NA juvenile Beagle Channel −54.64 −65.25 Modern
Md-OF-LSA 17.6 −12.8 3.1 Of NA sub-adult Beagle Channel −54.64 −65.25 Modern
Md-Of-Cran 10.0 −22.1 3.3 Of NA NA Beagle Channel −54.64 −65.25 Modern
MD-Of-scap-M7 22.5 −13.7 3.3 Of NA NA Beagle Channel −54.64 −65.25 Modern
Md-Of-Seap-1 18.5 −13.5 3.3 Of NA NA Beagle Channel −54.64 −65.25 Modern
Md-Of-Pelvis-9anos 23.0 −12.4 3.5 Of NA adult Beagle Channel −54.64 −65.25 Modern
T-27 18.0 −12.7 3.1 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-27 18.4 −12.7 3.1 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-6 18.2 −13.1 3.1 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-6 18.6 −13.1 3.1 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-69 18.9 −12.4 3.1 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-74 17.9 −14.5 3.1 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-78 18.9 −11.9 3.2 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-18 19.6 −12.6 3.2 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-18 20.0 −12.6 3.2 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-24 19.5 −12.9 3.2 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-24 19.9 −12.9 3.2 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-79 18.0 −12.6 3.2 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-87 18.1 −10.8 3.2 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-81 18.9 −12.9 3.2 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-86 19.5 −12.4 3.2 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-29 18.6 −12.8 3.2 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-29 19.1 −12.8 3.2 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-82 17.9 −12.8 3.3 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-26 17.1 −13.7 3.3 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-26 17.5 −13.7 3.3 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-102 16.1 −12.0 3.3 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-41 17.5 −12.7 3.3 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-83 18.7 −12.4 3.3 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-47 16.8 −12.9 3.3 Of NA NA Thetis -54.64 -65.25 1940-1950 AD

(continued on next page)
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Table A1 (continued)

Sample ID δ15N (‰) δ13C (‰) C:N ratio Species Sex Age Class Site Latitude (°S) Longitude (°W) Site age

T-7 16.8 −13.4 3.4 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-7 17.3 −13.4 3.4 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-fem-9 17.2 −13.0 3.4 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-43 18.3 −12.4 3.4 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-fem-14 15.5 −13.3 3.4 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-fem-8 17.7 −12.6 3.4 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-15 19.9 −13.3 3.4 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-15 20.3 −13.3 3.4 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-fem-7 19.6 −12.3 3.4 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-fem-21 18.6 −12.8 3.4 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-fem-15 16.6 −13.2 3.4 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-fem-20 15.0 −14.1 3.4 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-fem-19 18.5 −13.1 3.4 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-12 18.7 −13.7 3.4 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-12 19.1 −13.7 3.4 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-63 21.1 −12.1 3.4 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-fem-12 20.2 −11.6 3.4 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-97 17.9 −12.8 3.4 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-94 17.0 −12.9 3.5 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-48 18.1 −13.2 3.5 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-fem-13 17.6 −14.2 3.5 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-54 17.2 −15.2 3.5 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-fem-17 19.1 −13.2 3.5 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-fem-5 19.4 −12.9 3.5 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-84 14.9 −12.7 3.5 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-fem-2 17.9 −12.7 3.5 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-fem-16 20.6 −12.5 3.5 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-25 18.6 −13.8 3.5 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-25 19.1 −13.8 3.5 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-90 14.9 −13.4 3.5 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-fem-6 15.4 −13.2 3.5 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-98 13.6 −14.2 3.5 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-71 19.4 −14.9 3.6 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-103-01 15.2 −13.6 3.6 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-17 17.7 −14.8 3.6 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-17 18.2 −14.8 3.6 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-fem-18 15.9 −13.6 3.7 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-95 18.0 −13.8 3.7 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-49 17.2 −14.4 3.7 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-75 16.8 −14.4 3.7 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-67 18.9 −15.7 3.8 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-99 14.7 −14.6 3.8 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-96 17.8 −13.8 3.8 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-13 17.5 −14.8 3.8 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-13 18.1 −14.8 3.8 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-51 18.5 −13.2 3.8 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-11 17.3 −14.8 3.8 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-11 17.8 −14.8 3.8 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-16 17.8 −15.8 3.9 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-16 18.3 −15.8 3.9 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-52 17.4 −16.4 3.9 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-101-Real 18.0 −14.7 3.9 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-22 12.4 −15.6 3.9 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-37 17.6 −14.8 3.9 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-10 16.0 −15.0 3.9 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-10 16.6 −15.0 3.9 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-4 15.4 −15.6 3.9 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-4 16.0 −15.6 3.9 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-2 16.4 −16.9 3.9 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-93 18.8 −14.9 3.9 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-77 17.7 −16.0 3.9 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-91 14.1 −15.3 3.9 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-46 17.7 −14.6 3.9 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-66 15.9 −14.8 3.9 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-50 16.4 −16.0 4.0 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-23 16.3 −14.7 4.0 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
T-23 16.9 −14.7 4.0 Of NA NA Thetis -54.64 -65.25 1940-1950 AD
TH-3 19.1 −12.8 3.3 NA NA adult Thetis Bluff −54.64 −65.25 Historic
TB-2 20.2 −12.0 3.1 NA NA juvenile Thetis Bluff −54.64 −65.25 Historic
TB-1 18.6 −12.7 3.2 NA NA juvenile Thetis Bluff −54.64 −65.25 Historic
SH 1765 16.6 −13.9 3.2 Aa NA sub-adult Shamakush −54.85 −67.85 1100–1000 BP
SH 1655 19.8 −12.7 3.3 Aa NA sub-adult Shamakush −54.85 −67.85 1100–1000 BP
SH 1751 16.2 −14.1 3.4 Aa NA sub-adult Shamakush −54.85 −67.85 1100–1000 BP
SH 1511 18.1 −12.7 3.5 Aa NA sub-adult Shamakush −54.85 −67.85 1100–1000 BP
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Table A1 (continued)

Sample ID δ15N (‰) δ13C (‰) C:N ratio Species Sex Age Class Site Latitude (°S) Longitude (°W) Site age

2705 16.5 −11.9 3.4 NA M juvenile Ajej 1 −54.84 −68.36 1400–800 BP
2020 16.1 −12.6 3.9 NA M juvenile Ajej 1 −54.84 −68.36 1400–800 BP
1031 17.7 −13.3 3.5 NA M sub-adult Ajej 1 −54.84 −68.36 1400–800 BP
2174 16.2 −12.0 3.4 NA M NA Ajej 1 −54.84 −68.36 1400–800 BP
3084 15.5 −12.9 3.5 NA M NA Ajej 1 −54.84 −68.36 1400–800 BP
1405 16.0 −12.4 3.5 NA NA NA Ajej 1 −54.84 −68.36 1400–800 BP
2629 16.2 −12.2 3.5 NA M NA Ajej 1 −54.84 −68.36 1400–800 BP
13,225 20.2 −13.0 3.5 Aa NA pup Bahia Valentin −54.89 −65.46 1500–1120 BP
11,275 20.0 −11.5 3.9 Of F juvenile Bahia Valentin −54.89 −65.46 1500–1120 BP
10,246 21.8 −13.6 3.6 Of NA pup Bahia Valentin −54.89 −65.46 1500–1120 BP
10,246 21.5 −13.4 3.7 Of NA pup Bahia Valentin −54.89 −65.46 1500–1120 BP
35,880 17.0 −11.8 3.2 Aa M adult Tunel I (upper) −54.82 −68.15 2200–1600 BP
42,527 16.8 −12.6 3.2 Aa F adult Tunel I (upper) −54.82 −68.15 2200–1600 BP
40,194 19.0 −11.4 3.3 Aa F adult Tunel I (upper) −54.82 −68.15 2200–1600 BP
35,229 17.2 −11.8 3.2 Aa NA juvenile Tunel I (upper) −54.82 −68.15 2200–1600 BP
42,460 16.1 −12.3 3.2 Aa NA pup Tunel I (upper) −54.82 −68.15 2200–1600 BP
36,597 20.1 −12.5 3.2 Aa NA pup Tunel I (upper) −54.82 −68.15 2200–1600 BP
42,742 17.7 −11.7 3.2 Aa NA pup Tunel I (upper) −54.82 −68.15 2200–1600 BP
37,702 19.2 −12.7 3.2 Aa NA pup Tunel I (upper) −54.82 −68.15 2200–1600 BP
37,371 16.7 −11.9 3.1 Aa NA sub-adult Tunel I (upper) −54.82 −68.15 2200–1600 BP
42,614 17.7 −11.5 3.2 Aa NA sub-adult Tunel I (upper) −54.82 −68.15 2200–1600 BP
136,325 16.3 −12.3 3.2 Aa NA sub-adult Tunel I (upper) −54.82 −68.15 2200–1600 BP
42,439 17.8 −11.3 3.2 Aa NA sub-adult Tunel I (upper) −54.82 −68.15 2200–1600 BP
42,416 17.0 −11.6 3.2 Aa M sub-adult Tunel I (upper) −54.82 −68.15 2200–1600 BP
40,878 18.1 −11.8 3.2 Aa NA sub-adult Tunel I (upper) −54.82 −68.15 2200–1600 BP
35,210 17.2 −12.5 3.4 Aa NA sub-adult Tunel I (upper) −54.82 −68.15 2200–1600 BP
42,421 17.0 −11.4 3.4 Aa NA sub-adult Tunel I (upper) −54.82 −68.15 2200–1600 BP
37,401 16.7 −11.9 3.4 Aa NA sub-adult Tunel I (upper) −54.82 −68.15 2200–1600 BP
37,605 16.8 −12.2 3.5 Aa NA sub-adult Tunel I (upper) −54.82 −68.15 2200–1600 BP
32,730 16.5 −13.5 3.9 Of NA adult Tunel I (upper) −54.82 −68.15 2200–1600 BP
BCI VI 80 18.3 −10.4 3.4 Aa M adult Crossley −54.81 −64.70 3000–1300 BP
BCI 458 16.1 −12.3 3.7 Aa F adult Crossley −54.81 −64.70 3000–1300 BP
BCI VI 1045 21.7 −12.1 3.8 Aa NA pup Crossley −54.81 −64.70 3000–1300 BP
II 879 16.4 −12.7 3.4 Aa NA sub-adult Crossley −54.81 −64.70 3000–1300 BP
BCI 968 19.7 −10.6 3.5 Of M adult Crossley −54.81 −64.70 3000–1300 BP
11,870 18.5 −11.9 3.6 Of M sub-adult Crossley −54.81 −64.70 3000–1300 BP
H28-25B1 17.5 −14.8 3.3 NA NA NA Hesh 28 −54.96 −66.81 660–550 BP
H28–9908-F40 18.8 −13.9 3.3 NA NA NA Hesh 28 −54.96 −66.81 660–550 BP
7571 16.1 −14.7 3.3 Of M adult Hesh 28 −54.96 −66.81 660–550 BP
9908 18.8 −13.9 3.3 Of M adult Hesh 28 −54.96 −66.81 660–550 BP
K 9729 18.0 −11.4 3.2 Aa M adult Kaia II −54.80 −68.28 690–560 BP
K 8470 16.6 −12.8 3.3 Aa M adult Kaia II −54.80 −68.28 690–560 BP
K 8676 16.4 −13.5 3.5 Aa F adult Kaia II −54.80 −68.28 690–560 BP
K 8725 15.8 −12.2 3.7 Aa M adult Kaia II −54.80 −68.28 690–560 BP
K 7756 16.7 −11.8 3.6 Aa M sub-adult Kaia II −54.80 −68.28 690–560 BP
K 7756 16.9 −11.1 3.8 Aa M sub-adult Kaia II −54.80 −68.28 690–560 BP
K 8388 16.5 −11.9 3.6 NA NA juvenile Kaia II −54.80 −68.28 690–560 BP
K 8598 15.5 −12.3 3.8 NA NA juvenile Kaia II −54.80 −68.28 690–560 BP
K 9037 16.7 −11.8 3.4 Of F NA Kaia II −54.80 −68.28 690–560 BP
K 8872 16.7 −11.5 3.5 Of F NA Kaia II −54.80 −68.28 690–560 BP
3 Amigos 1 11.6 −17.4 3.2 NA NA adult 3 Amigos −54.64 −65.25 7500–200 BP
3 Amigos 4 19.2 −13.7 3.1 NA NA pup 3 Amigos −54.64 −65.25 7500–200 BP
3 Amigos 2 18.8 −13.0 3.1 NA NA juvenile 3 Amigos −54.64 −65.25 7500–200 BP
3 Amigos 3 7.0 −19.9 3.5 NA NA juvenile 3 Amigos −54.64 −65.25 7500–200 BP
3 Amigos 6 22.4 −12.2 3.2 Of NA juvenile 3 Amigos −54.64 −65.25 7500–200 BP
3 Amigos 5 9.7 −20.5 3.1 Of NA pup 3 Amigos −54.64 −65.25 7500–200 BP
34,326 18.2 −13.2 3.1 Aa F adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,466 19.3 −13.4 3.1 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,248 17.9 −13.8 3.1 Aa F adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,630 17.8 −14.6 3.1 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
32,090 20.0 −14.6 3.1 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,537 18.5 −12.6 3.1 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,854 18.8 −12.5 3.2 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,222 17.9 −12.3 3.2 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,138 17.9 −12.3 3.2 Aa F adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
31,109 18.3 −13.5 3.2 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
30,510 18.5 −14.5 3.2 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,111 17.8 −14.5 3.2 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,100 18.6 −13.1 3.2 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
31,178 18.2 −13.4 3.2 Aa F adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,467 18.2 −11.6 3.2 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,212 18.3 −14.0 3.2 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
31,454 20.3 −12.4 3.2 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
31,794 18.3 −14.5 3.2 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
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Table A1 (continued)

Sample ID δ15N (‰) δ13C (‰) C:N ratio Species Sex Age Class Site Latitude (°S) Longitude (°W) Site age

32,102 17.9 −12.8 3.2 Aa F adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
31,289 17.6 −12.2 3.2 Aa F adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,454 19.4 −13.9 3.2 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
30,486 18.7 −12.0 3.2 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,045 17.7 −13.9 3.2 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
30,441 17.4 −11.6 3.2 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
30,439 18.3 −11.8 3.2 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
32,428 18.4 −12.1 3.2 Aa F adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
31,236 20.0 −12.6 3.2 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,781 18.8 −11.9 3.2 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
31,820 17.9 −11.7 3.2 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,152 17.7 −12.2 3.3 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
30,166 19.2 −11.7 3.3 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
32,308 18.1 −11.9 3.3 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,624 19.0 −11.9 3.3 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
30,634 18.9 −11.7 3.3 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,775 16.2 −13.4 3.3 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
32,124 18.1 −12.7 3.3 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,835 19.1 −11.9 3.3 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
30,697 19.4 −11.4 3.3 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
32,461 19.1 −11.5 3.3 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
31,837 18.8 −11.4 3.3 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,490 18.3 −12.4 3.3 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,777 16.3 −12.3 3.3 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
31,923 17.5 −11.8 3.3 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
31,792 19.2 −12.0 3.3 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
32,245 18.9 −11.4 3.3 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
32,351 18.0 −11.5 3.3 Aa F adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
31,872 19.2 −11.8 3.3 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,050 18.3 −11.7 3.3 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
31,107 17.4 −11.8 3.3 Aa F adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
30,472 17.6 −11.5 3.4 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
30,139 18.7 −11.7 3.4 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
30,169 18.7 −11.3 3.4 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,422 17.8 −11.9 3.4 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,220 19.0 −11.9 3.4 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
32,813 18.0 −11.5 3.4 Aa F adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
32,946 18.7 −11.9 3.4 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
32,495 18.5 −11.7 3.4 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
31,578 18.1 −12.4 3.5 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
32,385 18.3 −11.7 3.5 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
32,288 18.2 −15.5 3.6 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
32,288 17.7 −12.5 3.6 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,936 18.3 −12.5 3.6 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,045 17.0 −13.5 3.8 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,936 17.3 −12.3 4.0 Aa M adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,495 19.1 −14.4 3.1 Aa M juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,614 17.6 −12.5 3.1 Aa M juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
32,040 17.5 −14.8 3.1 Aa M juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,786 16.7 −15.0 3.1 Aa M juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,434 18.7 −13.1 3.1 Aa M juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
32,846 18.5 −13.7 3.1 Aa F juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
32,075 17.2 −14.2 3.1 Aa F juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
30,765 20.2 −13.6 3.1 Aa M juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,509 19.4 −13.1 3.1 Aa M juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,392 17.5 −13.9 3.1 Aa M juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,795 18.3 −13.6 3.2 Aa M juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,745 17.2 −13.5 3.2 Aa M juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,041 18.5 −13.3 3.2 Aa M juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,080 18.2 −14.5 3.2 Aa M juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,629 19.1 −14.2 3.2 Aa M juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,518 18.4 −14.0 3.2 Aa M juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,565 18.2 −15.1 3.2 Aa M juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,038 18.5 −15.2 3.2 Aa F juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
31,379 17.9 −11.8 3.2 Aa M juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,155 18.7 −12.0 3.2 Aa F juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
32,359 17.2 −14.3 3.2 Aa M juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,785 16.1 −12.6 3.2 Aa M juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
30,794 17.7 −11.8 3.2 Aa M juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,160 16.9 −12.2 3.2 Aa M juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,747 18.4 −11.9 3.2 Aa M juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,522 18.6 −12.5 3.3 Aa M juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
31,865 18.1 −11.6 3.3 Aa M juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,525 18.2 −11.4 3.3 Aa M juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
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Sample ID δ15N (‰) δ13C (‰) C:N ratio Species Sex Age Class Site Latitude (°S) Longitude (°W) Site age

33,392 19.0 −11.7 3.3 Aa M juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,499 18.9 −11.9 3.3 Aa M juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,719 17.9 −11.3 3.3 Aa M juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,478 16.8 −13.3 3.3 Aa F juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,172 17.8 −12.4 3.3 Aa M juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
31,819 18.0 −12.1 3.4 Aa M juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,311 16.8 −11.9 3.4 Aa M juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
31,930 17.8 −15.4 3.4 Aa M juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,302 17.6 −12.8 3.4 Aa F juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,228 18.9 −12.1 3.5 Aa M juvenile Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,553 18.9 −14.9 3.3 Aa M pup Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,342 18.3 −11.5 3.3 Aa M pup Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,547 18.8 −11.6 3.3 Aa F pup Tunel I (lower) −54.82 −68.15 7500–4900 BP
32,815 16.5 −12.5 3.4 Aa M pup Tunel I (lower) −54.82 −68.15 7500–4900 BP
32,462 18.6 −11.8 3.4 Aa F pup Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,217 18.6 −14.0 3.1 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
30,862 19.6 −12.2 3.1 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,443 19.3 −13.8 3.1 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
30,980 19.5 −14.0 3.1 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,681 19.0 −13.5 3.1 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,355 18.5 −13.3 3.1 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,324 19.6 −12.5 3.1 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
32,609 18.9 −11.3 3.2 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,376 17.2 −12.2 3.2 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,057 17.0 −14.7 3.2 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
31,974 18.3 −12.8 3.2 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,027 16.9 −14.8 3.2 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,627 19.1 −14.2 3.2 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
31,450 18.5 −13.3 3.2 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
31,851 18.4 −12.8 3.2 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,672 19.3 −11.5 3.2 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
32,840 18.2 −13.2 3.2 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
32,483 17.2 −12.2 3.2 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,496 19.1 −11.0 3.2 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,616 18.7 −11.8 3.2 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,059 18.5 −14.6 3.2 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
32,527 17.9 −13.0 3.3 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,705 17.3 −11.5 3.3 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
31,118 18.7 −11.6 3.3 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
32,005 16.6 −12.8 3.3 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,104 19.1 −12.0 3.3 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,429 17.2 −12.6 3.3 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,388 17.9 −12.7 3.3 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,184 18.5 −12.0 3.3 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,461 19.4 −11.4 3.3 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,307 18.5 −11.5 3.3 Aa F sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
31,463 17.6 −12.6 3.3 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,512 20.0 −11.5 3.3 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
32,499 17.6 −11.9 3.4 Aa F sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
32,467 19.2 −12.5 3.4 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,610 17.7 −11.7 3.4 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,421 17.7 −12.0 3.5 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,904 17.5 −12.2 3.6 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,436 17.7 −12.3 3.6 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
32,491 18.5 −13.6 3.8 Aa M sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
32,816 16.2 −12.0 3.9 Aa F sub-adult Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,882 19.2 −11.8 3.2 Aa M NA Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,461 18.7 −11.8 3.2 Aa M NA Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,684 19.1 −11.8 3.2 Aa NA NA Tunel I (lower) −54.82 −68.15 7500–4900 BP
32,424 18.0 −11.7 3.3 Aa M NA Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,175 17.9 −11.9 3.3 Aa M NA Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,652 18.6 −12.4 3.3 Aa M NA Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,378 18.3 −11.8 3.3 Aa M NA Tunel I (lower) −54.82 −68.15 7500–4900 BP
32,382 18.4 −11.6 3.3 Aa M NA Tunel I (lower) −54.82 −68.15 7500–4900 BP
32,442 18.0 −12.6 3.3 Aa F NA Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,632 19.3 −11.3 3.4 Aa M NA Tunel I (lower) −54.82 −68.15 7500–4900 BP
32,430 18.7 −12.2 3.4 Aa M NA Tunel I (lower) −54.82 −68.15 7500–4900 BP
32,350 17.6 −12.2 3.4 Aa M NA Tunel I (lower) −54.82 −68.15 7500–4900 BP
32,255 18.4 −12.1 3.4 Aa M NA Tunel I (lower) −54.82 −68.15 7500–4900 BP
XX287 16.2 −12.8 3.5 Aa M NA Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,666 17.6 −11.9 3.6 Aa M NA Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,666 17.9 −12.2 3.7 Aa M NA Tunel I (lower) −54.82 −68.15 7500–4900 BP
30,422 17.7 −11.6 3.3 NA NA NA Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,437 17.1 −13.3 3.3 NA NA NA Tunel I (lower) −54.82 −68.15 7500–4900 BP

(continued on next page)
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Table A1 (continued)

Sample ID δ15N (‰) δ13C (‰) C:N ratio Species Sex Age Class Site Latitude (°S) Longitude (°W) Site age

32,816 15.4 −14.5 3.3 NA NA NA Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,571 18.5 −11.2 3.4 NA NA NA Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,544 18.2 −11.5 3.4 NA NA NA Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,751 18.6 −11.2 3.2 Of NA NA Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,551 18.8 −11.1 3.2 Of NA NA Tunel I (lower) −54.82 −68.15 7500–4900 BP
30,459 19.6 −10.4 3.2 Of NA NA Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,458 18.2 −11.8 3.3 Of NA NA Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,459 19.1 −11.0 3.3 Of NA NA Tunel I (lower) −54.82 −68.15 7500–4900 BP
34,227 17.7 −12.3 3.5 Of NA NA Tunel I (lower) −54.82 −68.15 7500–4900 BP
33,717 18.4 −10.8 3.5 Of NA NA Tunel I (lower) −54.82 −68.15 7500–4900 BP

Table A2
Average stable isotope ratios of nitrogen and carbon of A. australis organized by archaeological site.

Site Cal years BP (approximate ranges) δ15N (‰) δ13C (‰) C:N ratio n

Mean SD Range Mean SD Range SD

Tunel I 2nd Component 7500–4900 18.2 0.8 4.3 −12.6 1.1 4.5 3.3 0.2 164
Bahia Valentin 5700–4800 20.2 −13.0 3.5 1
Bahia Crossley 3000–1300 18.1 2.6 5.6 −11.9 1.0 2.3 3.6 0.2 4
Tunel I C1 2200–1600 17.5 1.0 4.0 −12.0 0.5 1.4 3.2 0.1 18
Shamakush 1100–1000 17.7 1.6 3.6 −13.4 0.8 1.4 3.3 0.1 4
Kaiawoteha 690–560 16.7 0.7 2.2 −12.1 0.9 2.5 3.5 0.2 6
Peninsula Mitre Post-industrial (not dated) 16.1 3.8 8.5 −15.3 3.0 6.6 3.2 0.1 4

Table A3
Average stable isotope ratios of nitrogen and carbon of O. flavescens organized by archaeological site.

Site Cal years BP (approximate ranges) δ15N (‰) δ13C (‰) C:N ratio n

Mean SD Range Mean SD Range SD

Tunel I 2nd Component 7500–4900 18.6 0.6 1.8 −11.2 0.6 2.0 3.3 0.1 7
Bahia Valentin 5700–4800 21.1 1.0 1.9 −12.8 1.1 2.0 3.7 0.1 3
Bahia Crossley 3000–1300 19.1 0.8 1.2 −11.2 0.9 1.3 3.6 0.1 2
Tunel I C1 2200–1600 16.5 −13.5 3.9 1
Kaiawoteha 690–560 16.7 0.0 0.0 −11.6 0.2 0.0 3.5 0.0 2
Heshkaia 660–550 17.5 1.9 2.7 −14.3 0.6 0.8 3.3 0.0 2
Tres Amigos Prehistoric (not dated) 16.1 8.9 12.7 −16.3 5.8 8.2 3.2 0.1 2
Bahia Thetis 120–70 17.7 1.6 8.7 −13.7 1.2 6.2 3.5 0.3 90
Peninsula Mitre Post-industrial (not dated) 18.3 3.0 13.1 −13.6 2.4 10.5 3.4 0.2 16

Table A4
Average stable isotope ratios of nitrogen and carbon of unknown otariids organized by archaeological site.

Site Cal years BP (approximate ranges) δ15N (‰) δ13C (‰) C:N ratio n

Mean SD Range Mean SD Range SD

Tunel I 2nd component 7500–4900 17.4 1.3 3.2 −12.4 1.4 3.3 3.3 0.1 5
Ajej 1400–800 16.3 0.7 0.7 −12.5 0.5 0.5 3.5 0.2 7
Kaiawoteha 690–560 16.0 0.7 1.0 −12.1 0.3 0.4 3.7 0.1 2
Heshkaia 660–550 18.1 0.9 1.3 −14.3 0.6 0.9 3.3 0.0 2
Tres Amigos Prehistoric (not dated) 14.1 5.9 12.2 −16.0 3.2 6.8 3.2 0.2 4
Thetis Bluff Historic (not dated) 19.3 0.9 1.7 −12.5 0.5 0.8 3.2 0.1 3
Bahia Thetis 120–70 17.6 −14.8 3.9 1
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