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Abstract

An increase in shellfish exploitation and strong seasonal fluctuations in terrestrial
foraging atca.100 000 years agoalong the Cape coast Isbeen noted. It is hypothesised
that marine foraging provided a more reliable yearround source of nutrients. As Turbo
sarmaticus(alikreukel) is one of the major prey species found atliddle Stone Ag§MSA)
sites along the southern Cape, and&siesRiver Main Site(KRM) specifically, this species
was targeted in an archaeological andctualistic study. T. sarmatiais specimens were
collected and processedby two participants to examine the possible methods used by
MSA foragers andhe meat was extracted using three tool types (bone, lithics, wood).

Some specimens were cooked whilst others were processed raw.

An analysis of the lengths off. sarmaticusopercula of the ca. 10@00 years ago Shell
Midden One (SMONE) layer from KRM showkdt the archaeologicabpercula are similar

in size to the experimental sampleA larger proportion of the archaeological opercula
however, fall within the smaller size range. An age index was developed for sarmaticus
by correlating operculum size to &ell size. This suggested that the archaeological
specimens were younger when collected, or that theforaged during spring or winter.
The opercula from SMONE are markedly smaller than other MSA Il opercula from the
Cape coast butbigger than LSA operculaThis might be related to more intensive
predation, seasonality and sea surface temperaturéd taphonomic analysis of both the
experimental and archaeological samplew/as undertaken. The experimental specimens
that were processed raw indicated percussion ks typically placed in the 34 and 4h
wedges. A proportion of the archaeological sample shows this pattern as wdlhis shows
that some of the archaeological samples may have been raw extractedrthermore, the
breakage types are very similar in bothrsamples, however posidepositional breakage
only affected the archaeological sample. This study demonstrates that broader insight can

be developed through an actualistic study combined with a taphonomic analysis.

Keywords : Turbo sarmaticus alikreukel, opercula, Klasies River Main Site, Middle Stone
Age, MIS 5c, Experimental Archaeology, Actualistic study, Taphonomy, Southern Cape,

Coastal Foraging.
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Chapter 1: Introduction

Turbo sarmaticus(alikreukel) is a species of aquatiGastropoda that is found along the

Cape coastline of Southern Afric@Branch et al. 2022). This species of shellfish plays a

vital role in understanding the foraging behaviourand coastal adaptatiorof Middle Stone

Age (MSA) group (e.g.Langejanset al.2012). This study further investigates the role of

T. sarmaticusn subsistence behaviourthrough an actualistic study An actualistic sudy

involves modern-day experimentation and interpretation in order to gain a deeper
understanding of the archaeologicalmaterial (Outram 2008; Toth and Schick 2009)As

Outram (2008:2) notesz OEUDT OEAOAO AAT AA OAOOAA xEOE A
OAT CA T &£ AT GEOITIi AT OA1T AT 1 AEOQCEIT O OEAO AEI
OAACOFEAMIGE OAAT AOET 08 30AE A@PAOEI AT OO EIT OAOOE
ET OEA PAOO OOEI ¢ OEA [ AOEI AO AT A 1 AOGROEAI O
sarmaticus and other shellfish specimens were collected during winter along the

southern Cape coastt Jongensfontein and they were processed in various ways. The size

of the opercula is an important variablediscussed in MSA coastal foraging studies and

therefore experimental opercula were measured in addition to the archaeological

opercula from ca. 100000 years ago (ka) layer from Klasies River Main Site (KRM). A
taphonomic investigation wasundertaken to understand other processeghat might have

affected the suface conditions of the opercula.

1.1. Research question

1. What information on subsistence behaviour and taphonomy can be inferred from
an actualistic study ofT. sarmaticus?

2. Isthetaphonomy of T. sarmaticusopercula fromlayer SMONEt KRM informative
of MSAsubsistence behaviou?

3. What are the possible site formation processes during this period at the sit@

1.2. Research Aim and Objective s

This dissertation aims to undertake an actualistic studythrough the foraging and
processingof T.sarmaticusand to comparethe foraged operculawith th osefrom SMONE
at KRMdating to ca.100 ka MIS 59.



Objectives:

1. To forage and process T. sarmaticus from the southern Cape coast
(Jongensfontein)

2. To determine the taphonomic characteristics resulting from foraging and
processing

3. To analyse and examine the taphonomic conditions of thexperimental and
archaeological opercula

4. Toinfer subsistence behaviour andbossible site formation processes in the layer

SMONE at KRM

1.3. Rationale

It is hypothesisedthat coastal foraging became more prominenaround 100ka on the
southern Cape coastWill et al. 2019) and that this was associated with evolutionary
advantages. Althougtthe notion of shellfish gathering was initially seen as an inherently
low-return activity (Meehan 1982) there is now an increased emphasis on the
contribution of marine foraged proteins in carbohydrate-rich, plant-based diets (De
Vyncket al.2016: 102). Importantly, it is seen thatintertidal foraging of shellfishprovides
a stable and relatively low depletion resource for human foragersThis would have
provided a more reliable yearround resource baseover the seasonally fluctuating
terrestrial -based resourcegDe Vyncket al.2020). Shellfish exploitation of therecently
excavated layers at KRM has been describ@@renner et al. 2022; Wurzet al. 2022), and
it has been shown thafl. sarmaticudgs one of the major prey specie@Brenner et al. 2022).
Notwithstanding its importance little is known about the foraging, processing and site
formation processes that affect the opercula of this taxome Vynck(2017) undertook an
actualistic study where the foraging off. sarmaticusvas donein a modern context with
indigenous coastal foragers An actualistic study combined with an archaeological
analysis of MSAT. sarmaticus has not been undertaken yet, and thisin-depth
investigation will aid in a deeper understanding of the site formation pcesses and the

shellfish foraging behaviour within this period.



1.4. Hypotheses

Hypothesis 1z An actualistic study ofTurbo sarmaticusprovides new information on

Middle Stone Age coastal foraging.

Hypothesis 2 z The taphonomic analysis of theT. sarmaticus opercula provides
information on the processing.

Hypothesis3 z The taphonomic condition of theT. sarmaticusopercula, indicates that
post-depositional processes affect th operculain layer SMONE

1.5. Conclusion

This chapter introduces the areas ofesearch that is investigated in thelissertations, and
the rationale behind this particular study. Bringing forward the questions that will be
answeredin this research through the actualistic studyand experimentation. In the next

chapter the literature from previous studies is reviewed



Chapter 2: Literature Review

2.1. Site Context

KlasiesRiver main site (KRM is situated along the Tsitsikamma coast of theastern Cape
Province, South Africa. Turbo sarmaticus (alikreukel) is commonly found in
archaeological sites along the southern Cape coastline, including at KRMngejanset al.
2012: 86). KRM has been recognised since the @&Os for its archaeological findingsand
importance. In March 2015the site attained National Heritage Site statugWurz et al.
2018: 103). KRM consists ofour closely located caves and shelters (Caves 1, 1A, 1B and
2) (Brenner & Wurz 2019), with the samples analysedhere originating from Cave 1,
Witness Baulk(Wurz et al. 2018: 103).

KRMwas first excavated inthe period between 1967 z 1968 by Ronald Singer and John
Wymer (Singer & Wymer 1982) From 1984 to 1995 KRM was excavated by Hilary
Deaconwith the Witness Baulk(Figure 2.1), being excavatedbetween 1991 and 1995
(Deacon 1995; Wurzet al. 2018). The excavations were thesafter led by Sarah Wurz

since 2015, continuing with the excavation of the Witness Baulk.

The MSA lllayers at KRM contain theSASU (Shell and Sand Upper) and the SAShell
and Sand Lower)sub-members that fall within the SAS $hell and Sanil member
containing MSA Il Mossel Baystone artefacts(Wurz et al. 2018). The MSA lidepositsalso
consists of large mammal remains shdlfish remains anda large rubble matrix (Wurz et
al. 2018).

The Wurz excavation started in theSASL submember of the Witness Baulkwith the
excavation of the HHH base antthereafter the SMONEKShell Midden One)ayer (Wurz et
al. 2018), the layer investigated in this studySinger and Wymerexcavated the equivalent
of the SASL membein layer 17 (Singer & Wymer 1982; Deacon 1995)

The palaeoenvironmental conditions at KRM during the MSA |l loweran be understood
by investigating the link between fauna and theenvironment. Reynard & Wurz(2020)
investigate the role that ungulate diversity at KRM play in understanding the
environmental conditions during the MSAReynard & Wurz(2020) undertook astudy to
interpret the richness of ungulates in the deposit and the frequenof grazers. The results

indicated a peak during the MSA |, with a substantiarop in the MSA Il and a slight



increase again in the MSA 1lIThis shows that changein vegetationandthe environment
have an effect on the diversity of ungulatedt is suggested that thencrease in ungulates
indicatesa grassland environmentTherefore,during the MSA 1| the environment around
KRM was less grassland and more likelyonsisting ofclosedbushy vegetation(Reynard
& Wurz 2020). It has been suggested thate faunal densityis higher in the MSA Il lower
layers at KRM in SMONEgduring a period that is associated with MIS 5cThe shellfish
density during that same period at KRMis also relatively high, suggesting some link

between occupation intensity and coastal settlemen{Reynard 2022).

The layer investigated in this researchs Shell Midden One (SMONE), which is situated in
the Witness Baulkandis a ca. 12n of baulk sedimert in the central part of cavel (Figure
2.1) (Deacon & Geleijnse 1988).ayer SMONE dates toa. 10ka (Brenner & Wurz 2019).
Figure 2.2 shows the southern profile of the Witness Baulk. Layer SMONE is a sloped
wedge deposit with a thickness of £m in the western part, thickenng towards the east

to 15 cm. The layer consiss of shellfish in asoil and rubble matrix with small charcoal
pieces and small patches of leached agineserved (Brenner & Wurz 2019; Morrisseyet

al. 2022).
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Figure 2. 2: KRM Cave 1 Witness Baulk south wall profile (Brenner et al. 2022: Figure 2, 7).



2.2. Coastal Inte rtidal Zone

The South African coast experience a semidiurnal tidal system (the tides occur twice a
day). This means that ina one-day cycle there will be two high tides and two low tides
(Langejanset al. 2012), with the extent and peak of the tides depending on tHanar and

solar cycles.

The intertidal zoneis the areawhere the water meets theshore between the high and low
tide (Kvale 2006). International tidal zonation classification was determined by
Stephenson & Stephensor{1949) and Stephenson(1939), but here the Langejant al.
(2012, Table 2.1) convention is followedThe intertidal zone of the southern Cape rocky
shoresis subdivided into six distinct zones(Table 2.1). The Littorina Zone (Splash zone)
is the highest zonegemaining out of the water except during high spring tidg Stephenson
1939; Langejanset al. 2012; Branchet al.2022). Just below the Litorina zone or splash
zone, the upper Balaroid Zone occurs. This is the zone between the mean sea level
(between low tide and high tidg and the sea level during high neap tiddgBelow this isthe
Lower Balanoid Zonewhich is the zone between the mean sea levébetween low tide
and high tide) and the sea leveturing low neap tide (Kvale 2006). The lowest intertidal
zone isthe Cochlear ZoneThis is only exposedduring low neap tide andlow spring tide
(Kvale 2006). The Swblittoral/Infra -tidal fringe is directly adjacent to the Cochlear zone
and is mostly submerged except for Spring equinox cyclesa(period ofa full moon that
can be seen during the day and at nigh{Da Silva 2004) and during high-pressure cell
phenomena (Fu & Pihos 1994; Matheret al. 2009; Chandler & Merry 2010) The
Sultidal/Infratidal Zone is the zone which is always submerged(Stephenson 1939;
Kilburn & Rippey 1982; Langejant al. 2012). However, along the southern Cape coast
there are 14-days out of the 28day lunar cycle where the intertidal zone offers high
return rates, andapart from nutritional diversity requirements, terrestrial resources are

important to sustain good cost to benefit ratios over one montiiLangejanset al.2012).

Along the southern Capéntertidal zone, speciesdistribution is rigidly zoned within these
areas (Langejanset al. 2012). In the context of this study five different speciesvere
collected.T. sarmaticuss found within the Lower Balanoid zoneto the Subtidal/Infratidal

zone(Yssel 1989; Pulfrich & Branch 2002)However, they are known to migrate between
the Balanoid and Cochlearones(seeDe Vyncket al.2020). Perna perna(brown mussel)

can be found between theUpper Balanoid and the Subtidal/l nfratidal zone, Cymbula



oculus (goats eye limpej is found between theupper and Lower Balanoid, Cymbula
miniata (pinkray limpet) is found in the Lower Balanoid, and Scutellastra longicosta
(long-spined limpet) is found in the Lower Balanoid (Kilburn & Rippey 1982; Branchet
al. 2010: 168; Langejan®t al. 2012:Table 5,85).

In this study, as mentioned above| refer to the South African coastal intertidal zones set
out by Langejanset al. (2012) (Table 2.1).

Table 2. 1: Intertidal Zonesof Southern Africa and their placement within the intertidal and shallow
subtidal zone (adapted from Langejans et al. 2012: Table 4, 84; Branch et al. 2022) .

Intertidal Zone Placement Tide Levels

Littorina Zone Highest Zone High Spring Tide «——
A

Upper Balanoid Zone High Neap Tide

Lower Balanoid Zone Low Neap Tide

Cochlear Zone

Sublittoral/ Low Spring tide <—
Infratidal Fringe ¢

Subtidal/ Lowest Zone
Infratidal Zone

2.3. Habitat of Turbo sarmaticus

T. sarmaticusoccurs in both warm and cool water (catholic species)(Langejanset al.
2017), and along the southern Cape along the rocgk coastlines between thelLower
Balanoid and the Cochlear zones to between 8 z 12 m depth in the Subtidal zone
(Langejanset al. 2012; De Vynck 2017)with a max of 30 m deptl{(Yssel 1989; Pulfrich &
Branch 2002). As this giant turban snail is abundant,accessibleby hand, has a high

calorific yield, is easily replenished from the shallow Subtidal/Infratidal zone by



migration, their occurrence and foragingare associated WthOE A OB AT OOWeEUDT OE
Vynck et al. 2020: 11) The Agulhas Current, originaing from the subtropical Indian
ocean flows southwesterly along the easeérn coast of southern Africaand carrieswarm,
nutrient -poor waters from the Equator to the Southern OceafKyriacou 2017). The
Agulhas Current results in high species diversityfor shellfish, but with a low within-
species abundance The Bengwela Current, originates in the Antarctic region of the
Atlantic Ocean flowing in a north-westerly direction along the west coast of southern
Africa (Kyriacou 2017). The Benguela current carries cold nutrientrich waters from the
Antarctic to the subtropics (Garzoli & Gordon 1996; Hutchingset al. 2009), with the
current resulting in a low diversity in shellfish species but with high abundance within
the individual species(Garzoli & Gordon 1996; Hutching®t al.2009).

On the south and southeast Cape coagtse Agulhas andBenguela confluenceesults in
species diversity and withinspecies abundanceThis is due to theseasonalupwelling of
cold water from the BenguelaCurrent, which provides the southern Cape coastline with
nutrient -rich waters (Bustamante & Branch 1996; Hutchingst al. 2009; Branchet al.
2022). KRM is situated in themarine province known as the Algoa province. The Algoa
province isinfluenced by the warm Agulhas current and the unpredictable upwelling of
cold water of the Benguela currentcaused by northward winds(Langejanset al. 2017:
62). This is a suitable habitat for a catholic species likeT. sarmaticus(Langejanset al.
2017).

Along the southern Cape coast, the glgical formation of aeolianites along the coast,
(Helm et al. 2018) provides a suitable habitat forT. sarmaticusdue to the lithified beach
sand and is a softer substratuniDe Vyncket al. 2020). The aeolianites in modern studies
show that there is easier access for foragers fb. sarmaticusn this context (De Vyncket
al. 2020). This is because most of the aeolianite shores consist of wide, flat, waue
platforms with shallow pools, and are ften scattered with large slabs of loose aeolianite
(Nami et al.2016). This causes théntertidal zones to be less defined as th€ochlear to
Balanoid zones are wide, with a narrow or no uppelLittor ina zone because of the
presence of aeolianite cliffgfDe Vyncket al. 2020). Table Mountain Group Sandstones
(TMS) are found in the three subcategories exposed rocky headlands wavezcut
platforms and boulders (De Vyncket al. 2020). TMS has a higher diversity of species

targeted by humans. However, the abundance @ sarmaticuds lower than in aeolianite



reefs (De Vyncket al. 2020). The remaining marine habitat types are sandy/beach and

estuarine. However, these do not harboufl. sarmaticus(De Vyncket al. 2020).

Along the southern Cape coastline between Cape Town and Gqgeberfarferly Port
Elizabeth), there is a large record of sebevel change that is associated with the formation
of coastal dunes during the PliePleistocene (Carret al.2019). These coastal dunes later
formed a carbonatecemented aeolianite due to the shifts in temperatureand other
possible variables which are stl under investigation (Carr et al. 2019; Morrissey et al.
2022). The surrounding coasal shelf is associated with Table Mountain Sandstone
(Brenner & Wurz 2019).

During glacial cycles, the nogsubmerged PalaegAgulhas Plain (PAP)directly south of
the sauthern Cape coastwas partialy to fully exposed.Cawthraet al. (2020) concluded
that the PAP intertidal zone was mostly comprised of aeoliate reefs which possibly
increased the calorific productivity for humans.De Vyncket al. (2016) showed that the

existing aeolianite reefs revealedthe highest productivity of all marine habitat types.

An actualistic study by De Vynckwas conductedto understand the depletion of T.
sarmaticusin the intertidal zone, accessible to human foragers the Still Bay area, 300
km west of Klasies River(De Vyncket al.2020: 3). The study showed that over a period
of 10 months there was no significant depletion of this species due to tineability to
migrate from adjacent areado the intertidal zone. Migration was testedand it was found
that replenishment of the intertidal zone did not come from longshore migration but
from the subtidal zone. This means that there is a perpendicular migration to ¢hcoast as
they migrate from the Subtidal @antry&(De Vyncket al. 2020), behind the tidesup to the
Balanoid zone. Ninety-five percent of T. sarmaticuslive in the subtidal zone, butthe
species strivesto live in the Cochlear zone(De Vyncket al. 2020). These results were
interpreted to indicate a high resilience to persistent foraging of this species during lower

pre-historic population densities (De Vyncket al. 2020: 10).

2.4. MSA foraging of shellfish in the southern Cape

24.1. Theory

For this research Optimal Foraging Theory (OFT)is used as a broadtheoretical

background to contextualise foraging patterns. OFT is discussed byangejanset al.
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(2012) in the context of shellfish return rates (see alsdacArthur & Pianka (1966) and
Hawkeset al. (1982) for a broader understanding of the theory). OFT for Mdle Sone
Age (MSA) shellfish collecting relates to foraging strategies and technological
developments that involves the handling costs of specific reources, leading to
predictions according to the modelLangejanset al.2012: 81). In short, OFT investigates
caloric cost to benefit ratiosLangejanset al.(2012: 81z82), discuss planning needed for
optimal shellfish collecting by MSA foragersWhenforaging trips coincided with low tides
allowing for a higher return rate due to the most productive intertidal zone being
exposed OFTis used tohypothesiseA OBBAOT O Bhociax€dl AvithAetatively little
planning, where shellfish species from higher zonesre overrepresented; and for an
OAOT 1 OAA Oftok ©Bed zoreEnle Adll fefiesented (Langejanset al.2012: 817
82). Blombos Cave, Pinnacle Point and KRM sh@achlear zone foragingn some Marine
Isotope Stage 5 periodswhich indicates an evolved understanding of the coastal
environment (Langejanset al. 2012), asT. sarmaticus(alikreukel) are foraged from the

lower zones,the Lower Balanoid and theCochlear zones(Langejanset al. 2012).

OFT in relation to shellfish exploitation further involves return rates, handling, and
search costs. The profitability of a species that is exploited depends on two variables: The
first variable is the return rate, theabsolute energetic value of the shellfishThis can be
modelled by ranking the species according to their raw meat weiglfkilo -calorific values)
(Kyriacou et al. 2014; Kyriacou 2017) The return rateis the rate at which calories are
returned by food, per hour including all caloric costs involved in procurement,
processing, and transport(the optimal costto-benefit ratio) (Kyriacou et al. 2014).
Return rate helps with understandingif there was an indepth understanding of the
coastal environment by the dragers (Langejanset al. 2012). The second variable is the
handling cost (cost to benefit ratio)(MacArthur & Pianka 1966; Langejanst al. 2012:
82). Handling cost is a composite variable, depermait on the OPAAEAO8 AA £EA
mechanisms to avoidoredation and on the capabilities of predators concentrated on the
habitat along the shorelt is alsodependant on the speciesabundance and caloric gain
(Langejans et al. 2012). These species are assumed to have a higher handling cost
(MacArthur & Pianka 1966; Langejan®t al.2012: 82). Search cost looks at the amount of
time the forager spends looking for suitable prey, meaning that if a species is rare, it will
only be encountered sporadically and will be uncommon in excavated assemblages, even

if it is favoured by foragers(Langejanset al. 2012). This means if a specieshabits the
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lower intertidal zones of the shorelinge they are difficult to obtain because they are
predominantly submerged.The wrrelation between search cost and handling cost loak
at the moment at which the foragerecideswhether the prey is ignored, and the search
continues looking for higherranked prey. This is according to OFT and the Diet Breadth
Model (MacArthur & Pianka 1966) For example, encounter rates with higltanked prey
species are less likely, wher@as more low-ranked prey species are likely to be exploited.
This is due to the highefranking species according to yieldeing more difficult to forage.
However, this situation does not always apply to theollection of shellfishespeciallyT.
sarmaticus due to their abundance and are considered a higtanked species(Langejans
etal. 2012). Species are not encountered randomly along the shore but occur in specific

zones(Langejanset al.2012: 82).

24.2. Coastaladaptationsand shellfish exploitation irthe southern Cape

A definition of coastal adaption according towill et al. (2019: 2) is the behaviour
associated with hunter-gatherers where the regular use of coastal resources anthe
formation of settlement along the shorelines established The onset of oastal adaption
is first suggested at164 ka at Pinnacle Point(Will et al. 2016, 2019) However, coastal
adaptation is fully established along the southern Cape coast between 10 and 100 ka
with all the major coastal sites showingcoastalforaging on a regular basiswithin the
Cochlear zoneand fewer Balanoid speciesadded (Will et al. 2016, 2019) andthis occurs
also between 130z 115ka along the western Cape coagKyriacou et al. 2015). Coastal
adaption according to the definition above is very different to maritime adaptation
Maritime adaptation is a much more recentadaptation occurring during the Neolithic
(Lidour et al. 2021: 1). It is the development and diversifying of fishing techniques
including the exploitation of marine animal materialsthat would be harder to forage for
(e.g., shark teeth, string ray barbs) for the purpose of both tools and personal
adornments, as well asthe advancement of seafaring, and colonization of offshore islands
due to theincrease in the number of people along the coafiVill et al.2016, 2019; Lidour
et al.2021).

The Cape south coast has distinct, biotic (tidal) zones characterised by distinaivauna,
some of which are sought by human foragerseeTable 2.2). The lowest tides generally
expose the larger speciesuch & Haliotis midae(abalone) which hasa higher meat yield

but low abundance However, foraging in the intertidal zone near the lowwater mark can
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be dangerous and needs to be timed to coincide with the most favourable part of the daily
tidal cycle and the monthly lunar cycle(De Vynck et al. 2020)In the southern Cape, at
Pinnacle Point,in the 164ka layers, evidence suggestpeople foraged along the higher,
less productive Lower to Upper Balanoid zonesfor Donax serra(white mussel),
Choramytilus meridionalis (black mussel), Perna perna (brown mussel) and Dinoplax
gigas (giant chiton) (Jerardino & Marean 2010; De Vynclet al. 2020: 2; Jerardino &
Navarro 2021). By 100ka, prey speciesuch asT. sarmaticusP. pernaHaliotis spp.and
Burnupena sppfrom the lowest tidal zone, the Cochlear zone, show up in MSA sites such
as Blombos Ca®, Pinnacle Pointand KRM signifying ongoingsystematic exploitation of
shellfish (Jerardino & Marean 2010; Wurzt al.2022). Apart from the shift in prey species
corresponding to deeperinfiltration of tidal-zone habitats, the remains of shells increase
in density, indicating that MSA people increasingly depended on these resources as a
component of their dietfrom 110ka (Will et al.2019; De Vyncket al. 2020: 2).

Table 2. 2: Common species found within the different Intertidal Zones  (adapted from Langejans et
al. 2012).

Tidal Zone Species

Littorina Zone Oxystele spp.

Upper Balanoid Zone Cymbula oculus
Lower Balanoid Zone Scutellastra longicosta
Cochlear Zone Turbo sarmaticus
SuMittoral/Infratidal Fringe Perna perna
Sultidal/Infratidal Zone Haliotis midae

2.4.3. Nutritional Value

Shellfish are nutritionally beneficial and fit the category of saalled functional foods(De
Vyncket al. 2020: 14). However, if shellfish lack resilience in the face of predatiotheir
value as a primary food resource is minimalas ongoing foraging could decrease
productivity (De Vyncket al.2020: 2). Resilience is therefore seen as dependence or high
productivity over a long period of time.Calorific gain is commonly measured through
ethnographic observatiors combined with a quantitative assessment of the associated

harvest. The results are usually expressed in terms of hourly caloric benefit (kcal/it)
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from pursuing various resources(De Vyncket al.2020: 2).In De Vyncket al. (2020: Table
3,7) the total calories forall the T. sarmaticughat were collectedwas 31148.7 kcalwhich
consisted of 81.9% of thdotal calorific percentagefor the entire collection. This means

that one individual T. sarmaticuscontributed 19.22 kcal (De Vyncket al. 2020: 7).

Langejanset al. (2012: 84) looked at the ranking of species by focusing on the shellfish
species that were exploited for nutrition. By comining the data on yield and handling
cost, the assumption was made that the shellfish with the highest meat yield would have
been prefared during collection (Langejanset al. 2012: 83). A quantitative framework
has been setup for broader discussions on the importance and role of shellfish in the
diets of MSA huntergatherers in two disparate coastal regiongsouthwestern Cape and
Kwazulu-Natal) (Kyriacou 2017: 31). The two coastal regiondiffer in shellfish diversity
due to the difference in ocean currents, nutrients in the water andseasurface
temperature (SST)with the southwestern Cape having a higher species diversity due to
the cold waters upwelled by theBenguela current(Kyriacou 2017). The most energy
received from shellfish meat derives from the protein and, to a lesser extent, the lipid

components of edible softissue (Kyriacou 2017: 34).

T. sarmaticusis seen to have the highest caloric harvest values compared to all other
species harvested(De Vyncket al. 2016: Figure 3, 106). Experiments on intertidal
foraging along the southern Cape coast of South Africa g&sgt thatforagerswith simple
tools could extractsufficient nutrient s along stretches of the coast at rates that compare
favourably with the returns from terrestrial hunting and gathering observedin modern
hunter-gatherer societies(De Vyncket al. 2016: 109). The marine intertidal foraging
habitat would often provide higher energetic returns thanother foraging activities.
Additionally, marine invertebrates yield protein content that is comparable ({n weight
ratio) to protein from terrestrial fauna. For example the gonad of a singleScutellastra
granularis (granular limpet) yields 8.1 g/100 g of protein, comparedto the muscle of a
single Kudu which yields 12.9 g/100 g of proteir(Kyriacou et al.2014: Table 3, 68). This
means that while meeting energetic needsnarine intertidal foragers could also easily
deliver sufficient protein in the diet for good health, andmay need to complement the
lean protein shellfish diet with carbohydrate or lipid-rich resources to avoid negative

consequences of a totigh protein diet (De Vyncket al. 2016: 109).
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2.5. Turbo sarmaticus operculum size andOEA ODPOAAAOEI 1T EUD

Turbo sarmaticusoperculum size gives insight intothe life cycle of this specie¢Steele &
Klein 2008). T. sarmaticuggrows in two stages. The firsstageis the first few yearsof the
species lifecycle whereit grows rapidly in size and the second stage is where the grolw
rate of the species slows dow (Yssel 1989) For examplethe shell length will be between
24 mm z 72 mm for the first three years and will be more than 112nm after nine years
(Yssel 1989)

In a study on various coastal sites along the Cape coastline comparing thesarmaticus
opercula size of MSAto Later Stone Age (LSA) coastal occupation siteSteele & Klein
(2008, Klein & Steele 2013 showedthat T. sarmaticusopercula differ in size between the
LSA(median 26.3 mm) and MSA(MSA | median 372 mm, MSA Il median 3% mm, and
MSA Il median 42.3 mm)eriods at KRM (Klein & Steele 2013 10913). The median for
T. sarmaticusopercula lengthduring MSAII, the period during which layer SMONE was
formed wasthus 39.3mm (see also Steele & Klein 2008pteele & Klein(2008) argue that
the larger opercula fromthe MSA sitesare due toMSA humans not exploiting shellfistas
intensively as LSAhumans and therefore, the shellfish were able to develop to full size.
LSAhumans however are thought to havea higher population densityand individuals
who understood the coastal environment better andvere, therefore,able toexploit more
of the shellfish continuously,and as a result the shellfish were unable to develop to full
size (Steele & Klein 2008; Klein & Steele 2013; Klein & Bird 2016)

2.6. Turbo sarmaticus operculum size, growth patterns and the
OAl Ei AGEA AT A AT GEOIT 11 AT OAl EUDPI OEAOQEC
The following section discussesfactors other than predation that might influence
operculasize.An isotopic study looked at the increments of the complex spirals seen on
T. sarmaticusopercula (Figure 2.3), to understand the growth patterns of the individuals
(Galimberti et al. 2017). The opercula did not show any clear annual or suannual bands
(Sealy & Galimberti 2011; Galimbertet al. 2017), as the opercuh grow at a slow rate of
around ca. 9mm per/year during the first three years, slowing to ca. 2nm per/year
thereafter for the remaining years of their 1Qzyear lifespan(Foster 1997; Galimbertiet
al. 2017). T. sarmaticusgrowth is slowed during periods of extreme temperatures
(Galimberti et al. 2017: 6566). During the months of winter, when the water
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temperature is colder (dropsto lower than 14iC in the Mossel Bay region) the growth of
the operculum and shell is slowedThe sameis seen in the hottest months when the
temperature of the water is greater than 23,6C (Sealy & Galimberti 2011; Galimbertet
al. 2017). Therefore, it is believed thatthe sea surface temperature (SST) woulthave a
direct effect on theT. sarmaticusgrowth and would consequentially affect the size of the

operculum, showing that theclimate and environment play a role in th@& growth.

The size of T. sarmaticusand thus the size of the operculais dependent on the
environmental conditions and larger T. sarmaticus are generally associated with
increasednutrient availability (Sealy & Galimberti 2011) An increase in SST would have
a slowing effecton T. sarmaticus as thewarm water increases the metabolic rates of the
mollusc (Sealy & Galimberti 2011; Langejanst al. 2017), resulting in a decrease in the
size of the opercula due to the slowed growthate. There is an increase in prodativity in
colder SST due to the incrase innutrients from algae and plankton(Langejanset al.
2017).

Figure 2. 3: Spirals on T.sarmaticus operculum (adapted from Galimberti et al. 2017: Fig.1, 63).

A study was conducted that documented the difference between the growth rates and
reproductive fitness of T. sarmaticuswhich were kept in a controlled tank environment

(Foster etal. 1999). The oceanic productivity, of organic matter by phytoplankton, hpk
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generate food for shellfish, and variations in oceanic productivity affect the marine food
chain and may affect the size and distributions of shellfish speci€Sealy & Galimberti
2011). The results showed that there could be a regional difference inghgrowth of T.

sarmaticusdue to the different algae species affecting the growth rafg&oster et al.1999).

2.7. Seasonality and Turbo sarmaticus

Seasonality is akey dimension of subsistence behaviour based on the acquisition of
resources and the occupabn of sites (Loftus et al. 2019). In southern African
archaeology a framework on seasoml mobility has been used to explore whethehunter-
gatherers exploited between coastahnd inland sites due to fluctuations in seasonality
and understand the different resources found between the different ecozones
(Parkington 1976). The seasonal occupation of coastal sites compared to yeaound

occupation.

Loftus et al. (2019) provided a perspective of shellfishforaging seasonaly along the
southern Cape coastline in the context of existing detaileccoastal archaeologicalsites
and records Oxygen isotopes from marine mollusc shells can be used taeconstruct the
seasorality of the sea surface temperature (SST) during the period of shell growthnd
seasonal climate changes to the environment (Loftust al. 2019). Loftus et al. (2019)
conducted the oxygen isotope study using. sarmaticusopercula from five archaeological
sites (Nelson Bay Cave, Robberg Cave, Byneskranskap Klasies River Main Site and
Pinnacle Poin) along the southern Cape coastlin@ithin the last interglacial cycle.TheT.
sarmaticusopercula from the five assemblages showed visible growth increments the
flange surface due to the species location in the intertidal zone, it can be used as a good
indicator for SSTand for palaeotemperature reconstructionas they are mosty always
submerged(Loftus et al. 2019).

Semtannual foraging patterns based om 180 analysis for KRM(MSA Il Lowel T.
sarmaticusopercula showedmore warm water (summer and autumn) (n=7) foraging
patterns but not a bigdifference between the cool wate{winter and spring) (n=5) with
the quarterly season mainly showingautumn (n=4), spring (n=3) and summer (n=3)
(Loftus et al. 2019: 9). The majority of the MSA coastasites showed evidence oforaging
of T. sarmaticusduring summer and spring compared to theLSA coastal sites where

spring andwinter w ere much more evident(Loftus et al. 2019).
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The analysedassemblage from KRM during.oftus et al.(2019) study showed the fewest
T. sarmaticuswere harvested during winter, which is the least optimal foraging seasan
The KRM assemblagshowed a stiong seasonal signal witmearly 50% of the assemblage
being foraged during springand notably less during summer, the optimal foraging period
(Loftus et al.2019).

2.8. Previous work on experimental processing of Turbo sarmaticus

De Vyncket al. (2016: 102), described caloric return rates ointertidal foraging within an

actualistic context along the Still Bay coastlineThey found that the variables that could
AEEAAG £ OACET C OAOGOOT O ET Al OA AlfeveldiickrsEl AEOE
The tide is a synthetic controlling variable, which can affect the foraging success, like an

ocean swell, wind, and rain(De Vyncket al. 2020: 5). Statistical analysis was used to

investigate the effect of tidal level, habitat type and weather pgterns, as well as age and

sex of the forager to measure shellfish return ratefDe Vyncket al. 2016: 102). Overall,

the harvest was mainly comprised off . sarmaticus56.1%) (De Vyncket al. 2016: 102)

In the experiments undertakenby De Vynck(2017), nonzmetal tools (bone tools and
wooden sticks) were created to forage and process shellfishy indigenous coastal
foragers. The 2017 methodology, similar to those used in this study and described in
Chapter3, was informed by theindigenous coastal foragers, due to their knowledge and
experience with coastalforaging and processing of the shellfisispecies,as well astheir
experience with being in the intertidal zones and produing tools that would be
successful during the process.The collection of material for tool production was done
before the experiments as bone and wood used neeed time to dry before tool
production could occur. The production of the tools was done along the protruding rocks
along the Still Bay coastand only ance the tools had been produced the foraging could
take place. The foraging for the shellfish took place taspring low tide and was done by
experienced foragers from thelocal indigenous communities. After the foraging hal
taken place,the processingoccurred in a similar style as discussed irDe Vyncket al.
(2016: 109). Both the raw and cookedprocessing wasdone bythe sameforagers after
foraging was completedand extraction of the edible portion was done after cookingnd
for some, the extraction was done raw(De Vynck 2017 Appendix 3). T. sarmaticuswere

usually cooked in batches of 1520 shellsplaced directly on the coals Figure 2.4). The
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cooking occurred in batches asthis way, the meancooking time required was only 27
seconds per item. EKtracting the meat from the shell Figure 2.5) and removing the guts
before consumption took 18 secondger item on average (no variance was measured
because numbers are calculated from a single large batdie Vyncket al.2016: 109).T.
sarmaticusdid not require constant attention but cooking instead took place while the
foragers were conversing, sociaiing and repairing tools (De Vyncket al.2016: 109). In

this study, these experimentsare expandedon, and the tools produced for the De Vynck

(2017) experiments are replicated.

Figure 2. 4: Cooking of T. sarmaticus on the coals (De Vynck 2017: Fig. A 3.15a, Appendix 3).
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Figure 2. 5: Raw extraction of the meat from T. sarmaticus shell with a bone tool (De Vynck 2017:
Fig. A3.12, Appendix 3).

2.9. Turbo sarmaticus opercula and site form ation

Taphonomy is the study of the biological, physical and chemical processes that change
organisms after death(Lyman 1994). As there are no published papers that have studied
taphonomic aspects of T. samaticus opercula, literature relating to Turbo undulatus
(Common warrener) was used to help understand thetaphonomic characteristics of
shellfish within the same genus(Sherwood et al. 2016; see alsoHolmes 2020). T.
undulatus opercula are found along the southern Australan coastline in Holocene
occupied sites. Sherwood et al. (2016) investigated the differences between
anthropogenic, naturally occurring, and coastal gull middensAnthropogenic middens|or

in the case of Sherwoockt al. (2016) Aboriginal middens] are defined asmiddens that
have beencreated by human collection and consumption o$hellfish andfeature a bias
towards larger shells found in the midden due to theprey selection This mears that
larger opercula will be found at the site predominantly dueto the selection of larger
individuals (Sherwoodet al.2016). Naturally occurring middensare beach deposits that
occur due tostorm surges that wash the opercula to the shore. In beach depositswide
variety of sizes are seen with a higher proportiorof smaller opercula. The opercula from

a beach deposit will showevidence of waterwear or rounding of the edges due to the
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abrasion of the sand and wavegsee Chapter 4: Analytical Methodsg (Sherwood et al.
2016).

Human depositionalmiddens or cultural middens are formed at occupation siteswhere

the processing of shellfisitook place(in the case of KRM, that the cave$. In South Africa

few researchershave looked at understanding how cultural middens form and the
possible taphonomy that goes along with the human interaction with shellfish and
opercula (cf. Sherwoodet al.2016; 2018). A study done insouthern Australian on early

and late HoloceneAboriginal coastal occupation siteslooked at understanding the
taphonomy left on the shells of T. undulatus. However, there were no conclusive

differencesbetween the cultural middengtaphonomy and that of a coastal O I niidded.

Burning was the only attribute that distinguished between the human and natural
midden (Sherwoodet al.2016; Sherwoodet al.2018).

2.10. Conclusion

In this chapter, the literature on KRM and the context of the material analyseldave been
discussed The literature on previous actualistic work associated with T. sarmaticusthe
understanding of the influences of exploitation coastal adaptatioms, the environment and
the factors of SST anthe presence or absence afiutrients that can affect the growth of
T. sarmaticusand their operculumwere addressed In the next chapter the methodology

and materials used in the actualistic study conducted for this paper discussed
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Chapter 3: Experimental Materials and Methods

3.1. Introduction

An actualistic study was undertaken to investiga the subsistence behaviour and
taphonomic marks that are left onT. sarmaticusrom the MSA Il layer SMONEt KRM In
this chapter, the experimental methodologyis describedinvolving the foraging practice

and methods used for processing.

3.2. Foraging

The foraging experiment to collect and proces$urbo sarmaticus(alikreukel) , and three
other shell species, took placat Jongensfontein, Still Bay, Western Cape, South Africa
(Figure 3.1). Three different locations were visited Figure 3.2). Experimentation took
place over a period of seven days, between the A&igust 2021 and the 25 August 2021
(late winter), during a period of spring tide (full moon). Tidal variation occurs at several
levels based on the monthly lunar cycles (spring and neap tides) and daily lunar cycles
(low and high tides). The maximum monthly lunar cycle variation is classified into spring
and neap tides, which are driverby a relative lunar position to the sun(Marean 2010:
432). Field research commenced after the habitat, the correct ethnographic replication of

tool production and foraging, and the materials requiredvere studied.

To conduct the foraging researcha Reseech fishing permit was obtainedfrom the South
African Department of Environmental Affairs RAppendix 1D.1: Research Permit
(RES®217z85)] which allowed the collection of 150 individual T. sarmaticusthat were
greater than 55.5 mm in shell length. In addition, an annual Fishing licenceAppendix
1D.2: Additional Fishing Permit (1052834)] was bought from the Still Bay Post Office,
allowing for the collection of additional mollusc species and an additional five individual

T. sarmaticus
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Figure 3. 1: Jongensfontein, where the experimental foraging took place, i n relation to the southern
Cape coastal archaeological sites Klasies River main site (KRM), Blombos Cave (BBC) and Pinnacle
Point (PP) (Google Earth Pro 2021a) .
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Figure 3. 2: Foraging locations for Still Bay foraging experiment, A: Test foraging day at
Jongensfontein East, 1: Lithics foraging at Jongensfontein West, 2: Wooden tool and Bone tool
foraging at Brandersfontein Farm (Google Earth Pro 2021b) .
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3.2.1.Participantsand Prey

For the purposes of thisstudy, Dr Jan De Vyncks referred to asparticipant 1 (P1) and |,
Carl Holmes,as participant 2 (P2). P1 has experience through observations ofocal
coastal foragers and had learnt foraging and topinaking techniques from them(De
Vynck 2017). Beforethe experimentP2 hadno foraging experience or experience making
tools. P2 had to learn while foraging andcould be consideredto have the same skills as

an adult with noforaging experiencein aMiddle Sone Age (MSA)context.

For the foraging we targeted five intertidal species commonly found within the
archaeological record along the southern Cape coast. The five species were targeted as
they probably would have foraged at the same timén the past T. sarmaticus(Figure 3.

3A and B, Perna perna(brown mussel) (Figure 3.3C), Scuellastra longicosta (long-
spined limpet) (Figure 3.3D), Cymbula oculuggi A06 O A U(Rigure B.BH Ard q
Cymbula miniata(pink ray limpet) (Figure 3.3F), with the processingfocusing mainly on

the T. samaticus

Figure 3. 3: A, the dorsal side of a T. sarmaticus shell, B, the ventral side of the T. sarmaticus shell
with operculum in place. C, ofan intact P. pernashell. D, ofthe ventral side of the S. longicostashell.
E, ofthe ventral side of the C. oculusshell. F, ofthe ventral side of the C. miniata shell.
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The opercula from theT. sarmaicus are the focus of the study. The operculare hard
round/oval calcium carbonatedisks carried on the footof the speciesThe T. sarmaticus
opercula have a rigiclaudent spiral with multiple spirals and the shape of the opercal
fitting the opening (Checa & Jiménediménez 1998) where the spirals rotate in a
clockwise direction. The operculaservethe purpose of protecting the molluschead near
the shell aperture (Checa & Jiménediménez 1998) TheT. sarmaticusoperculaconsistof

two sides, the dome (ventral) and the flange (dorsal) $eeFigure 3.4).

Figure 3. 4: A,dome (dorsal) surface of the T. sarmaticus opercula. B, the flange (ventral ) surface of
the T. sarmaticus opercula.

3.2.2.Habitat

The foraging of the shellfish took placdetween the Lower Balanoid and the Cochlear
zonesduring low tide (Table 2.1) (Stephenson 1939) correspondingto the accessibility
of the tidal zones during the spring low tide(Marean 2010: 432) The geologyof the Still
Bay coastallandscapeis dominated by Table Mauntain Sandstone (TMS) consisting of
boulders, exposed rocky headlandsand wave-cut platforms (De Vynck 2017: 7; Cawthra
et al.2020).
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3.2.3.Foraging Tools

Three different types of toolswere used over tiree days of foraging during low tide One
tool type was used per dayMSA lithicsfrom the spill heap at KRMDay 1), experimentally

made wooden tools (Day 2), and experimentally made bone tools (Day. 3)
Production of foraging tools

Lithics

The lithics used for the foragingexperiment were MSAlithics recovered out of context
from the spill heap at Klasies River Main Sit@-igure 3.5). The lithics were described by
SarahWurz to provide a clear understanding of the types of lithics that were used and
selected by each participantThe lithics in this experiment consisted ofMSA points,

blades, and core edge (iébordant) flakes and blades with the raw material being

quartzite for all the lithics (pers.comm Wurz).

Figure 3. 5: Out of context Middle Stone Age lithics from the Klasies River main site spill heap after
use, showing breakage on the lithics as a result of the experiment .
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Wooden tools

The Wooden toolswere produced by P1 and PZrom Olea europaea sspfricana (Wild
Olive) brancheswhich were collected from the Still Bayarea. This species is the wood of
choice used bymodern day local communities along the southern Cape coast for the
making of wooden tools, due to its accessibility andensity of the wood allowing it to be

reused (De Vynck 2017, pes.comm De Vynck)

The production of thewooden tools took place at Morris Point above the Still Bay Harbour
(34ic v 6 p o h dg @B h w hcTpe P @Bwooden and bone tools vas based on
replicated tools that P1 observed local community membersmake during his PhD
research (De Vynck 217). This was the basis for the production of the tools in this
dissertation. Before the production of the tools, the branches were measured (using a
standard 3m tape measure) to equal @5 m (Figure 3.6A) andwere then cut using a hand
saw (Figure 3.6B). Pre-historic tool producers would have cut the lenths with lithics or
placed lengths in a fire to shorten the branches. We feltat there was no need to replicate
either cutting method as cutting with a saw hadzero effect on the outcome of the
experiment. The wooden tools were producedby scraping the wood on TMSrocks with
guartz veins running through thedominating quartzite base geologyFigure 3.7, Figure
3. 8 and Figure 3.9). Three wooden tools Figure 3.10) were produced by each of the
participants, with the time being recorded for how long theparticipants took to produce

eacd tool.
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Figure 3. 6: A, the measuring of the Olea europaea ssp.africana branches to 0.45 m. B, the hand saw
used to cut the branches before the production of the tools , and Cthe cut Olea europaea ssp.africana
branches for both participants .

Figure 3. 7: Wooden tool production by P2 using the quartzite veins on the T able Mountain
Sandstone rocky headlands .
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Figure 3. 9: Worksite after the tool production, in the image the T able Mountain Sandstone exposed
rocky headland surface shows the site used to refine and sharpen the tool where no quartzite veins
are present.
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Figure 3. 10: Wooden tools made by P2 out of Olea europaea ssp.africana branches.

Bone tools

Four Tragelaphus strepicero$Greater Kudy long bones(1: humerus, 2:femur, 3:radius
and ulna, 4: femur, seeFigure 3.11) from the local butcher in Still Baywere used to
construct the bone tools. o long bones were baked in the oven for 60 minutes at 20Q,
and the remaining two bones were kept raw.Cooking lone before production was
conductedunder the assumption that marrow was important for MSA foragers to add to
the optimal caloric gain per energy packagéindividual animals) (Hawkes et al. 1982;
(AxEAO OQ [/ & #.1AIsd, hdatreatedubane i§ potentially denser and more
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effective as a tookhan raw bone (Bradfield 2015). The bones were then placed on the

roof to dry for a week.

Figure 3. 11: 1, T. strepiceros humeru s (baked) . 2, T. strepiceros femur (raw) . 3, T. strepiceros radius
and ulna (baked) . 4,T. strepiceros femur (raw) .

The production of the bone tools took placenear Still Bay in a pristine intertidal area
(34°24'43.80"S, 21°22'49.40"E) along TMS exposedrocky headlands Eachparticipant
received one cooked T. strepiceroslong bone and 1 rawT. strepiceroslong bone to
produce as many bone tools as they couldrigure 3.11). The hammer andanvil technique
were used by both participants, with small cobbles and rocks found near the production
site, to crack open the long boneRigure 3.12) (De Vynck2017), so the marrow could be
removed. Then the participants used the fragment from the long bone to produce the
tools, by rubbing the edge of the bone fragment on the TMS rocks until the participant
was satisfied with the tool produced andthey were similar to the ethnographic
observations (point, blade, or scraper) Figure 3.13) (De Vynck 2017) Tool production
time, per tool and per participant was recorded Most ofthe bone toolswere produced
from the baked bone(Figure 3.14), as the raw bone fragmented into smallnusable

fragments (Figure 3.15B).

31



Figure 3. 12: Cobblestones used for the hammer and anvil technique to crack open the long bone . A
is the Cobblestone used by P1, and Bis the Cobblestone used by P2.

¢ 7

Figure 3. 13: A, the area where P2 produced the bone tools . B, the remains left behind
postproduction (bone marrow, skin, bone fragments).
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Figure 3. 14: A, bone tools made by P2 out of T. strepiceros long bones. B, bone tools made by P1 out
of T. strepiceros long bones.

Figure 3. 15: A, the tool produced by P2 from the baked long bone . B, the bone fragments produced
by P2 from the raw long bone.

3.2.4.Foraging Process

Before the foraging took place each dayhe following data were recorded as affecting
variables (Appendix 1A Tablel), the Geographical Positioning System (GPS) coordinates
for the start and stop location of the foraging patch (uag a Garmin eTre®10 handheld
GPS), the habitat type, the swell size, period and directigw/indy.com 2011), the low tide
and high tide times and tidal heightgtides4fishing.com 2021), the phase of the moon, the
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wind direction and speed (Windy.com 2011), the aspect of the shoreline, the ocean

condition rating (Table 3.1), and the water temperature(Windy.com 2011).

Table 3. 1: Ocean Condition rating scale, calibrated to the Beaufort scal e, showing the optimal and
suboptimal conditions for shellfish foraging.

Ocean Condition Rating Beaufort Scale  Wind (kph) Swell (m)  Status
1 0z2 0z11 0z0.3 Good

2 3 12719 0.4z1 Good

3 475 20738 1.1z2.4 Average
4 6 39750 2.525.8 Poor

5 7712 51+ 5.9+ Unsafe

The Ocean Condition ratingTable 3.1) was correlated to the Beaufort scale rating system
(De Vynck 2017) based o wind speed, and swell size. These conditions affect the
condition of the sea and the ability of a forager to successfully forage in the intertidal

zones. The Ocean Condition Rating is ranked on a scofd @the best) to 5 (the worst).

Foraging time was ecorded to measure caloric return rates (Kcal/Ht) related to the
effectiveness and the effects on the shell damage of the various foraging tool media. 30
individuals of T. sarmaticuswere collected per participant, 10 of each of the limpet
species(S. lamgicosta C. oculusandC. miniatg and 20 P. perna Each participant used
ethnographic observations(De Vynck 2017) to conduct foraging methods within the
intertidal zone and foraging time elapsed when the above volumes per specieem
collected per faaging event. The foraging tools were used to extract the prey species from

the intertidal zone as per ethnographic observations.

3.2.5.Processing

Processing methods of T. sarmaticus were consistent throughout the research
experiment. Each day processingpok place immediately after foraging was completed.
The foraging tools were used during the processingvith the aim to measure the
operculum damage variations between each tooll. sarmaticusoperculum damage was
investigated subsequently in the laboratoryThe first stepin the processing commenced
by weighing out 10 kg of Acacia cyclops(Rooikrans) firewood (using a Pelouzé@

Rubbermaid 45kg x 50g digital hanging scale) and lighting the fie within a container

(one fire was made per day, anthe fire was shared by both participants) Figure 3.16).
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Pre-historic replications of cooking shellfish directly a the fire embers(De Vynck 2017)
However, T. sarmaticuswere placed on a grid above the fire to ensure practical field
research methods for allometric conversions and did not result in a variation from pre
historic cooking results(pers.comm DeVynck). Total cooking time was recorded for each

fire each day from when the fire was started to when the fire was ready for cooking and

cooking time was recorded as a variable affecting the total cqdienefit ratios of caloric
gain (De Vynck 2017)

Figure 3. 16: Fire for cooking T.sarmaticus .

Raw and Cooked Processing

ProcessingT. sarmaticuswas twofold: raw extraction and cooked extraction of edible
portions using the threetypes of ools. The processing started by recording the following
information for both participants: the total weight of the combined foraged shellfish
(using an AWSSR20 20000 g x 10gdigital hanging scale) along with the total count for
each speciesndividually (T.sarmaticus, Pperna, Slongicosta,C.oculus and Cminiata),
and the weight and count for the raw and cooked. sarmaticusedible portions (Appendix
1A.2. Processing Daba

RawProcessing
For the processing of the rawT. sarmaticus the following was recorded during the

processing for eachshell by eachparticipant: the shell length in millimetres (Figure 3.
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17A), the shell width in millimetres (Figure 3.17B), the operculum length in millimetres
(mm), the operculum width in millimetres, the gross weightin grams(g) (using an AWS
SR5 5000 g x 5gdigital hanging scale)the edible portion raw weight in grams (using
an AWS70 709 x 0.01g digital pocket scale)the gonad weightin grams (using aa AWS
70 70 g x 0.01g digital pocket scale)the gonad colour, andthe shell colour (possible
gender difference), and theotal time it took to processthe 15 individual shells(Figure 3.
18). After the P. pernaand limpet species weights were recorded th®. pernawere kept
aside to be consumed later and the limpet species were released back into the nearby

rock pools.

Cooked Proessing

For the processng of the cookedT. sarmaticusthe following was recorded during the
processing for eachshell by each participant the shell length in millimetres (Figure 3.
17A), the shell width in millimetres (Figure 3.17B), theoperculum length in millimetres,
the operculum width in millimetres, the gross weightin grams (using aa AWSSR5 5000
g x 5¢ digital hanging scale)the edible portion cookedweight in grams (using aa AWS
70 70g x 0.01g digital pocket scale)the cookedgonad weightin grams (using an AWS
70 70g x 0.01g digital pocket scale)the gonad colour(yellow vs green gonad indicates
gender), andthe shell colour (possible gender differenceelated to gonad colou), and
the total time it took to process thel5 individual shells(Figure 3.18), andthe time it took
for eachshellfish to cook (Figure 3.19). OnceP1 completed his processingfor his 15
individual T. sarmaticus, P2 would begin to processhis 15 individual T. sarmaticuswith

the same information being recorded.
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Figure 3. 17: A, the shell length measurement technique by P1. B, the shell width measurement
technique by P1.
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Figure 3. 18: Labelled diagram of the internal portion of the  T.sarmaticus .
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Figure 3. 19: A, how the cooked T. sarmaticus individuals bubble when done . B, the cooking of the T.
sarmaticus shells in batches of 15.

3.3. Conclusion

In this chapter the actualistic studythat took place was described, with the methodology
used for the experiment for both the foraging and processing with MSA tools. The
processing methods were discussed on how P1 and P2 approached the raw and cooked
extraction of the T. sarmaticus In the next chapter the methods used to analysehe
experimental and archaeological samples will be compared to interpret theaphonomic

similarities and differences
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Chapter 4: Analytical Methods

4.1. Introduction

Techniques used for the identification ofTurbo sarmaticus (alikreukel) within the
archaeological depositdollow those used byHenshilwood (2008) to identify shellfish at
Blombos Cave (BBC) in the southern Capranch et al.(2010) are used as a reference
for the descriptive details of T. sarmaticusalong with the comparative shellfish collection

housed at the University of the WitwatersrandHolmes 2020).

The analytical methods are relevant to the T. sarmaticusopercula from both the
experimental sample and the archaeological sample. Thepercula were measured,
weighed, and analysedaccording to taphonomic criteria to investigate processes that

influenced it in the pastand to comparethe experimental and the archaeological sample

4.2. Opercula Size

The size of thel. sarmaticusopercula for both samples was determined through multiple
variables. The length, widththickness,and weightwere measured for each operculunor

operculum fragment.

4.2.1. Opercula Length

The length of the longest side of the operculaas measured in millimetres (mm) using a
digital calliper (accurate t00.01 mm) (Assefaet al.2008; Sherwoodet al.2016; Brenner
et al. 2022). All archaeological T. sarmaticusopercula fragments that were equal to
and/or larger than 2 cm were classified as identifiable andwere analysed as an
individual , but size was determined only for complete or almost complete individuals\ll
archaeological T. sarmaticusopercula with a centre spiral present were classified as
identifiable irrespective of the size and wvere analysed as individua. Length
measuremens were recorded according to the placement model and not just according
to size (Figure 4.1). Thiswasbased m the spiral model where each spiral can be seen, as
the spirals are relatively similar for all T. sarmaticusopercula. All the T. sarmaticus

operculafragments smaller than 2cm were weighed as a group fo,ayer SMONE
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4.2.2. Opercula Width

Opercula width is not routinely measured, but we observed that many of them avalz
shaped and therefore attempted ¢ capture this by measuring the width as well The
measurement ofthe shorter dimension of the operculawas measured in millimetres

(mm) using a digital calliper (accurate to 0.0Imm) (Figure 4.1).

Figure 4. 1: A, how the length and width are measured on the ventral (flange) of the  T. sarmaticus
operculum. B, how the length and width are measured on the d orsal (dome) of the T. sarmaticus
operculum.

4.2.3. Operculd@hickness and Weight

The measurement of the thickness of the opercula across the flange (dorsal) and dome
(ventral) surfaceswas done in millimetres (mm) using a digital calliper (accurate to M1
mm). The individual weight of each operculumin grams (g)was recorded usinga digital

scale (accurate to 0.0D).

In order to investigate the relationship between the archaeological sample and the
experimental sample, a ¥Test was conducted to allow for the understanding of the
correlation between the different measurements (Drennan 2010). A TwozSample
Assuming Unequé Variances TzTest was conducted in order to calculate the gvalue

(https://www.socscistatistics.com/tests/studentttest/default.aspx ; Accessed on the
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04/12/2022 ). The zvalue is the value at which the two variances correlate and is shown

as a percentage, the smaller the percentage the more the two variances correlate and the

less random the outcome wagDrennan 2010).

4.3. Opercula Age

The animal age of theT. sarmaticusoperculawas derived from the method usedby Yssel
(1989) who determined age based on the length of the shellas the shell grows
continuously throughout the shellfish life span (Figure 4. 2). However, in the
archaeological materiaJ complete shells are rare dued the crushing and trampling that
occurs over thousands of years. For this studtghe shell lengths from the experimental
sample were recorded along with the opercula lengti(seeTable 4.1) andthe operculum
length and shell lengthrelationship were determined (llano et al.2004).

! 3DAAOI AT8O 2ET Al OOAI AGETT OAOGO xAO

website (https://www.socscistatistics.com/tests/spearman/default.aspx ; Accessed on

the 04/12/2022). and the results were = 0.89 with a prvalue (2ztailed) = 0, meaning
that there is a significant positive statistical correlation between theoperculum length
and the shell length. Yssel(1989), developed an age system fof. sarmaticusbased on
their mortality, production, and recruitment statistics. Yssel(1989) provided an 11-year
age system ¢ee Table 4.2) basedon a 16-year cycle of measuringT. sarmaticus shell

length.

Table 4. 1: Summary of statistics for the experimental T. sarmaticus shell and opercula length.

Variables Shell Length Opercula Length
Mean 81.3 35.1

Median 81.0 35.3

Standard Deviation 10.5 4.0

Range 57.0 19.0

Minimum 55.0 24.8

Maximum 112.0 43.7

Count 180 180
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Table 4. 2: Relative age for T. sarmaticus shell length (from Yssel 1989: Table 11, 77).

Relative Age Shell Length (mm)
Age 1+ 24
Age 2+ 43
Age 3+ 59
Age 4+ 72
Age 5+ 83
Age 6+ 98
Age 7+ 104
Age 8+ 109
Age 9+ 112
Age 10+ 115
Age 11+ 118

The archaeologicalOAT D1 A0 1T DPAOAOI Oio inferAthieagetof thel O
sarmaticus(seeAppendix 1B Tablel). This was done as there isther previous literature

describing the age of thél'. sarmaticusased on theoperculum size.

The T. sarmaticusopercula can be described in four age categorie8:to 3 years, 3 to 6
years, 6 to 9 years and 9 plus yearg éble 4.3). The average lifespan of th&. sarmaticus
is ca. 11 yeargYssel 1989)

Table 4. 3: T. sarmaticus ageindex based on operculum length and inferred shell length (adapted
from Yssel 1989: Table 11, 57).

Age (Years) Operculum Length (mm) Shell Length (mm)
0z3 24730 24772

326 30z40 72798

629 40744 987112

O+ 44+ 112+

42
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Figure 4. 2: P1 measuring the length of the T. sarmaticus shell in the actualistic study.

4.4. Opercula Shape

The shape of the opercula is determined bthe width relative to the length (W/L) x 100.
Relative sizemeasurement of the length and the width of the opercula is expressed as a

percentage.
Opercula Width(mm) / Opercula Length(mm) x 100 = Relative siz€b)

According to the formulaaboveif the outcome is a largerpercentage, the rouner the
opercula. For he purpose of this study an operculum with a relative size percentage
>80% is seen as round in shape and the opercula withrelative size percentage <80 is

seen as oval in shape.

4.5. Opercula Taphonomy Criteria

The criteria described below were used to analyse both the experimental and

archaeological sample.
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4.5.1.Completeness of Operculzome and Flange

The completeness of thel. sarmaticusoperculum dome and flange is determined by
whether the dome and flangeetain their original shape. A complete flange will show all
the spirals on theventral surface (Sherwood et al. 2016), and the complete dome will

show the complete convex surface.

4.5.2 Breakage Typeshown on Opercula

The breakage type is split into dur categories. Intact (no break), Eroded break,
Transversebreak and an Irregular break. This is based on the bone breakage system set
out by Driver (2005) due to there being no literature specific to the brea#ge that occurs

to opercula.

4.53. Incisions on Opercula

The convex surface of the dome odome fragment was inspected forsmall roughly linear
incisions. Theseextent of the incisions, for example whether thegtart from the edge of
the flange where theouter edgeintersects thegrowth spiral of the operculum, hasbeen
noted(Sherwoodet al.2016: Table 2,18).

4.54. Colouration of Opercula

The colour of the opercula was recorded ashades ofwhite, brown, black, yellow/green
and the naturalcolour of the periostracum The natural opercula could show colour from
creamto brown patches. Colouration on archaeologicalopercula specimensnay occuras

a result of carbonisation during the heating process, where the surface changes colour to
a variation of white, brown and shades of blackAssefaet al. 2008). Black and grey
colours are common, brown less s¢Sherwood et al. 2016: Table 2, 18 Sherwoodet al.
2018).

4.5.6. Percussion Marlks Opercula

Pits and notcheshave been recordedseeFigure 4.3). A pit is circular in shape and has
evidence of internal microstriations in bone. Such pit marks are interpreted as
anthropogenicpercussion marksin bone.Percussion notches arelosely associated with
the impact from a hammerstoneand showmicromorphological features(Blumenschine
& Selvaggio 1988) This trait was used to infer anthropogenic percussion relateda

processing of the T. sarmaticusbased on observations during the processing of the
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experimental samplewhere percussion marks were observedafter Blumenschine 1995;

DominguezRodrigo et al. 2009).

\ PM

Notch

HH'HH
cm 1 2 3

HIIIHI!

geody.com 2020

Figure 4. 3: A, an experimental T. sarmaticus opercula showing percussion notch marks (PM) on the
dome surface with a break . B, bone percussion marks caused by hammer and anvil techniques (from
Blumenschine et al. 1996: Figure 2, 498). C, an archaeological T. sarmaticus opercula showing
percussion pit marks (PM) on the dorsal surface
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4.5.7 Bore marks

These aresmall andround holesoccurring on the ventral surfacein line with the central
spiral. There is no literature that describes thesemarks, and these are based on

observations in the samples.

4.5.8. Etching

Etching is thesurface modification caused by roots, soils and other natural processen
a bone (Akman et al. 2005). The soil could cause etching due to its acidity or alkalinity.
Etching isthe porous holes that form on the dome surface of the operculum andasident
on the ventral surface of the operculdafter Behrensmeyer 1978; Andrews & Cook 1990;
FernandezJalvo & Andrews 2016; Sherwooet al. 2016).The absence ohspects of the
dome surfacewas inferred to be related to etching, similar to that seen on bongfter
Behrensmeyer 1978; Andrews & Cook 1990; Fernandelalvo & Andrews 2016see also
Sherwoodet al.2016).

4.5.9. Enwstation of Opercula

A layer of hardered sand or crust occurring on either the flange or domesurface of the

operculum (after Karkanas & Goldberg 2010)

4.5.10. Surface Condition

The surface condition isdescribed asChalky, Porousor Smooth.These conditions have

not been describedn the literature before.

4.5.11 Abrasion

Sheenmarks are visible marks primarily found on the dorsal (flange) surfaces of the
operculad éevated spiral ridges. Edges of chipand breaksthat are rounded or smoothed
can be caused by abrasion known as watawvear (Sherwoodet al.2016: Table 2,18). This
was recorded, aslie langesare greatly reduced or missing(Assefaet al. 2008; Sherwood
et al. 2016).

4.5.12. Preservation of Opercula

The state of the surface is based on how well the specimen is preserved and can be

analysed
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4.5.13 Perforations on Opercula

(@
m
p2)
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m

Perforations are small holesn the flange surface of the operculg $ & %O
Assefaet al. 2008).

4.5.14. Periostracunon Operculum

The flat interior surface of the opercula has a brown/black membrae coating when
removed from the animal's fat. This coating either completely or partially covered the

flangeon some opercula from the bird middengSherwoodet al.2016: Table 2,18).

4.6. Opercula Placement Model

A placement model has been developed based on a model fr@herwoodet al. (2016),
that allows for the taphonomic caused marks tbe givenan exact location relative to each
operculum. Two placement models have been developed, a spiral placement model
(mimicking the spirals seen on the opercula) and the wedge placement model (where the

operculahavebeendivided into eight wedges) (sed-igure 4.4 and Figure 4.5).

! Wedge Placement Model Wedge Placement Model

adapted from Sherwood et al. 2016 adapted from Sherwood et al. 2016

Operculum Length (mm)
Operculum Length (mm)

9 = entire surface 9 = entire surface

Figure 4. 4: Wedge Placement Model (Sherwood et al. 2016) . A,the dorsal side wedge model 1 78. B,
the ventral side wedge model 1z8.
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A Spiral Placement Model Spiral Placement Model

Operculum Length (mm)
Operculum Length (mm)

E = entire surface
E = entire surface

Figure 4. 5: Spiral Placement Model. A, the dorsal spiral placement model A zD. B, theventral spiral
placement model A zD.

4.7. Conclusion

In this chapter the analytical method used to analyse thetaphonomy of the
archaeological and experimental operculavas stated.In Chapter 5 the results from the
analysis using the methods described in the previous two chapters are presented. The

archaeological and modern opercula collected are compared.
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Chapter 5: Results

5.1. Introduction

This chapterpresentsthe results of the analysis othe archaeological and experimental
Turbo sarmaticusopercula, bydiscussingopercula size,age, shapeand the taphonomy of

the opercula

5.2. Operculasize

As discussed inChapter 4: Analytical Methodsthe T. sarmaticusopercula for both the
experimental and archaeological sampke were measured in four different aspects
(Length, Width, Thickness and Weight)Table 5.1 showsthe summary statistics for the
experimental sample as a whole (a combination of both participants 1 and 2, aride
combination of all three tool types) and the archaeological opercula’he meanlength of
the experimental sample is 2nm longer than the archaeological sampleThe width and
thicknessare also larger than the archaeological sampl&he SMONE sample has a wider
range of lengths than the experimental ample, with the range being21.5 compared to
the 19.0 for the experimental sample.Table 5.1 showsthat there are similarities in the
operculalengths between the two sampleshowever,the mediansfor both the length and
width differ with the archaeological samplébeing 2 mm smaller,and with the minimum

and maximum being within a few millimetres of one another.

49



Table 5. 1: A, Summary statistics for T. sarmaticus opercul a with a combination of both P1 and P2
and the combination of all three tool types . B, Summary statistics for T. sarmaticus opercul a from
layer SMONE.

Table A Experimental

Variables Length (mm) Width (mm) Thickness (mm) Weight (g)
Mean 35.1 30.2 9.6 8.6
Median 35.3 30.3 9.6 8.4
Standard 4.0 3.3 1.3 3.0
Deviation

Range 19.0 15.1 7.8 14.7
Minimum 24.7 21.9 4.7 1.7
Maximum 43.7 37.0 12.5 16.5
Count 180 180 180 180
Table B SMONE

Variables Length (mm) Width (mm) Thickness (mm) Weight (g)
Mean 33.6 28.4 7.8 3.0
Median 32.6 29.7 7.9 2.0
Standard 6.1 7.5 1.7 2.6
Deviation

Range 21.5 28.8 9.0 12.6
Minimum 23.3 9.3 2.7 0.1
Maximum 44.7 38.1 11.7 12.6
Count 36 62 189 189

Atztestwas undertaken toinvestigate if the lengths of the opercula of theexperimental
and archaeologicakamples aresignificantly different from each other.The resuts show
that the lengths of the experimental sample and archaeological samples araot
statistically significantly different at p < .05(t-value=-1.88252, p=0.061). The t-tests in
this chapter were calculated through the social science statistics website

(https://www.socscistatistics.com/tests/studentttest/default2.aspx ). A tztest was also

undertaken to comparethe operculum length of specimens collected byParticipant 1
(P1) and Participant 2 (P2) respectively, to compare the samplesThe results show a
statistically significant difference between theopercula lengths as collected bi?1 and P2
(t-value=3.13008 p-value =0.002043).

Although the mean lengths of the archaeological and experimental samples of
sarmaticus opercula are similar, there is an outlier in the experimental sample (light
geend A COAAT q xEOE Glodity a klighOdediehs® inAbke GparQuitiin C

length (Figure 5.1). This shows theeffectsthe ocean conditions have on foraginglhe
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ocean conditions affected the ability to forger deeper into the ocean due to the intensity
of the waves ad swells. This mant that on days with a lower ocean condition rating both
P1 and P2were able to forge deeper into the ocean where the largef. sarmaticus
specimens are, andvice versafor higher ocean condition ratings (seeAppendix 1A.1.

Foraging Datg.

T. sarmaticus Opercula Length
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Figure 5. 1: T. sarmaticus opercula length of raw and cooked from all three tool types from the
experimental sample and the archaeological sample

A tztest was undertaken to test if the experimental and archaeological samples are
significantly different from each other with regards to the width. The results showa
significant difference(t-value=-2.60441,p-value=0.00978). There are a few outliers seen

in both the archaeological sample and thexperimental sample. For the archaeological
sample (salmon colour) there is an outlier of under 1@nm. For the experimental sample

P2 bone cooked extaction (orange colour) has an outlier compared to the rest of the
sample from that participant on that day. Overall, from the experimental sample the
OAOOI 6O AOA OEI EI AO AAOxAAT o0p AT A 0¢ xEOE
0 p Saple.



T. sarmaticus QOpercula Width
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Figure 5. 2: T. sarmaticus opercula width of raw and cooked from all three tool types from the
experimental sample and the archaeological sample
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T. sarmaticus QOpercula Weight
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Figure 5. 3: A,weight of the T.sarmaticus opercula. B, thickness of the T. sarmaticus opercula of raw
and cooked from all three tool types from the experimental sample and the archaeological sample

T-tests were also undertaken to determine whether the thickness and weight of the
archaeological and experimental opercula are significantly differentor thickness there
is a significant difference (t-value=11.37966; p-value is < 0.0000}. Forweight there is
also a significant difference between the samplest-alue=-19.05361; p-value is <
0.00001). The archaeological sample weighless than the experimental sam, and the

experimental sample for both P1 and Phas amuch wider range. For the thicknessthe
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experimental sample has a few outliers, with both outliers coming from the raw

extraction from both P1 (purple colour) and P2 (green colour).

5.3. Opercula Shape

As discussed inChapter 4: Analytical Methods during the foraging experiment, it was
realised that there are two shapes of opercula. Some opercula are rounder in shape and
others are more oval in shape The results of the archaeological sampleare slightly
skewed due to the fragmentation that occurs in the archaeolazpl record. There are very
few opercula that are complete and allow for complete width measuremeniThe shape
could only be determined for the completeoperculum. A width-to-length ratio (W/L x
100) of >80 indicates round, and<80 indicates oval. More than 90% of both the
archaeological and theexperimental opercula are round in shge with very few being
oval (seeTable 5.2 and Appendix 1B Table2).

Table 5. 2: T. sarmaticus operculum shape for the expe rimental and archaeological sample.

Operculum Shape Experimental % SMONE %
Oval 5 29 3 94
Round 174 97.2 29 90.6
Grand Total 179 100.0 32 100.0

5.4. Opercula Age

The experimental sample shows7.8% (n=140) have an estimated age of 3 to 6 yesr
The archaeological sample shows that2.9% (n=18) had an estimated ageof between 0
to 3 yearsand 3 to 6 years, with 143% (n=6) between the age of 6 to 9 yearee Table
5.3 and Figure 5.4).

Table 5. 3: T. sarmaticus opercula length and age index with experimental and SMONE n values.

Age Operculum length (mm) Experimental (n) SMONE(n)
0 to 3 years 24730 23 18
3 to 6 years 30z40 140 18
6 to 9 years 40z44 17 6
9 + years 44 + 0 0
Count 180 42
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T. sarmaticus Opercula Age

Archaeological | | Experimental
80% 1 77.78%
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n==6
Oto3 3106 6tc 9 0to3 3t0 6 6109
Age in years

n=23

Figure 5. 4: Age distribution for the T. sarmaticus based on the opercula measurements of the
experimental and archaeological sampl e (see Table 4. 3).

5.5. Opercula Taphonomy

In this section, the taphonomic indicators ofincisions, breakage, colouration, etching,

encrustation, surfacecondition, abrasion and preservation are discussed.

55.1.Incisionsof opercula

The convex surfacs of the T. sarmaticusoperculum domes or fragments shows small
roughly linear incisions. This hasbeen seerin the opercula from the experimental sample
(Sherwoodet al. 2016: Table 2, 18. The incision thatwas present was measured There

was a total of n=9 experimental opercula that showed thigTable 5.4).

Table 5. 4: Experimental T. sarmaticus opercula incision measurements , with tool type and
participant .

Opercula Number Tool type Participant Length of incision (mm)
2 Lithic (raw) P1 15.8
4 Lithic (raw) P1 10.9
6 Lithic (raw) P1 7.0
11 Lithic (raw) P1 122
15 Lithic (raw) P1 9.2
3 Lithic (raw) P2 12.5
8 Lithic (raw) P2 5.9
10 Lithic (raw) P2 8.5
1 Bone (raw) Pl 6.7
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5.5.2. Completeness @percula

T. sarmaticus Opercula Complete Dome
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= 50%
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&
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8.99%
0% n=17 n=172 n=30 n=150
Complete Incomplete Complete Incomplete
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T. sarmaticus Opercula Complete Flange
B
Archaeological | I Experimental
91.01%
81.11%
75% 1
4]
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£ 50%
[7]
e
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o
25%
18.60%
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0% 1 I n=5 n=12 n=144 n==6
Complete Incomplete Complete Incomplete

Completeness

Figure 5. 5: A, complete dome (ventral surface) on T. sarmaticus opercula for combining the
experimental sample and the archaeological sample . B, complete flange (dorsal surface) on T.
sarmaticus opercula for combin ing the experimental sample and the archaeological sample

The archaeological samplecontains fewcomplete opercuhl, with only 9.0% (n=17) with
a complete dome and9.0% (n=5) with a complete flange This is in contrast to the
experimental samplewith only 83.3% (n=30) with a complete dome and 8.1% (n=144)

with a complete flange after processing(Figure 5.5).
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5.5.3. Breakage of Opercula

The breakage type is split intathree categories(Eroded, Transverse andirregular), as
discussed inChapter 3:Experimental Materials andMethods Opercula were classified as
OET OAAOGS E£ 11 .hoddkgeimental sampld, ediéiariddeter breaks
did not occur, but transverse and irregular breaksoccurred frequently with a pointed
bone, lithic or woodentools (Table 5.5)Table 5.5. This is particularly evidentduring
extraction using lithics as6.1% (n=11) of the raw opercula were intact during the raw
process and17.2% (n=31) were intact during the cooked processing with the same tool
The processing with the use ofithics on a raw specimen revealedhe most opercula with
irregular 3.9% (n=7) and transverse6.7% (n=12) breakage compared to the wooden
tools with 1.1% (n=2)irregular breaks and 17% (n=3) with transverse breaks, similarly
for the bone tools 1.7% (n=3) showed irregular breaks and 0.6% (n=1) with transverse

breaks (Table 5.5).

In the archaeological sampl&2.3% (n=79) exhibit transverse breaks and30.0% (n=56)
irregular breaks. Less than a quarter(24.1%; n=15) of opercula inthe archaeobgical
sampleexhibit eroded breaks(seeFigure 5.6 for the different breakage types and-igure

5.7 for the differences in the breakage types in the tweamples.

Table 5. 5: Instrument vs breakage type for the experimental sample with P1 and P2 combined.

Instrument Breakage Type Extraction Type n %
Lithics Intact Raw 11 6.1
Cooked 31 17.2
Irregular Raw 7 3.9
Cooked 0 0.0
Transverse Raw 12 6.7
Cooked 0 0.0
Wooden Tools Intact Raw 25 13.9
Cooked 30 16.7
Irregular Raw 2 11
Cooked 0 0.0
Transverse Raw 3 1.7
Cooked 0 0.0
Bone Tools Intact Raw 29 16.1
Cooked 26 14.4
Irregular Raw 1 0.6
Cooked 2 1.1
Transverse Raw 0 0.0
Cooked 1 0.6
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Less than a quarter of the archaeological sample is intact whereas most of the opercula
(84.4%; n=151) in the experimental sampleare intact. The majority of the breaks in the
archaeological and experimental sampke are transverse and irregular, however, the
archaeological samplénhas relatively more breakage typesLess than half 42.3%; n=23)

of the archaeological sampldastransverse breaks as 8.9% (n=16) of the experimental
sample show evidence of the same breakage. The breaks mainly occurred during the raw
extraction sample (Table 5.5). In the archaeological sample24.1% (n=15) of the

opercula show eroded breakageTen percent(n=56) of the archaeological sample have

irregular breaks (Figure 5.7).
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Figure 5. 6: Breakage types seen on the SMONE samples A, transverse break, B, eroded break, C,
irregular break, D, Intact.
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T. sarmaticus Opercula Breakage Type

Archaeological | | Experimental
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Figure 5. 7: Breakage type on the archaeological and experimental T. sarmaticus opercula.

5.5.4. Percussiomarks on Opercula

Evidence of percussion marks in the experimental sample is mainly evident on the  T. sarmaticus
opercul a that were extracted raw (Table 5. 6). The experimental sample shows that with raw
extraction percussion notches occur on 35.0% (n=63) of the specimens. For the cooked extraction
6.1% (n=11) of the specimens display percussion m arks. In comparison, in the archaeological
sample both percussion notches and pits are near equal frequency (

Table 5.7 and Figure 5.8). Percussion marks arethus less frequent in the archaeological
samplewith 45.0% (n=81) of the experimental sample showng evidence of percussion
marks and40.0% (n=72) of the percussions are percussion notchgafter Blumenschine
1995; DominguezRodrigo et al. 2009). In layer SMONE 8.0% (n=34) show percussion
marks with there being 10.6% (n=20) for percussion notches and 7.4% (n=14) for

percussion pits.

Table 5. 6: Percussion marks on Experimental and SMONE T. sarmaticus opercula.

Percussion Experimental Raw  Experimental Cooked SMONE
Mark

n % n % n %
Present 68 37.8 13 7.2 34 18.0
Absent 22 12.2 47 26.1 155 82.0
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Table 5. 7: Percussion mark details on Experimental and SMONE T. sarmaticus opercula.

Percussion Mark  Experimental Raw  Experimental Cooked SMONE
n % n % n %

Percussion Pit 5 2.77 2 1.11 14 7.41

Percussion Notch 63 35.00 11 6.11 20 10.58

Percussion Marks on T. sarmaticus Opercula
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Archaeological I I Experimental
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60% 1
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20% 17.99%

0% n=155 n=34 n=99 n=81
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Percussion Mark Details on T. sarmaticus Opercula
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Figure 5. 8: A, percussion marks on the ventral surface of the T.sarmaticus opercula, B, percussion
mark details on the T.sarmaticus operculum.
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55.5. Placement of percussion marks

A placement model was created to help with the accuracy of thaphonomic analysis of
the operculum (Figure 5.9 and Figure 5.10). The majority of the placementsof the
percussion marks in the experimental sample80.0% (n=54) are in the 3 wedge and
30.0% (n=54) in the 4t wedge.For layer SMONEhe majority of the placements 7.4%
(n=14) is in the 39 wedge and10.6% (n=20) in the 4t wedge, with the major difference
being that the SMONE sample showgercussion marks in all wedges of the placement
model where the experimental sampledoes not have marks in the 8 and 8" wedge.
However, during the analysis of the archaelogical sample the majority of the opercul
in the SMONE sample were missing thedaand 4" wedge(Table 5.8).

Table 5. 8: T.sarmaticus opercul a percussion mark placement statistics.

Percussion Wedge

Placement Experimental % SMONE %

1 5 2.8 1 0.5
2 14 7.8 2 11
3 54 30.0 14 7.4
4 54 30.0 20 10.6
5 16 8.9 9 4.8
6 0 0.0 2 11
7 1 0.6 1 0.5
8 0 0.0 1 0.5
9 4 2.2 0 0.0

The majority of the placements of the percussion marks in the experimental sample
mentioned above fallwithin the d spiral with 36.1% (n=65). For layer SMONEthe
majority of the percussion marksconcur with the experimentalwith 14.8% (n=28) in the

d spiral (Table 5.9).

Table 5. 9: T. sarmaticus operculum percussion marks localised statistics ( Figure 5. 9 and Figure 5.
10).

Percussion Spiral

Placement Experimental % SMONE %

A 5 2.8 0 0.0
B 14 7.8 1 0.5
C 6 3.3 1 0.5
D 65 36.1 28 14.8
E 6 3.3 1 0.5
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adapted from Sherwood et al. 2016 adapted from Sherwood et al. 2016

! Wedge Placement Model Wedge Placement Model
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Operculum Length (mm)
Operculum Length (mm)

9 = entire surface 9 = entire surface

Figure 5. 9: Wedge Placement Model (Sherwood et al. 2016). A, the dorsal side wedge model 1 z8. B,
the ventral side wedge model 1 z8.

A Spiral Placement Model Spiral Placement Model

Operculum Length (mm)
Operculum Length (mm)

E = entire surface
E = entire surface

Figure 5. 10: Spiral Placement Model. A, the dorsal spiral placement model A zD. B, theventral spiral
placement model A zD.
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55.6. Boremarks

Bore Marks on T. sarmaticus Opercula

Archaeological | I Experimental

100%

75% 1

50% 1
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212%
n=185 n=4

0% 1

n=161

n=19

Absent Present Absent Present

Bore Marks

Figure 5. 11: Bore Marks were seen on the ventral surface of the T. sarmaticus operculum.

In both the archaeological(2.1%; n=4) and the experimental (10.6%; n=19) samples
there is a low frequency of these markgFigure 5.12) and further investigation is

required to understand what the causeof these marks might be.
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Figure 5. 12: A, bore mark seen on the experimental opercula. B, bore mark seen on the SMONE
opercula.

55.7. Opercula Colouration

The majority of the archaeological samplg61.9% (n=117), shows brown colouration,

34.4% (n=65) are white and 3.®%6 (n=7) are black (Figure 5.13).
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Colouration of T. sarmaticus Opercula
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Figure 5. 13: Colouration on T. sarmaticus opercula.

5.5.8. Etching of Opercula

The majority, 884% (n=167) of the T. sarmaticusopercula in the archaeological sample
have etching present on the ventral surface. The experimental sample show etchiog
33.9% (n=61) of the opercula(Figure 5.14).
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Figure 5. 14: Evidence of etching on the ventral surface of the T. sarmaticus operculum .
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5.5.9. Encrusation of opercula

Encrustation on the T. sarmaticusoperculum is evident in about a third of the
archaeological samplg36.5%; (n=69) (Figure 5.15). The majority of the placements of
the encrustation in the SMONE sample occur in thet4 5h, 7th. and 9" wedges based on
the varying degrees of encrustationln the case of the experimentasample, 1.7% (n=3)

of the sample showed evidence of encrustation, however, this could be cemented sand
that has gathered on the dome of the operculd@he placements of the encrustation in the
experimental samplewere split between the s, 39, 4h, and 8h wedges (se€Table 5.10;
Figure 5.9 and Figure 5.10).

Encrustation on T. sarmaticus Opercula
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63.45%
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Encrustation Coverage on T. sarmaticus Opercula
B
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25%
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Figure 5. 15: A, encrustation on the dome of the T. sarmaticus opercula. B, coverage of the encrusting
on the T. sarmaticus opercula.
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Table 5. 10: T. sarmaticus opercul a encrustation placement statistics.

Encrustation Wedge Experimental SMONE
Placement <1/2 ¥ - 3/4 > 3/4 <1/2 1 - 3/4 > 3/4
1 2 0 0 1 1 0
2 0 0 0 0 1 0
3 1 0 0 1 0 0
4 2 0 0 4 1 0
5 0 0 0 6 2 0
6 0 0 0 3 2 0
7 0 0 0 1 3 0
8 1 0 0 2 2 0
9 0 0 0 13 26 15

The majority of the placements of theencrustation in the experimental sample fall within
the c andd spiral. For layer SMONEhe majority of the encrustation occurswith in the e-
spiral (Table 5.11; Figure 5.9 and Figure 5.10).

Table 5. 11: T. sarmaticus opercul a encrustation localised numbers (Figure 4. 4 and Figure 4. 5).

Encrustation Spiral Experimental SMONE
Placement <1/2 % -3/4 >34 <12 Y%-3/4 >3/4
A 0 0 0 0 0 0
B 0 0 0 0 0 0
C 1 0 0 0 0 0
D 2 0 0 3 0 0
E 0 0 0 17 29 15

5.5.10. Abrasion ofOpercula

Abrasion is very uncommon on the T. sarmaticus operculum flange in both the
experimental with 96.1% (n=173) showing no evidenceand 974% (n=184) for the

archaeologicalsample (Figure 5.16).
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Figure 5. 16: Abrasions on the flange of the T. sarmaticus operculum.

5511

. Preservation of Opercula

T. sarmaticusopercula from the experimental samplewere well preserved. In the

archaeological sample22.2% (n=42) of the operculawere well preserved and 22.2%

(n=42) were not well preserved. Further investigation into the postzdepositional

processing willincrease theunderstanding of the site formation processeqFigure 5.17).
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5.6. Conclusion

This chapter discussd the results of the analysis of the experimental and archaeological
opercula samples It was shown that the archaeological opercula are smaller than the
experimental opercula in all respects, aparfrom lengths. Most archaeological opercula
were incomplete and some postlepositional altering took place. The next chapterwill
interpret the results of this study accordingto the results from this study according to the

literature .
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Chapter 6: Discussion

6.1. Introduction

This chapter discusgsthe implications of the results of the analysis of the experimental
and archaeological opercula sampledDiscussions onT. sarmaticusopercula size, age,

operculaprocessing andoperculataphonomy will be related to relevant literature.

6.2. Opercul a Sizeand shape

The experimental and arclaeological opercula aresimilar in length, however, are
significantly different in width and thickness with the archaeological samplebeing

somewhat lighter than the experimental sample.

In the @redation hypothesisgit is suggested thatthe MSA opercula are larger than the
opercula from the LSAdue to more intensive exploitation patterns in the LSA This might
lead to the expectation that the modern opercula should also bemaller than the M&
operculaif the frequencyof foragingwas more intense in the present day than in the MSA
(c.f. Steele & Klein 2008) In Table 6.1 the experimental and archaeological opercula
median lengths obtained in this study are compared tothose from the MSAIl and LSA
from KRM and BBC (Table 6.1), to further explore differences in median length.The
SMONE opercula are smaller than those from the M3IA(as a whole)at KRM, and the
broadly contemporary MSAIl (M3) at BBC The MSAII opercula are larger than the LSA
opercula from both KRM and BBGas predicted by the predation hypothesisAlthoughthe
opercula from the experimental sample is somewhat larger than the LSA and more
similar in length to the opercula from SMONEthe collecton of only relatively larger
opercula was allowedby the permit. It is thuspremature to interpret the median length

of the experimental sample in relation to the predation hypothesis. It is interesting,
however, that the SMONE opercula are somewhat smallan those from the rest of the
MSAII. This needs to be further investigatd in relation to exploitation levels and/or
environmental and climatic factors that affected the growth of th@. sarmaticusopercula.
Asnoted in Chapter 2:Literature Review, opercula size may vary due to environmental
conditions such as sea surface temperature, seasonal variations and shifts in nutrient
availability (Sealy & Galimberti 2011)
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Table 6. 1: Comparison of opercula length measurement (mm) statistics from various MSA Il and
LSAopercula from KRM and the experimental sample from this study.

(Klein & Steele 2013: 10913)

SMONE KRM BBCM3 KRM BBC Experimental
MSA I (MSAII) LSA LSA
Median 32.6 394 43.6 26.3 28.5 35.3
Minimum 23.3 14.6 20.0 14.4 14.4 24.7
Maximum  44.7 55.0 57.2 42.2 45.7 43.7
n 36 1832 463 166 198 180

Ryano (2014), inthe analysisof the T. sarmaticusopercula found at Klipdrift Cave (KDC)
in the Later Stone Age, saw a variation in the sizes between the LSA layers at KIDET.
sarmaticusoperculafrom KDCshowed a maximum of 47 mm, with a minhum of 10 mm,
with the average median across the various2A layers being 3dnm to 39 mm (Ryano
2014: 174). This difference also needs to be further investigated in relation to the

predation hypothesis (Steele& Klein 2008; Klein & Steele 2013

The foraging for the experiment wasconducted during a non-optimal time of the year
This was dueto foraging taking place inwinter, which is the time of spawn for theT.
sarmaticus(Loftus et al. 2019). It needs to be further investigated whether with the same
results would be obtained if there is now restriction on the size of. sarmaticuscollected
and when collection takes place during a different seasom. sarmaticugs still the species

of choicefor the local communities in the southern Capée Vyncket al. 2020).

Another factor of interest is the experience of the collector. The difference in experience
of the two participants in this study resulted in clear differences in the foraging efficiecy
with the expert forager being able to select specifi€. sarmaticuscompared tothe novice
collecting the T. sarmaticuswhich he randomly came across. The experience level also
was seen with the foragersabilities to handle harsher conditions (expert) conpared to

the struggle of having to stick to the shallow intertidal zones (novice).

The investigation into the shape of the operculavas based on observatios during the
experimental process. There is a small difference seen in the shape of thesarmaticus
opercula between round and ovagland a minor percentage(9.38%) of the archaeobgical
operculaturned out to be oval This may vary between regions and beanfluenced by a
number of factbors besides prey choicgsuch asseasonalityand environmental conditions.

Further investigation would reveal why opercula shape diffeences occur.

71



6.3. Opercula Age

The results from the experimental sample show thathe majority of experimental T.
sarmaticusis older than the archaeological sample4 EA AOAEAAT 1 1T CEAAI
estimated between O to 3 yearsand 3 to 6 years and those of theexperimental sampleis

between 3 to 6 years

As mentioned, there was a restriction on the size of th&. sarmaticusthat could be
collected, but ®asonality may play an important role in opercula sizeThe time of the
year during which T. sarmaticusis foraged would affect the age of the individuals
captured.The season upwelling and shift in the Benguela curremorthward towards the
equator during winter leads to more nutrient-rich water helping the growth of the T.
sarmaticus Therefore,foraging during spring and early summer would yield largerT.
sarmaticus(Sealy & Galimberti 2011; Langejanst al.2017). The experiment in this study
took place in August near the time periodvhen T. sarmaticusspawn. Should the collected
species have been representative of a normal samplenewould expect the individuals
foraged to be youngerFactors that can be considered in future are thpossible effects of
climate change, theupwelling of the Benguela currentmay haveoccurred earlier in the
year, causingthe growth of the T. sarmaticudo begin earlier (Loftus et al.2019). Another
possibility may be selective foraging practice, with the foragers spending more time
looking for larger T. sarmaticus A major factor thatcould have dfected the shell sizeof
the experimental sampleis the regulations set out by theSouth African Department of
Environmental Affairs. Research permis restrict the size to a minimum of 55mm in
length across the shelfor T. sarmaticughat is allowed to be foragedTherefore largerT.

sarmaticushad to beselected by the foragers.

As mentioned above,dr the archaeological sample, there ian even split between those
observed between the estimated age of O to 3 years and 3 to 6 yea®&udies of T
saramaticusage need to take the foraging seasanto account. Very few T sarmaticus
were collected during winter in the KRM MSAI sample as determined by 180 analysis
done byLoftuset al.(2019). Winter is the period of bigger sea swelland adverse weather
conditions so access to the Cochlear zonis limited. The biggestT. sarmaticusoccur in
this zone and smaller individuals occur in the adjacent zone, the Lower Balanomthich
is still accessible during big sea swell.he faunal remains from the SASL at KRM during

the MIS5c periodindicate apossiblecolderinterglacial period during which T. sarmaticus
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were foraged (Reynard & Wurz 2020) However, non-environmental factors based on
socio-economical divisions of labouramong the huntergatherers may have affected the
mollusc size since it was more dangerouscollecting from the deeper intertidal zones
(McLachlan & Lombard 1980)

Seasonality may haveplayed a role in opercula sizelt has been suggested thatooler
water temperatures during winter and spring result in an increasedgrowth rate of
opercula compared toa decreasinggrowth rate linked to warmer waters temperature
during summer and autumn (Loftus et al. 2019). Thus, if foraging occurs during the
winter and spring the T. sarmaticusare inaperiod of growth, possibly resulting in smaller
opercula compared toT. sarmaticusforaged during summer and autumn wherethe
period of growth has already occurred possibly relating to larger opercula(Loftus et al.
2019).

6.4. Opercula Processing

Breakage in the experimatal sample wasgenerallydue tothe extraction of the meat from
the shell when it was not cookedLithics caused most of the breakage in the experimental
sample.For lithicsthe mostcommon breakage type is théransverse break For boneand
wooden tools, few of the opercula show breakagé'he dominance of thetransverse and
irregular breaks in the archaeological samplesuggestsraw extraction with stone tools.
This may be due to breaks occurring due tdamage usingools as 6.67% (n=12)of the
experimental sample shows evidence of the same breakage, and this mainly occurred in
the raw extraction sample.However, the archaeological samplalsoshowed evidence of
eroded breaks which suggestspostzdepositional processes. This could be due to a

number of factorsincluding site formation processes

Percussion marks in the experimental samplemay also indicate raw extraction. The
archaeological sample shownotable frequenciesof percussionmarks, and it isassuned
that, like those inthe experimental sample these marks represent raw extraction.The
placement model shows thatpercussion marks on opercula from the experimental
samplewere placed in the 34 and 4" wedge (seeFigure 4.4) near the outer spiral (see
Figure 4.5). For the archaeological samplgpercussion marks showed a similar pattern

of placement. This shows that the operculain the archaeological sample with the
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percussion marks were also likely extracted raw, as the cooked extraction lacked

percussion marks and breakage.

Another aspect of processing is whether thd. sarmaticuswas cooked directly on the
coalswhere the shell acts aaOP1 08 ET xEEAE OEA [ AAO Al T EOS
exposd to the coals but is exposed to the boilinghoisture content. This causes colour
change from white to brown. When meat is extracted raw, the operculustill adheresto
the meat. The meat would have been placed on the coals caugiogsible colouration on
the operculum as a result of carbonisation during the heating process, where the surface
would change colour to a variation of white, brown and shades of black (Assefa al.
2008). In this case the expectation would be that the opercula might show signs of
burning. None of the archaeologicabpercula retained their natural colour on both the
flange and dome with many opercula(62%) displaying brown colouring. There is
minimal literature on the colouration observed in archaeological opercula. The
assumptionhereis that the colour change observed is either due to heating or staining in
the soil. From field observations, some opercula are coloured when live. This is especially

evident with older individuals. Further investigation and analysis are required.

In the archaeological samplethere was oneinteresting example that indicates some
relationship with charcoal. An operculum from the SMONE layer showed evidence af
possibleline of charcoal (1572 mm long) along the flange surfacérigure 6.1). The line
appearsas if it could have been made intentionally as the line goes from thick to thin
Further microscopic analysis is required to investigate whether the line seen is
intentional. If intentional, this may be interpreted as complex behaviou(Langley et al.

2008) at this early stage of the Middle Stage Age.
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Figure 6. 1: T.sarmaticus operculum #41 from the SMONE layer at KRM, showing a charcoal line on
the flange.

6.5. Opercula Taphonomy

Etching,encrustation,and abrasion give an indication of postiepositional processes. he
etchingis only evident on the archaeologichsample and only on thedome surface of the
opercula and it is most likely that postzdepositional effects caused byroots, soils, and
other natural processedead to the etching The soil could cause etching due to its acidity
or alkalinity (Malinsky-Buller et al. 2011; Reynard 2022)

The encrustation observed on some of the archaeological opercul®3.51%) may have
beencaused by the cemetation of soil after the operculawere deposited. In somecases,
the experimental sample showed evidencef G@ncrustationd h  Asc6uld Bave been
caused by the accumulation of beach sand in the donw# the opercula during the

migration process ofT. sarmaticus

A taphonomic analysis of thdarge mammalfaunal remains from layer SMONE was done
by Lap (2020: 67). The bone showed evidence of a high frequency of fragmentation, with
breakage that occurred due to above sediment pressure, trampling, or excavator damage.
On the faunal remains from SMONE, 19.6% showed evidence of percussion marks, with
some eviderce of acid etching, and rodent gnaws marks. These results from the faunal
remains from layer SMONE reflect similarities to the results on the opercula from the

same layer. With the evidence of breakage and percussion marks dominating in the
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archaeological sample, with the evidence of etching that has occurred pogt

depositionally.

Abrasion on the T. sarmaticus operculum flange is very uncommon in both the
experimental and archaeological sampled his could be due taa process in the soil that
hasaffectedthe surface of the flange making the sheenarks unclear.The preservation
of the T. sarmaticuoperculafrom the archaeological sample variegreatly between near-
perfect preservation and terrible preservation. Further investigation into the postz

depositional processing will further help understand the site formation processes.
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Chapter 7: Conclusion

This actualistic studyinvolved three different tool types associated withthe MSA(lithic,
bone and wooden tools) The experiment conductedin this project differed from other
experiments undertaken in other context becausein this study, raw and cooked
processing was conductedising varioustool types. More damagewas seen on the raw
extracted opercula than the cooked extracted opercu)dut thecooked opercula shoved
some evidence of colouration that was not associated with burnin@ne of theresults of
the actualistic study wasthe demonstration thatthe experience level of the participants,
with one being a novice level and one being agxpert forager, made a difference in the

size of theT. sarmaticuscollected.

The archaeological opercula show some differences compared to the experimental
opercula. The two samples have similar lengths, but the width, thickness and weight are

significantly different. The reason for this should be investigated further.

The taphonomic conditions on theexperimental and archaeologicalopercula show
evidence of a variety of processing marks and taphonomic mark¥he archaeological
sample shows that postzdepositional proces®s affected the opercula that were not
evidentin the experimental opercula.The archaeological operculahow similarity in the
breakage patternsobserved with the raw extracted opercula from he experimental
sample.There is a clear difference seen between th&@. sarmaticusopercula that were
cooked versus theraw ones The cookedT. sarmaticusshow little to no damageto the
opercula whereas the raw T. sarmaticusshowed major breakage or damag to the

opercula.

Future Avenues of Research

The opercula fromvarious MSA and LSAcoastal sitescan be investigated using the
criteria developed in this study. The colour changescaused by theburning of Turbo
sarmaticus opercula need to be investigated further Further study into the breakage
patterns caused by the various tool typesould be undertaken, andpostzdepositional
breakage patterns caused by possible trampling and compaction also need to be

understood. Further investigation is needed to explore the differences in the
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experimental and archaeologicall. sarmaticusopercula shape, size and bore mark3he

age range index that has beedevelopedin this study may be useful in investigatinghe

links betweenageand collecion patternsin relatontotheOP OAAAOET 1T EUDI OEAO
OAl EIl AGEA AT A AT OEOIT1 AT OA1 EUPI OEAOEOG 8
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Appendices

Appendix 1 A: Modern -day experimental data

Appendix 1 A.1. Foraging Data

Appendix 1A.1.. Foraging Notes

Notesfrom Lithic foraging Day 1

The foraging was undertaken on Day 1 over a period of one hour and twentthree
minutes for P1, and one hour and fortytwo minutes for P2 (Appendix 1A Tablel). With

a condition rating of 4, the conditions according to the Ocean Condition Ratinggpendix
1CFigure 1) showed the water conditions weretough, especially for an inexperienced
forager. The foraging with the lithic was a good learning experience for the future days.
Due to the water conditions, the size of th@. sarmaticusshellswas smaller than during

the most optimal conditions.
Notes from Wooden tool foraging Day 2

The foragingwas undertaken on Day 2 over a period of twentyfive minutes for P1, and
forty -six minutes for P2 (Appendix 1A Tablel). With a condition rating of 2, the
conditions according to the Ocean Condition RatingAppendix 1CFigure 1) showed the
water conditions were optimal for foraging, the timeforaging was less to reach the total

amount and the foragers were able to be more selective about the size of the shellfish.

Notes from Bone tool foraging Day 3

The foragingwas undertaken on Day 3 over a period of fortyfive minutes for P1, and
forty minutes for P2 (Appendix 1A Tablel). With a condition rating of 2, the conditions
according to the Ocean Condition Rating Appendix 1C Figure 1) showed the water
conditions were optimal for foraging, the time foraging was less to reach the total amount

and the foragers were able to be more selective about the size of the shellfish.
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Appendix 1A.2. Processing Data

Appendix 1A Table 1: Experimental Opercula processing time for P1 and P2.

Processing P1 z Processing Time (min) P2 z Processing Time (min)
Tool Raw Cooked RawProcessing  Cooked
Processing Processing Processing
Lithics 0:31:00 1:23:00 2:33:00 1:41:00
Wooden 0:30:00 1:30:00 0:45:00 1:29:00
Bone 0:40:00 1:39:00 0:49:00 1:25:00

*Cooked extraction time includes time spent on the fire

Appendix 1A Table 2: Experimental Opercula cooking time for P1 and P2.

Processing Tool P1z Cooking Time (min) P2 z Cooking Time (min)
Lithics 0:42:00 0:29:00
Wooden 0:50:00 0:42:00
Bone 0:19:00 0:10:00

Appendix 1A2.1. Processing\otes

Notes from Lithic processing Day 1

It was found that during raw extractions thelithics will breakor fracture (Appendix 1A
Figure 1A) if the T. sarmaticusis not relaxed Appendix 1A Figire 2B), a hammer and
anvil were used with a guartzite cobble byP2 (Appendix 1A FigurelB). S me opercula
remain glued onto the foot of theT. sarmaticug Appendix 1A Figure 3). For smaller shells,
the operculum would fragment on extraction.Threetools were used at one time, onwas
used as a point with the cobblestoneand one tool was used as a blade to remove the

edible portion of meatfrom the guts.
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Appendix 1A Figure 1: A, cobblestone used by P2 for Hammer and Anvil technique. B, lithic (J -LR 2)
used by P1 that broke while raw processing the T. sarmaticus.

Appendix 1A Figure 2: A, the foot of the T. sarmaticus. B, the muscle near the head sealing the
operculum in place (Cold Water 2016).
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Appendix 1 A Figure 3: A, the workspace during raw processing using lithics. B, the operculum that
fragmented and remained glued to the T. sarmaticus foot.

For cooked extraction, a spiral techniquavas used to remove the meat from the shell as
a complete specimen Appendix 1A Figure4). During the raw extraction, a specific tool
was used to move around the spiralled centre of the shell to remove the flesh intacthifs
was ineffective theparticipants would use their finger to remove the attaching muscle.
With P2 a technique of a hammer stone straight onto the shell was used on one shell, this
causal the shell to shatter and alloved for easy extractionand caused minimal damage

to the operaulum.

Appendix 1A Figure 4: The complete extraction of the T. sarmaticus meat from the shell due to
cooked extraction.
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