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Coastal societies have lived at the seaward edge of the Atacama Desert since at
least 12,000 years ago. Kelp forest ecosystems provide evidence for important
subsistence activity along the entire Chilean coast through fishing and gathering.
Despite their importance, especially in hyperarid contexts with limited plant
abundance, there is scarce evidence of kelp in archaeological contexts,
hampering the study of kelp use in the past. In the present study, we use the
presence of small marine invertebrates, inhabitants of stipes and holdfasts of
macroalgae, as proxies that indicate past kelp presence. We analyze samples of
three species of snails (Tegula atra, Tegula tridentata, and Diloma nigerrima) and
one limpet (Scurria scurra) from nine archaeological sites dated between
7,000 and 500 cal years before present located around the area of Taltal
(25°Lat S). Modern samples of these species were collected to reconstruct the
size of fragmented archaeological shells and subsequently estimate the size of
harvested kelps. Through this approach, we estimated the size and relative
abundance of kelp used by coastal groups that inhabited the southern part of
the Atacama Desert for around 6,500 years. Our results are a contribution to the
scarce information on the presence and use of kelp in the prehistory of the
Americas and contribute to comparative perspectives with other areas of the
world where the use of kelp by humans in the past has already been explored.
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Introduction

Algae have been important for people since ancient times. The kelp highway hypothesis
for early human peopling routes into the American continents is one example (Erlandson
et al., 2007). The marine route goes along the productive coastal ecosystems provided by
giant Kelp (Macroystis pyrifera) forests; the use of kelp environments by early humans is
evidenced in the profuse nearshore resources present in late Pleistocene–early Holocene sites
along the Eastern Pacific shores. In present times, kelp, and algae in general, are important
resources exploited worldwide for the cosmetic, pharmaceutical, and food industries
(Steneck et al., 2002; Nirmal-Kumar et al., 2009; Araos, 2015; Araos et al., 2018; Pérez-
Lloréns, 2019; Cárcamo and Gelcich, 2020). Chile is among the top exporters of brown algae
worldwide, which are harvested from wild subtidal and intertidal kelp populations (Tellier
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et al., 2011; Lotze et al., 2019; FAO, 2020). These kelp populations
support a diverse and productive rocky shore ecosystem (Docman
et al., 2017) dominated by gastropods, crustaceans, sea otters
(nutria/chungungo), and neritic fishes (Vásquez and Santelices,
1984; Vega, 2016; Salazar et al., 2018). The elevated primary
productivity observed along the coast is fueled by the semi-
permanent coastal upwelling regime along western South
America, which brings cold, nutrient-rich waters to the benthic
zone (Chavez and Messié, 2009).

Considering the great abundance and distribution of algae and
their variety of uses, their scarcity in archaeological contexts raises
questions about their use and relevance in past human societies.
Preservation and strategies of sampling and recovery may be
affecting the representativeness of algae in archaeological records.
Humidity, temperature, and acidity of sediments hinder the
conservation of organic remains, which quickly decompose in
humid and aerobic environments (Mooney, 2021). Nevertheless,
the direct archaeological evidence of algae reported in Chile
indicates that people have harvested and used seaweed in
different places and times since at least 14,000 years ago (e.g.,
Uhle, 1922; Ramírez and Quevedo, 2000; Vidal et al., 2004;
Dillehay et al., 2008).

Ethnographic and historical accounts mention the process of
extraction, drying, and use of certain species of algae along the coast
of Chile (Borie et al., 2006; Araos et al., 2018). Chroniclers of the
17th century noticed the use of algae by Mapuche communities in
the southern zone for food, fertilizer, dyes for textiles, ceremonial
elements, and for exchange with communities that inhabited the
valley and mountains (Ovalle 1,646, Pineda and Bascuñan 1,676,
Molina 1,776 in Borie et al., 2006). On the northern coast, travelers
in the 19th century mentioned the trade of algae between the coast of
Cobija (22°33′S) and the southern Bolivian highlands.

Most of the direct evidence of alga use in the archaeological
record of Chile comes from the northern coast (Supplementary
Table S1). One site is Arica (18°S), where remains of Cochayuyo
(Durvillaea incurvata) were found as part of a tomb offering,
without a known date (Uhle, 1922). Two other records come
from Pisagua (19°S); one corresponds to five tied pieces of
Lessonia berteroana found in a burial from the Punta Pichalo
site, with dates between 800 and 1,300 years before present (BP)
(Ramírez and Quevedo, 2000); and the second comes from the sites
of Pisagua N and Pisagua B and consists of packed leaves of
Macrocystis pyrifera inside rock structures and areas of food
processing dated between 960 and 1,470 years before Christ (BC)
(Vidal et al., 2004). South of Iquique, evidence of packed leaves of
Macrocystis spp. and Lessonia sp. are recorded at Punta Patache
archaeological sites (20°S) in different domestic and funerary
deposits with Middle to Late Holocene dates (Moragas and
Mendez-Quiros, 2022). The single case from southern Chile
comes from the Monte Verde site (43°S), in deposits dated
around 14,000 cal years BP. Nine species of seaweed, among
them the brown macroalgae Durvillaea antarctica and M.
pyrifera, were identified and interpreted as direct evidence of
algae used as medicine and food (Dillehay et al., 2008).

A few other archaeological studies mention the presence of algae
but without species identification (Supplementary Table S1). One
comes from the coast of Arica and describes a package of algae tied
with red vegetable fibers at the La Capilla site. This cave was dated

between 1,300 and 2,500 years BC, and the package of algae is
interpreted as part of an ornament in a ritual context (Muñoz, 2014).
The use of kelp as raw material for fuel and construction is also
suggested from sites dated between 6,000 and 4,000 years cal BP
along the coast of Antofagasta (23°S). Seaweed ash is interpreted to
be the main material used to seal floors inside Caleta Huelén-type
rock structures (Núñez et al., 1974; Núñez, 1976; Llagostera, 1989;
Hernández, 2019; Power et al., 2022). Finally, despite the importance
that kelp may have had in humans’ diets, as a source of minerals and
vitamins, studies on isotopic analysis and dietary patterns around
the Atacama Desert show strong reliance on marine resources but
are not able to differentiate among fish, mollusks, or kelp (Andrade
et al., 2015; Santana-Sagredo et al., 2021).

Despite the possible problems of algae preservation in
archaeological contexts, the examples presented above show their
relevance and diversity of use and function. It is necessary to develop
methodologies to identify and analyze archaeological evidence of
kelp, to explore research questions about their importance in human
history, the characteristics of kelp forest ecosystems during the last
millennia, and the effect of environmental and human factors on
their use and abundance.

Proxies for the identification of alga use in
prehistory

Questions about the presence, abundance, and use of kelp forests
in the past have been raised by several researchers around the world.
One of the approaches has been the use of archaeo-malacological
species as indirect evidence for the presence of algae. Rowland
(1977) in New Zealand, interprets the presence of small
gastropods of the species Maurea punctulate as having arrived at
the site attached to kelp. In Italy, small gastropods of the species
Jujubinum exasperatus have also been interpreted as an indirect
indicator of alga extraction and deposition in archaeological sites
(Colonese and Wilkens, 2005). Finally, in Baja California, Mexico,
and the Californian coast of the United States, Ainis et al. (2014);
Ainis et al. (2019) conducted studies on small archaeo-malacological
fauna, which, due to their small size, are believed not to be collected
for food purposes. One type of these small-sized mollusks
corresponds to species associated with algae and seagrasses (Ainis
et al., 2014).

Although there are several mentions of the link between small
gastropods or limpets and algae in Chilean archaeological contexts
(e.g., Borie et al., 2006; Castro et al., 2016; Power and Salazar, 2020;
Power et al., 2022), there is no methodological approach explicitly
applied to explore this link. Among the rich set of shellfish species
identified in shell-midden archaeological sites along the northern
coast of Chile (e.g., Santoro et al., 2017), several species of small size
may be directly associated with kelp. The patellogastropod S. scurra
lives exclusively on holdfast cavities and stipes of L. berteroana and
Lessonia spicata throughout the benthic phase of its life cycle
(Figure 2). Juveniles (±5 mm basal width) inhabit the internal
cavities of Lessonia spp. Holdfasts, while larger individuals use
stipe scars (Vega et al., 2016). Several individuals of Scurria
scurra can be found on holdfasts but only one per stipe (Muñoz
and Santelices, 1989; Oróstica et al., 2014; Vega et al., 2016). This
herbivore-kelp association is highly specialized and has been used as
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an indicator of the ecological integrity of Lessonia species. Studies in
Chile have recorded the abundance and size structure of S. scurra in
plants of L. berteroana, comparing places with differential human
pressure (Muñoz and Santelices, 1989; Vega, 2016). The results
showed lower abundance and smaller S. scurra in areas without
regulation on kelp extraction, proposing S. scurra as an ecological
indicator easy to observe on kelp stipes and holdfasts, but also on
kelp drying areas on the shore, after algae have been taken to the
market.

Several snails of the family Trochidae, like T. atra, T. tridentata,
Tegula quadricostata, Tegula luctulosa, and Diloma nigerrima, are
herbivores that inhabit and feed on different macroalgae (Veliz and
Vásquez, 2000). Tegula atra and Tegula tridentata are found in the
intertidal zone associated with Lessonia spp. and in the subtidal
associated with holdfasts of Lessonia trabeculata and Durvillaea
sp. (Veliz and Vásquez, 2000; Pinochet et al., 2018). Diloma
nigerrima is found in intertidal rock pools and on holdfasts of L.
berteroana throughout its entire life cycle (Veliz and Vásquez, 2000;
Zagal and Hermosilla, 2007) and can be found in kelp drying areas
together with T. atra and S. scurra. Tegula atra can reach up to
70 mm in diameter and inhabit intertidal and shallow subtidal zones
(Veliz and Vásquez, 2000). This makes it easy to collect them for
food, which is shown by their abundance in several archaeological
sites (e.g., Olguín, 2013; Olguín et al., 2015). In contrast, D.
nigerrima and T. tridentata are small snails with a maximum
diameter of 25 mm and 16 mm, respectively (Veliz and Vásquez,
2000; Zagal and Hermosilla, 2007), which make them less

“attractive” as food and, therefore, less common in archaeological
sites. Unlike S. scurra, the relationship between kelp and T. atra is
not specialized since adults may be attached to rocks (Veliz and
Vásquez, 2000). An exception is during its juvenile stage when T.
atra are not larger than 20 mm and inhabit the holdfasts of brown
algae (Cancino and Santelices, 1984; Veliz and Vásquez, 2000;
Pinochet et al., 2018).

Considering the above, we will use the presence of S. scurra, T.
atra, T. tridentata, and D. nigerrima as a proxy of harvesting/use of
algae in archaeological sites located along the coast of Taltal, with
dates between 7,000 and 500 years cal BP (Figure 1). Our study
attempts to advance our understanding of the use of algae by
prehistoric coastal inhabitants through the study of small-size
mollusk shells from archaeological contexts and present-time
kelp drying areas.

Material and methods

Study area

The Taltal area (25° S), located on the southern coast of the
Atacama Desert (Figure 1), has a lack of permanent freshwater
courses and a hyperarid climate, which translates into sparse
terrestrial flora and fauna (Latorre et al., 2005). The paucity of
terrestrial resources is in stark contrast with the Humboldt
Current ecosystem, where intense wind-driven coastal
upwellings supply plentiful nutrients to primary producers,
including benthic algae, and fuel productive food webs from
the intertidal to the pelagic zone (Montecino and Lange, 2009).
Consequently, the study area maintains a large macroalgal
industry based on the extraction or collection of kelp species
such as Lessonia spp. andMacrocystis pyrifera (Araos et al., 2018;
Esper, 2022).

Hunter-gatherer groups and fishers have inhabited the coastal
strip of the study area for approximately 12,000 BP (Salazar et al.,
2018). The sustained use of the coastal zone by humans has
generated numerous archaeological sites that point to a way of
life specialized in the use of marine resources (e.g., Castelleti, 2007;
Olguín, 2013; Andrade et al., 2014; Salazar et al., 2015; Rebolledo
et al., 2016). Shell midden archaeological sites contain a diverse
assemblage of gastropods characteristic of kelp-dominated rocky
shorelines, such as keyhole limpets, chitons, and muricid snails
(Olguín, 2013; Olguín et al., 2015; Salazar et al., 2015; Power and
Salazar, 2020).

Malacological analyses

Archaeo-malacological samples come from nine archaeological
sites: five open-air sites, three rocky shelters, and one ferrous oxide
mine, all distributed along a strip of approximately 100 km of
coastline and located at different distances from the current
coastline (30 m–300 m) (Figure 1).

Zapatero is the farthest north shell midden site of the study area,
approximately 64 km north of Taltal and no more than 30 m from
the current coastline. The sample from this open-air site comes from
one column sample (0.20 m3 of excavated volume (EV)) and three

FIGURE 1
Taltal-Paposo area of Chile, with archaeological sites mentioned
in the study.
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excavation units (1.18 m3 EV). Rockshelter Paposo Norte 9 is
approximately 4 km south of Zapatero, 200 mt from the coast,
and shell samples come from one column sample (0.26 m3 EV)
and two excavation units (2.10 m3 EV). Rockshelter site Alero
Bandurrias 3 is 33 km south of Zapatero and 200 m from the
shore; shells analyzed come from a single excavation unit

(0.6 m3 EV). Alero 224-A is also a rockshelter, situated 12 km
north of Taltal and around 300 m from the coast; shells from
this site come from one column sample (0.13 m3 EV). The open-
air mine San Ramón 15 is 3.5 km northeast of Taltal, 1.5 km from
the current coastline, and approximately 125 m.a.s.l.; shells analyzed
from this site come from one excavation unit called Mine-1 (48 m3).
Morro Colorado and Punta Morada are open-air shell midden sites
located 2 km north of Taltal and less than 20 mts from the shore.
Shells from Morro Colorado and Punta Morada come from single
excavated units (0.56 m3 and 0.60 m3 EV). Finally, the two open-air
shell midden sites, Plaza de Indios Norte and Hornos de Cal, are
south of the city of Taltal. The first is 5 km south and 100 mt from
the shore, and the second is 15 km south and 50 mts from the rocky
shore. Samples from both sites come from one excavation unit, one
of 0.50 m3 EV (Plaza de Indios) and the second of 2.15 m3 EV
(Hornos de Cal) (Salazar et al., 2011; Salazar et al., 2015; Salazar
et al., 2018).

The age of sampled sites fluctuates between ca. 7,000 and
500 years cal BP (Salazar et al., 2015); malacological samples were
obtained from archaeological excavations done on the sites during
several research projects (Fondecyt 1,110,196 and 1151203). All
shells of S. scurra, T. tridentata, and D. nigerrima were used for

TABLE 1 Slope (a) and intercept (b) for the regression equation calculated from
modern shells to estimate the sizes of incomplete archaeological specimens of
the different gastropod species used in this study as algal proxies. The
coefficient of determination (r2) is highly significant in all cases (p < 0.001).
Note: Standard linear regression equation Y = (a*X + b).

Scurria scurra Tegula atra Diloma nigerrima

Height
a = .685 a = .926 a = .772

b = −3.784 b = −12.220 b = −3.900

Basal width
a = 1.202 a = 1.012 a = 1.168

b = 9.358 b = 14.538 b = 5.846

r2 = .824 r2 = .937 r2 = .902

n = 124 n = 67 n= 100

FIGURE 2
(A) Intertidal zone kelp beds. (B–E), S. scurra in algae stipes and adhesion discs. Pictures taken by the authors. Morphometricmeasurements; for (F) S.
scurra; (G) snails of the family Trochidae.
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TABLE 2 Radiocarbon dates obtained from shells under study. Obtained dates were calibrated (95% of probability) (Oxcal v4.4.4 Bronk Ramsey, 2021) using the reservoir effect value of 226 ± 98, published by Ortlieb et al. (2011)
for the northern coast of Chile and Marine20 curve (Heaton et al., 2020).

Site Archaeological context Taxon Laboratory number Radiocarbon age
(years BP)

Error (±) Calibrated range
(years BP)

Zapatero Column sample, Unit 2, Level 2 (5–10 cm), Layer 7 D. nigerrima UAL22711 3,830 70 3,311 (3,669–2,986)

Zapatero Column sample, Unit 2, Level 16 (78–89 cm), Layer 7 D. nigerrima UAL22714 4,610 70 4,311 (4,706–3,967)

Zapatero Talud 4, Profile 2 S. scurra UAL22715 4,640 80 4,350 (4,765–3,995)

Zapatero Column sample, Unit 2, Level 4 (15–20 cm), Layer 6A S. scurra UAL22712 4,670 70 4,389 (4,790–4,069)

Zapatero Column sample, Unit 2, Level 8 (35–40 cm), Layer 6 S. scurra UAL22713 4,800 70 4,561 (4,933–4,221)

Zapatero Column sample, Unit 2, Level 12 (55–60 cm), Layer 6 S. scurra D-AMS 043172 5,523 26 5,546 (5,744–5,201)

Paposo Norte 9 Unit 1, Level 1 (0–5 cm), Layer 1 S. scurra UAL22706 1,445 50 603 (880–413)

Paposo Norte 9 Column sample, Level 3 (10–15 cm), Layer 7 D. nigerrima D-AMS 043171 2,512 25 1,688 (2003–1,427)

Paposo Norte 9 Column sample, Level 7 (30–35 cm), Layer 4 D. nigerrima UAL22703 3,640 70 3,078 (3,425–2,761)

Paposo Norte 9 Unit 2, 6 (25–30 cm), Layer 3 S. scurra UAL22707 3,800 90 3,276 (3,672–2,914)

Paposo Norte 9 Column sample, Level 6 (25–30 cm), Layer 4 S. scurra UAL22702 4,280 60 3,869 (4,252–3,545)

Paposo Norte 9 Column sample, Level 12 (55–60 cm), Layer 4 D. nigerrima UAL22704 4,850 70 4,625 (5,001–4,284)

Paposo Norte 9 Column sample, Level 17 (80–85 cm) D. nigerrima AAGL22721 4,996 16 4,802 (5,167–4,518)

Alero Bandurrias Profile talud, Unit 1, Level 6 (25–30 cm) D. nigerrima UAL22716 1975 50 1,122 (1,405–879)

Alero Bandurrias Profile talud, Unit 1, Level 7 (30–35 cm) D. nigerrima UAL22717 2020 45 1,168 (1,442–919)

Punta Morada Profile 1, Unit 4, Layer 1 S. scurra UAL22720 1850 60 991 (1,280–735)

San Ramon 15 Mine 1 D. nigerrima D-AMS 043170 4,083 23 3,608 (3,953–3,357)

Alero 224-A Column sample, Level 1 (0–05 cm) T. tridentata UAL22709 2,945 50 2,228 (2,604–1933)

Alero 224-A Column sample, Level 4 (15–20 cm) T. tridentata AAGL22722 4,576 15 4,263 (4,610–3,973)

Morro Colorado Unit 4A, Level 5 (20–25 cm) S. scurra AAGL22723 6,646 18 6,650 (6,954–6,392)

Hornos de Cal Unit 1 (north quadrant), Level 2 (5–10 cm) C. chorus NAU1229 5,860 20 5,825 (6,102–5,579)

Plaza Indios Norte Unit 1, Layer 2 D. nigerrima UAL22708 1760 80 898 (1,214–644)
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analysis. In the case of T. atra, only shells up to 20 mmwere selected
to guarantee that only juvenile specimens, which inhabit the
holdfasts of brown algae, were included in the study.

Complete and fragmented shells at least 50% complete were
selected for analysis. To estimate the size of the incomplete
individuals, a linear regression equation was established using
complete shells of S. scurra, T. atra, and D. nigerrima from modern
samples collected near the localities of Punta Talca (33°25′S) and
Guanaqueros (30°11′S), in the semi-arid region of northern Chile
(Table 1). Modern shells were collected from shoreline areas where
kelp is dried and accumulated after collection and spanned a broad
range of shell sizes. All archaeological andmodern shells weremeasured
with a digital caliper considering basal height and width (Figure 2).

We used the regression equations to reconstruct width or height
data for the entire sample of archaeological shells that were missing
one of these measurements. This approximation allowed us to
estimate the size of the shells and consequently estimate the size
of the kelp stipe where they were attached when algae were harvested
and transported to the archaeological sites. This may allow us to
evaluate the degree of human pressure on kelp forests during
prehistoric times (Vega et al., 2016).

Finally, we radiocarbon dated 22 individual shells. This
allowed us to determine chronological boundaries to include
shells without direct dating. Obtained dates were calibrated
(Oxcal v4.4.4 Bronk Ramsey, 2021) using the reservoir effect
published by Ortlieb et al. (2011) for the northern coast of Chile
and the Marine20 curve (Heaton et al., 2020). In order to evaluate
the presence of algae over time, we have divided the four
thousand years in which our study is framed into
chronological blocks of one thousand years each.

Results

Table 2 Shows the 22 dates obtained for shells from the nine
archaeological sites under study. Our dates indicate that the earliest

indirect evidence of kelp in the Taltal area appears around
6,600 years cal BP in Morro Colorado and then around 5,580 cal
BP in Hornos de Cal, both open-air shell midden sites. The most
recent archaeological records come from the rockshelter site Paposo
Norte 9, dated around 600 cal BP, and the open-air shell midden
Plaza de Indios Norte, with a date of 898 cal BP.

Based on the stratigraphic association between dated levels
and shells, we were able to situate 85% of our sample in a
chronological context (270 of 319 shells) (Table 3; and
Supplementary Table S2) and to group data on shell
abundance (Table 3) and size (Table 4) in time periods of
1,000 years each. The exception is the period between
5,500 and 6,600 years cal BP, which was extended to fit the
date 6,650 obtained from the Morro Colorado site.

During the time period 6,500–5,500 cal BP, alga proxy shells
S. scurra, T. atra, T. tridentata, and D. nigerrima were present in
three sites: Zapatero in the north coast of the study area, Morro
Colorado in the center, and Hornos de Cal in the south (Table 3;
Figure 1). The 5,500–4,500 cal BP time period shows an increase
in the relative abundance of shells, but only in two sites located on
the north coast. This is followed by a peak during the period
4,500–3,500 cal BP and a subsequent decrease from the period
3,500–2,500 cal years BP onward. The sites Zapatero and Paposo
Norte 9, both on the north coast, had the highest numbers of
shells (95% of the sample) and dominated the pattern throughout
the whole sequence. The distribution was relatively homogenous
in the rest of the sites, with few shells of the studied species. Even
though the low abundance of shells in these sites could be
interpreted as incidental, their presence adds to the ubiquity
of the kelp-indicating mollusks in different types of sites, located
at different locations, and occupied at different moments in time.

Although distance to the coast is a relevant factor for humans
to consider when deciding what to transport to their camps (Bird
and Bird, 1997; Bird et al., 2002), it did not seem to influence the
composition of our archaeological samples. Sites with a small
number of algal proxies are located both near to (Punta Morada,

TABLE 3 Abundance (MNI) of proxy shells (Scurria scurra, Tegula atra, Tegula tridentata, and D. nigerrima) according to time periods and archaeological site. Sites
sorted by geographic location (north to south).

Sites Periods (years cal BP) # Shells per site

6,600–5,500 5,500–4,500 4,500–3,500 3,500–2,500 2,500–1,500 1,500–500 N/
info

Zapatero 2 11 43 11 15 82

Paposo Norte 9 25 70 52 41 3 31 222

Alero Bandurrias 4 4

Alero 224A 1 1 2

Punta Morada 2 2

San Ramon 15 1 1 2

Morro Colorado 1 1

Plaza de Indios Norte 1 1

Hornos de Cal 1 2 3

# Shells per period 4 36 115 63 42 10 49 319
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Morro Colorado, Hornos de Cal) and far from (Alero Bandurrias
3, 224A, San Ramon 15) the coast. The function of the site is also a
factor that may influence the amount of kelp transported to and
used at the location; nevertheless, abundance was similar in
open-air shell middens and rockshelters. The highest
abundance and most continuous record of algal proxy shells
were present in rockshelter Paposo Norte 9, 200 mt away from
the shore, and in Zapatero, shell midden less than 100 mt from
the shore. The shared characteristic between these two sites is
their location on the northern edge of the study area (Table 3;
Figure 1).

Based on the regression equations used to reconstruct the
width and height of Scurria scurra, Tegula atra, Tegula
tridentata, and D. nigerrima shells (Table 1), we were able to
estimate the height and basal width (mm) for nine fragmented
archaeological shells. Table 4 shows the mean, maximum (max),
and minimum (min) basal diameter for the four mollusk species
organized by periods and sites. The archaeological assemblage
under study includes Scurria scurra shells from 10.5 to 37 mm
diameter, D. nigerrima from 2 to 23.6 mm, Tegula atra shells
between 17.4 and 29.6 mm, and Tegula tridentata between 8.6 and
15.8 mm (Table 4). The longest mean basal diameter for Scurria
scurra was 37 mm in site Punta Morada, and the smallest was
16.9 mm in Morro Colorado. Looking at time periods, the longest
mean diameter of Scurria scurra shells was found in the latest
period, 1,500–500 cal BP, and the smallest in the period

5,500–4,500 cal BP. For trochid species, the longest mean basal
diameters of D. nigerrima were 15.7 and 16.3 mm in site Punta
Morada and San Ramón 15; however, mean sizes over time did not
show significant differences, with basal lengths between 12 and
13 mm. The mean size of Tegula atra shells was greater than that
found for Tegula tridentata, which corresponds to natural
interspecies variation (Veliz and Vásquez, 2000). Finally, the
largest mean diameter for juvenile Tegula atra was 28.4 mm in
Alero Bandurrias and the period 1,500–500 cal BP, while for
Tegula tridentata, they were 15.4 mm in Zapatero and 11.6 mm
in the period 2,500–1,500 cal BP (Table 4).

Figure 3 shows the size distribution of the 319 archaeological
shells analyzed in the study, organized by archaeological site and
time period. There was a wide distribution of shell sizes, although
most of the shells are grouped around sizes of 4 mm height-8 mm
basal width and 10 mm height-18 mm basal width. This applies
for size distribution per site and period and, therefore, implies
that a basal diameter size range between 8 and 18 mm is
characteristic of the area in archeological times. Zapatero and
Paposo Norte 9, located on the northern coast of the study area,
show greater dispersion of sizes and have the largest individuals
among samples. Although shell sizes are widely distributed
during all time periods, it is during the later time periods,
from 4,500 to 500 years cal BP, that the largest shells
appeared, almost exclusively at the Zapatero and Paposo
Norte 9 sites.

TABLE 4 Basal diameter (mm) of alga proxy species by time period and archaeological site. Sites sorted by geographical location (north to south). Total # of shells
refers to the assemblage in each period or site, not to a particular species.

Sites S. scurra D. nigerrima T. atra T. tridentata Total # of shells

Mean Max Min Mean Max Min Mean Max Min Mean Max Min

Zapatero 17.33 26.45 10.55 12.89 23.67 6.49 23.11 29.64 17.43 15.49 15.85 15.12 82

Paposo Norte 9 21.10 24.98 16.50 12.80 19.70 2.06 24.18 27.36 17.66 222

Alero Bandurrias 3 12.52 15.15 9.53 28.40 28.40 28.40 4

Alero 224A 10.15 11.68 8.61 2

Punta Morada 37.05 37.05 37.05 16.32 16.32 16.32 2

San Ramon 15 15.74 18.05 13.44 2

Morro Colorado 16.93 16.93 16.93 1

Plaza de Indios Norte 9.47 9.47 9.47 1

Hornos de Cal 17.78 17.78 17.78 11.50 12.64 10.36 3

Periods (Years cal BP) Mean Max Min Mean Max Min Mean Max Min Mean Max Min Total # of shells

6,600–5,500 17.61 20.54 15.35 17.78 17.78 17.78 4

5,500–4,500 15.02 23.28 10.55 12.20 15.84 2.06 36

4,500–3,500 20.35 22.50 16.70 13.14 23.67 6.49 27.18 29.64 24.72 8.61 8.61 8.61 115

3,500–2,500 24.98 24.98 24.98 12.88 18.76 4.99 26.94 27.29 26.59 63

2,500–1,500 12.74 18.44 6.82 25.60 27.36 24.63 11.68 11.68 11.68 42

1,500–500 26.78 37.05 16.50 12.71 16.32 9.47 28.40 28.40 28.40 10

N/info 24.52 26.45 22.59 12.51 17.72 6.97 19.96 23.10 17.43 13.49 15.85 10.36 49
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Finally, taphonomic observations carried out on the shells show
a good state of preservation, without evidence of abrasion or
exfoliation. This applies to all sites during all time periods
(Supplementary Table S1). The same goes for thermal alterations,
which suggests that shells were not exposed.

Discussion

We used non-dietary malacological fauna as a proxy to infer the
presence of algae in nine archaeological sites of the coast of Taltal.
These species of snails and limpets, inhabiting kelp stipes and
holdfasts, arrived at the archaeological sites and endured over time.

Salazar and collaborators (2018) reported the presence of T.
atra, Tegula sp., D. nigerrima, and Scurria parasitica in early
Holocene sites like Paposo Norte 9 and Alero 224-A. Archaeo-
malacological samples reviewed for the present study included shell
remains of these sites associated with early dates, but none of these
species were found, nor shells of S. scurra. Alga proxy shells were
found in samples from these two sites but with dates associated with
the 5,500–4,500 cal BP period for Paposo Norte 9 and
4,500–3,500 cal BP for Alero 224-A (Tables 2–4). Despite not
having alga proxy shells in our samples, information published
by Salazar et al. (2018) suggests that the first evidence of algae in
Taltal appears between 12,000 and 11,000 years cal BP. Our analyses
show indirect evidence of kelp in Morro Colorado around
6,600 years cal BP and Hornos de Cal around 5,800 years cal BP,
both open-air shell middens located on the south coast of the study
area (Figure 1; Table 2). This big gap in kelp presence in
archaeological sites of Taltal is intriguing but agrees with the
sparse record of archaeological sites in the area with only two
sites dating between 10,000 and 8,500 cal BP (Salazar et al., 2015;
2018). Later on, the period between 7,500 and 5,500 cal BP was
identified (Salazar et al., 2015) as a moment of increased human
occupation, with more and larger shell-midden sites near the shore,
interpreted as residential locations with evidence of technological
diversification. This led to the expectation of higher exploitation of
nearshore resources, including kelp, but our samples do not reflect

that until a little later (6,600 cal BP). One of the reasons for this may
be related to space organization within settlements, with kelp drying
areas next to the shore and far from dumping areas near camps (shell
middens sampled by archaeologists).

The presence of algae in the archaeological record increased
significantly between 5,500 and 3,500 cal BP and was concentrated
in Zapatero, an open-air site, and the rockshelter Paposo Norte 9,
both located on the north coast of the study area. It is interesting that
the greater presence of algae in the Zapatero site between 4,500 and
3,500 years BP coincides with the time of construction of stone
structures of the Caleta Huelén 42 type. These structures have been
interpreted as containing sealed floors made by the action of burning
algae (Núñez et al., 1974). The San Ramón 15 site, a ferrous oxide
mine located 3 km from the coast at 125 m. a.s.l., also presents
evidence for this period and reveals the transport of algae to this
place of specific and distant activities (Salazar et al., 2015). Other
examples of coastal and marine resources making their way inland
can be found in interior areas of the Atacama Desert, with the
presence of dried fish, shell body ornaments such as necklace beads,
and utilitarian textile artifacts made also from shells. This is evidence
of the circulation of coastal goods far inland from early times to
post-Hispanic historical periods (Latorre et al., 2013; Soto and
Power, 2013; Castillo et al., 2017; Gallardo, 2017; Soto et al., 2018).

The only sites with evidence of algae between 2,500 and 1,500 cal
BP are Paposo Norte 9 and Alero 224-A, located on the north and
central coast, with Paposo Norte 9 being the most abundant. Finally,
during the last period of the Late Holocene (1,500–500 cal BP), the
presence of algae is identified, although in low abundance, in two
open-air shell midden type sites and two rockshelters located on the
north, center, and south coast.

Kelp abundance and growth in rocky benthic habitats are closely
related to seawater temperature, which is a proxy of upwelling
intensity, and nutrient supply along eastern boundary upwelling
systems (Broitman and Kinlan, 2006; Cavanaugh et al., 2011; Pérez-
Matus et al., 2017). Sea surface temperature displayed considerable
variability along southern Peru and northern Chile during our study
period (Flores et al., 2018; Salvatteci et al., 2019; Flores and
Broitman, 2021). Therefore, it is worth noting that the relative

FIGURE 3
Scatter plot of proxy species ‘shell sizes, (A) by species and archaeological site; (B) by species and period.

Frontiers in Earth Science frontiersin.org08

Alcalde et al. 10.3389/feart.2023.1148299

https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2023.1148299


abundance of algal proxies (Table 3) is negatively associated, albeit
non-significantly, with the long-term temperature variation across
the Holocene (Flores and Broitman, 2021, r = −0.625, p = 0.183),
with higher concentrations of algal proxies during colder periods
(4,500–3,500 cal BP), potentially in association with a higher
abundance of kelps. Moreover, the archaeological sites with a
higher abundance of algal proxies (Paposo Norte 9 and Zapatero)
are located at the northern end of the study area, with currently
distinctively cooler waters than sites located southward (Flores et al.,
2018 Table 4).

The sizes of complete and reconstructed archaeological shells of
S. scurra, D. nigerrima, T. atra, and T. tridentata show the presence
of small individuals that inhabit juvenile stipes, located in the
periphery of the algae (Figure 2A), holdfasts (Figure 2D), or stipe
bifurcations (Figures 2B,C). We may, therefore, suggest that leaves,
stipes, and holdfasts of algae were taken to the archaeological sites.
The predominance of juvenile individuals in the archaeological
sample (shells between 10 and 18 mm basal width) indicates
stipes of small diameter, characteristic of areas with constant
human collection (Vega et al., 2016). The presence of small shells
could indicate the collection of juvenile algae due to the ease of
extraction and transport, or human pressure on the kelp bed that
prevented S. scurra, D. nigerrima, T. atra, and T. tridentata shells
from reaching their adult size.

A total of 291 modern shells of S. scurra, T. atra, and D.
nigerrima were measured to calculate linear regression equations
and estimate the size of the incomplete archaeological individuals.
Even though the modern specimens were collected in kelp drying
areas at places of constant kelp harvesting, the sizes of modern S.
scurra shells are larger than archaeological ones, with a mean basal
width of 27.4 mm, including sizes between 15.7 mm and 41.6 mm,
corresponding to juvenile and adult specimens (Table 5). The mean
basal width of archaeological S. scurra shells was 18.7 mm, with sizes
between 10.5 mm and 37 mm, corresponding exclusively to
juveniles (Table 4).

The locations from which we collected modern specimens are
areas where fishermen dry algae before transporting them for
processing and are adjacent to the rocky intertidal. The sediment
left after kelps have been taken shows a high density of S. scurra,
D. nigerrima, and Tegula sp., which detached from the collected
algae and were deposited on the sand in a radius of approximately
10 m (authors’ personal observations). Compared to the great
abundance of mollusks of different species that make up the
archaeological shell middens of the coast of Taltal (Olguín, 2013;
Olguín et al., 2015; Salazar et al., 2015), the low number of alga
proxy shells found in some sites rules out the location of drying
areas on or adjacent to the main dumping areas. These are the
areas commonly selected for the location of excavation units of
column samples.

Because the sites included in this study are at different distances
from the coast, their low shell abundance does not seem to be related
to the distance between the sites and the coast but is probably related
to the decision to use dry or wet kelp in the camps or to the
functionality of the shell midden areas sampled by archaeological
excavations. If kelp were taken dry to the camps, alga proxy shells
would have fallen somewhere else or during transportation.
However, if kelp were taken wet and then dried on the sites, the
number of expected shells would be high, as observed in Zapatero
and Paposo Norte 9, where drying activity was possibly carried out
near dumping areas. This suggests that future studies should
consider unusually high density of alga proxy shells as a possible
indicator of alga drying areas.

Some of the multiple uses of kelp by coastal societies on the
Atacama Desert coast imply calcination by exposure to fire. These
include fuel for stoves, preparation of floors or construction material
(Borie et al., 2006), fuel to smoke fish and seafood, and fuel to create
smoke signals to communicate. However, the absence of traces of
combustion in the analyzed shells leads us to suggest that algae were
not processed with fire but were used fresh for other purposes, such
as roofs or floors for huts (Araos et al., 2018) or food (Ainis et al.,
2014).

Kelp have been crucial for coastal societies around the whole
Pacific rim (Erlandson et al., 2007; Dillehay et al., 2008). Their uses
were certainly diverse and associated with different social contexts
and meanings (Pérez-Lloréns et al., 2020). This is shown by the
presence of cochayuyo in the domestic context of the Monte Verde
site during Paleoindian times (Dillehay et al., 2008) and of black
huiro ties in funerary contexts at Pisagua for the Tiahuanaco period
(Ramírez and Quevedo, 2000). Data from Taltal, on the Atacama
Desert coast complement and enrich this record, providing
information on the date, distribution, size, and abundance of
these snail and limpet shells, which are proxies for kelp presence
in archaeological contexts.

Conclusion

Preliminary results presented in this study contribute to the
study of the relevance and uses of kelp through millennia, their
geographic and chronological distribution in human contexts, and
the relationship between kelp forest productivity and human use on
the Pacific coast.

The temporal and spatial distributions of alga proxy shells show
that coastal groups in the Taltal area have been using this resource
for at least 12,000 years. This was reported by Salazar et al. (2018) in
rockshelter sites located on the north and central coast of the study
area. Almost 5,000 years later, alga proxy shells have been found in
open-air shell midden sites, rockshelters, and a mine. Alga use

TABLE 5 Basal width (mm) of modern shells collected for regression analysis.

S. scurra D. nigerrima T. atra

Mean Max Min Mean Max Min Mean Max Min

Basal width (mm) 27.40 41.61 15.76 13.21 24.94 6.12 34.87 57.29 17.57

Total # of shells 124 100 67
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increased around 5,500 cal BP, with a peak between 3,500 and
2,500 years cal BP. This emphasis on kelp collection is observed
exclusively at sites on the north coast of the study area, where more
intense upwelling conditions favor the growth of kelp forests. The
shell sizes at Zapatero and Paposo Norte 9 sites were larger than the
rest of the sites; however, none exceeded 40 mm basal width, which
suggests that there was a constant use of algae that could reduce their
growth cycle due to high pressure on the resource by human
populations. Subsequently, during the Late Holocene, around
2,500 cal years BP, the Paposo Norte 9 site remains the coastal
settlement with the highest abundance of shell proxies, until the
period between 1,500 and 500 years cal BP, where the abundance in
the study area decreases considerably, but evidence of algae
reappears at sites on the south coast of Taltal.

The present study demonstrates how the use of marine
invertebrates as proxies for algae use gives value to small and
infrequent fauna generally not included in archaeomalacological
analyses and, thus, expands the spectrum of resources considered in
the interpretation of the ways of life of the fisher communities of the
Pacific coast. The use of these shell proxies also highlights the
importance of considering what is not present/conserved in
archaeological contexts and the role of indirect evidence under
contexts of poor organic preservation.

The development of proper methodologies is crucial to
identifying and analyzing archaeological evidence of kelp to
explore research questions about their importance in human
history, characteristics of kelp forest ecosystems during the last
millennia, and the effect of environmental and human factors on
their use and abundance.

Future archaeological and ethnographic studies will be necessary
to expand interpretations on the use and processing of algae,
through systematic surveys and sampling in possible drying
areas, as well as through archaeobotanical, sedimentological, and
microstratigraphic analyses focused on the detection of kelp
remains.
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