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\ strat1graphy, thlS thesis examines the sedlmentary
-

displacement, and chemical weathering.

G-

i ABSTRACT '
In order to aid 1nterpretatlons of shell mrdden

G
& .

behaviour of bryafvermollusk shells during and after their ~
Rls & N |

initial depositiom in archaeological sites. Attention is

focussed on the archaeological sign{;ieance of shell

orientation, fragmentation, disarticulation, vertical.
) 3

The metHodologyﬂof the research includes a generai

"overv1ew of archaegloglcal interests in b1valve mollusks, a

review of pertlnent literature: on the sedimentary behav1our

of shells, experiments involving the cultural dlscard of

shells and human trampling on shell deposits, and an

ana1y51s of sediments from two Northwest Coast
archaeolog1ca1 sites.

The main conclusion of the research is-ttat accurate
1nterpretatlons of shell m1dden stratlgraphy depend not
only on an understanding of past cultural behav1our, but -
also on an appreciation of the behaviour of shells-as
sedimentary particles. - The va;uetof using the_sedimentary

4

properties of shell in archaeoiogical analysis‘is

restricted by several theoretical and methodological

problems. It is-clear, however, 'that an understanding of

blvalve shell taphonomy can be used to (i) increase the

iii
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rellablllty of behav1oural and env1ronmental 1nferens9s

q

'

supported by shell analysxs, (11) aid the 1dent1f1cation of
spec1f1c act1v1ty areas (e g secondary refuse de9051ts of
shell), and/(l11) assess the. level of post- depositional

dlsturbance in shell depos1ts

iv
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CHAPTER 1. . INTRODUCTION
N\

~
¥

Archaeologlcal 1nferen&ES of past cultural behav1ourv

e T L

. are commonly based on the type, frequency, dlstrlbutlon,
and sedlmentarytpropertles of materlal remains in cultural

ﬁ ,deposits. One of the fundamental stages/6f archaeologlcal

,,@

research therefore, should be the identification of any

-

;factors wh1ch may bias the. patternlng of the remains

f(Schiffer 1983, Wood and Johnson 1978) Unfortungtely,

i

'dellneatlng the: b1a51ng effects of site formatlon processes

fon certain classes of material remalns 1s often dlﬁflcult

' '/ .
lThlS problem is espec1ally ev1dent in archaeologlcal &

r'- e

studles of shell mlddens, exp11c1tly deflned in- thlS the51s
. P EA
~as any-cultural dep051t 1n which anlmal shells are the
- o
dominant class of~refuse'larger than‘l“mm In partlcular,

the factors which may blas the sedlmentary properths of
eblvalve mollusk shells durlng ,and after thelr 1nLt1al
dep051trvn in archaeologlcal 51tes are poorly understood‘
There are several reasons why 1t is important to
understand hom the sedlmentary properties of blvalve‘shells

are affected by dep051tlonal and post- dep051t10nal

processes Blvalve shells provide valuable information on

-

palaeoenv1ronments and past human act1v1t1es, 1nclud1ng

data on the phy51cal env1ronment and age of sites, as well

. . s 1
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. as the diet,:population, technology, seasonality,,tradé,

.a%d social organization of past populations. 1If inferences

aboﬁt these phenomena are to be aéﬁep%ed with‘confidence,
then ‘it istessentigl that factors which may bias the
depdsits of‘shell during and after their initial deposition

| in archaeoloéical sites be undefstodd. It is further

. propésed that.an undéfStanding of how depositional and
post=dépositignaiiprocesses affectwéhe sedimentary -
properties of bivalve\shells’ié'imporEgnt for delineating

_ specific activitQIareas ig shell middens. Similarly, a

knbwledgeao% the sedimentary effects of site formation

— B s

,proéegseﬁ“wfii1a1i334fésearchers to more confidently assess
thg.lével of post-depositional disturbance in shell
déposits, thus increasihg reliability of stratigraphic

fihteréretétions.v ) ‘ : ' -

‘ Accordingly,'the principal objective of this thesis is

to examine the sédimenfafy béhavior‘of bivalve mollusk

shells during and after their initial deposition in
archéeolgéical sites. Attentioé,is'foéussed on thé
dynamics and atchaeoiogiéal significanée of the

"orienﬁation,iﬁragmentépion, disarticulation, veitical
dispiacemenﬁ,‘and chemical weathering of bivalQe shells.

This thesis continues the recent emphésis on taphonomic
Sstudies in archaeolog?; As a sub-field of palaeontology,
tapﬁonomy was originaify defi%ed as Pthe‘science of the

2
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laws of embédding" (Ef;emév‘1940), and was initially
concerned\Solely with the post-mortem history of anihal
remains.  éfoad usage of the‘tetm taphohomy in archaeology,
however, includes ali considéiafioné bearing upon }he_lifé
histdry and sedimentology of non-organic as'wéiﬁﬁés”organic
remains and it is sométimés equated ‘with -the more general

~ concept of sitelformation processes‘£Schiffer 1?82:960).
Although a review of gastropod téphondmy hasirecéﬁtiy
~appeared inﬂthe archaeoloqical.liﬁegature (Bobrowsk} 1984),

A

and it is nofgunusual'té hea;?ﬁi~§rtifact taphonomy

- .

.

(Shackley'1978f or the taphonomy of human site§‘(Gifford
1980), the overwhelming majority of'taphonomic‘itudies in
aréhaeology ﬁavg Been concerned'wigﬁ‘vértebrate remains.
This thesis represents the first ;}stematic‘ex;mination of
bivalye shell taphonomy in archaeology.
The archaeological implications ofrbivalve shell
taphonomy are mé&e expliqit th;oughoﬁt the theéis.‘ A
review of previous studies of bivalve shell taphonomy
provides the foundation for a basic understanding of how
shells caﬁ generally be eXpectéd to behave as‘sediﬁentary
particles. Experiments involving the cultural discard of
shells and human tramplihg on shell depoéits contrigute
additional taphonomic information, and an analysis of
sediments from two Nofthwest Coast archaeoiogical éites
demonstrates héw an appreciation of bivalve shell taphdnomy

can aid stratigraphic interpretations.

3



Tbe‘underlyihgrpremise of the résearch is thét
information on depdSitional and post-depositional~events
andﬁéqnditions affecting¥sultural deposits can be obtained
by'sfudying the physical and chemical properties of site’
sediments. This basic tenét has been widely-expressed iﬁ
the archaeologicé; literaturé (e.g. Hassan 1978; Sﬁackley
1875, Stein 1985).

VOn a more generél level, this thegis also is in accord
}with the recent trend tdward’ﬁhiddle—range" researéh in f
‘afchaeology. Middle-range research éncompasses'those
studies which providekinformation on cause and effect,
primarily through actualistic or éxperimental,research,
which is a crucial 1ink between data collection and

ES

Vpehavioural ihferences (Binford 1981; Eéab aﬁdiGobdyear
1984}. Binford (19%7, 1951}, Schiffer (1983), agd others
have expreSéed the vital need for more of this type of
research in archaeology. Hitherto, however, shell midden

archaeology has been largely devoid of middle-range

research.



CHAPTER 2. BIVALVE MOLLUSKS AND ARCHAEOLOGY

INTRODUCTION
This chapte: prdVides the essential 53ckgr&hnd to

understandingthe‘dynamics and archaéologkcal implications
of bivalve shell taphonomy. The first section describes
the general biology of bivélyeﬁhollusks. “Attention is
fogpésed on deécfibing the coﬁposition aﬁd structure of
biJlee ﬁollqsk shells as they'are key variables which
influence their sedimentary behaviour. The significance of
these\variableé is incorporated info later discq?s;ons of
bivalve shell téphonomy, presented in Chapter 3. 'The
vsecond section of the chapter reviews the human
exploitation of bivalve-mollusks, foéussing on the reasons
ana antiduity of bivélvé mollusk exploitation, as well as
kfhe deneral techniques of bivalve mollusk proceﬁgg:; and
the depositipn of the shells as refuse. Finally,(the
chapter prgvides ah overview of shell midden archaeology.
A new definition of shelllmidden is proposed, the
significance of shell middens, especially with reqérd to
shell analysis is discussed, and the need for taéhonomic
research, particularly as'it may aid interpretations of
shell midden stratigraphy, is outlined.

5



GENERAL BIOLOGY OF BIVALVE MOLLUSKS
This study is concerned with the shells of animals
belonging to the molluscan class Bivalvia, alternatively

known as bivalve mollusks, Pelecypoda, Lamellibranchiata,

or simply shellfish. Mollusks are generally defined as
soft, unsegmented invertebrate animals (Yonge 1960:3).
Thelr bodies are usually enclosed in calcareous shells,
although tﬁere are exceptions (e.g. slugs, octopuses,
squid). Distinctive features of bivalve mollusks include
bilateral symmetry, lateral cd@pression, and the
subdivision of the shell into two calcified valves hinqed
- dorsally by an uncalcified connecting ligament (Cox 1969;
Morton and Yonge 1964; Seed 1983; Yonge 1960). Common
types of bivalve mollusks include clams, oysters, scallops,
cockles, and mussels.

It is estimated that there are approximately 15,000
1living species of marine and freShwater.bivalbe mollusks
(Solem 1974). As noted by Seed (1983:12):

Although they are widespread in a variety
of aguatic habitats, their methods of
feeding, locomotion, and reproduction
effectively exclude them from the
terrestrial environment. Most bivalves
are relatively sedentary. Many use their
straplike foot for burrowing into soft
sediments; others attach to or bore into
hard surfaces such as rock or wood, . o
whereas a few have become free swimmers.

A complete bivalve mullusk shell consists of-%wo

usually convex valves, a connecting ligament, and an outer

6



orggnic layer called the periostracum. ‘Tﬂe valves are the
most physically and chemically durable components of the |
shell. The ligament and'periostracum; which are mainly
‘protein, are oﬁten missing in archéeological contexts.,
Major architecfﬁral features and principal’measurement

axes of bivalve &helfs are illustrated in Fiqure 1. The

terms used in the rfigure are those found in most standard

.references (e.g. Abbott 1974; Moore 1969; TaséQALQSOl; The
e e : e ' ;
:-: ‘H piv ) . .

_fgmbd”ié the oldest and usually most durable part of the

yalve and is occasionally referred to as the beak. The end
of the shell closest to the mouth or umbo is anterior and
the end of the shell closest to the anus is posterior. The
margin along‘wﬂich the valves{opeh is ventral. The doréal
*margih is where the hinge, consisting of the ligament and
calcified hinge teeth, is located. Thickness refers to the
distance separating‘the iﬁferior and exteiior surfaces of
the valves, at any particular location. The region of the
vvalves near the umbo is usually the thickest. \

The two valves from the same individual mollusk do not
neceséariiy exhibit the same size, shape, or weight.
Depending on specieé, the valves of mature bivalve mbllusks
may range in length from less than 1 mm to 1.35 m and

| Qeigh up to of 200 kg (Kaestner 1967). The valves of most

bivalve mollusks commonly exploited by humans, howéver,‘

7
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Tigure 1. The Bivalve Mollusk Shell (generalized).

(@3]



Ve

such as the wvarious spedies of mussels, clams, cockles, and
oysters, generally range from 5 to 20 cm in maximuin:

dimension.

~

Bivalve mollusk shell valves are’composed’of‘an organic

£

matrix and calcium carbonate. The  organic matrix, which
rarely exceeds 5$“by weight of the total shell (éurrey and
Taylor 1974), is present between indi#idual crystallites of
calcium carbonate as Qell as,betwéen calcified layérs_of
the valve. The form of calcium carbonate is aragdnite,
cal&ite, or a combination of both. Although bothﬁcaicite

and aragonlte have the same chemical formula; CaCos3,

”;;calc1te generally contalns small amounts of magnesium while

aragonlte is essentlally pure calcium carbonate The prime
control on shell mineralogy 1s genetlc althougp the ratio
. of‘éélcite to‘a;aggﬁite may also,ﬁe'é'funCti&n of sea
temberature and séiinity (Kennedy et?alz 1969; Taylor et
al. 1969). - -

The valves have two or more calcified layers. Each

rayer has a distinct patterning of calcium carbonate which:

is referred to as shell microstructure. A,minimpm of/ll'
i}crostructurehave been identified

types of shell
(Kogayashijl969). Typically, however, inﬂbivalvesfthe
ouﬁer shell layer has a prismatic mitrostructurevanﬁvthe
inner shell layer has a nacreous microstru;ture“(éardinér

1972; Quayle and Bourne 1972; qunwright et al. 1976f.

o
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Prismatic microstructure consists of elongate needles or

rods of calcium carbonate, polygonal intsect%on, while
> . = - - N

.© = . _nacreous microstructure is an aggregation of, very thin

tablet-like crystallites of calcium carbonate arranged into

sheets, which:in cross section look like a brick wall.

«g!

HUMAN EXPLOITATION OF: BIVALVE MOLLUSKS ~ g -

In general, archaeological Ehd‘ethnographic literature
indicﬁteé;}hat the primary objective of bivalve mollusk
collection has been to use the flesh as a dietary resource

(Bailey 1975, 1978; Meehan l??7a, 1977b, 1982; Meighan

1969; Thomas 1981;.Voight 1975). Clearly, however,

mollusks may have been exploited as. a"dietary resource

and/or for numerous other purposes: The flesh, for

example, may also'have'been dsed for baits, dyés; or

"medicines, and the shells for tools, jewelry, or currency

(Biggs 1969; Boyle 1981). Additionalily, the shells may

" have been used to enrich soils or as construction

agjregates, such as for pottery temper, deliberate mound

formation (Brinton 1872; Peterson 1973), and/or to provide

a suitable dry living floor (Bailey 1977; Peterson 1973;

Sutties 1951). The sexual symbalism of certain mollusks

among native groups has received some attention (Harris

'1979:209; Meehan 1982:8), although it is uncertain whether
. ~

they were ever collected solely with this in mind. It is

10.



also worth considering thé§ some bivalye mollusks may have
been s;ught for pearls (Fowke 1902, Jonés 1973).

The following general description of bivalve mollusk
collection, pr;cessing, and depositioh is based on the
exéloitation of bivalve mollusks as dietary resources. The
prihgry reasons fgr this are that'Zhere is little doubt
fhat the dietary value of mollusks was qenérally the
é;incipal reason for collectionrand details of mollusk
expioitation techniques for reasons oth;r than diet are
extremely rare in the ethnographic and archaeolpgicai
‘literature. ”

Bivalye mollusks have been exploited by people for a
considerabie iéngth of time. Shell remains indicate, for
example, that bivaive molluské were included in human diets

400,000 years ado in. Europe (deLumley 1375), at least {)

60,000 years ago in ‘South Africa (Klein 1977; Voight 1973;

\

Volman 1978), and 25,000 to 35,000 years ago in Australia
(Bowdler 1977). .Along‘with other aguatic resources,
howevér, tha»intensive and systematic exploitation of
bivalve mollusks has traditionally been thought to have
been a la;e—Plgistoceﬁe or Holgcene development (Binférd
1568; Evans 1978; Isaac ,1971). | &?
Based on such factors as nutritional vglue and ease of
exploitation, opinions on the desirability of bivalve

moIIu§ks as a dietary resource range from extremely low

11
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(Osborn 1577) to veiy high (Yesner "1980). As ;oted.by
Boyle (1981:27) "Thé flesh of most bivalves is palatable
and rich in protein, lipid, and carbohydrates.”" It ls |
ﬁnlikely, however, that biQélve mollusﬁs have ever beeﬁﬁfge
major dietary resource of people. Thg unlikely possibility
ot molluské constituting'éhe major dietary resource h@s
beer illustrated py Bailey (1978), who calculated that fﬁr

one person to be supplied with enough kilocalories for one

day, with ﬁé»other tood eaten, he or she would .have to

consume 1,400 cock}és (Cardium edule), 700 oysteis (Ostrea
, ; ===

edulis), or 400 limpets (Patella vulgata). It is further

Y
é

reported that the calorific equivalent to one red deer

carcass requireSﬁISS,EOOvcoékles, 52,267 oystefs, or 31,360
limpets (Bailey 1978).

Nothwithstanding the relatively low nutritional value
of bivalve mollusks comﬁared to many other dietary
resources (Bailey 1978; 6sborn 1977; Parmglee and Klippel
1974), they may have been particularly important asﬂf
diefary supplement or buffef in times of stres%l Thé\ﬁalue
of_mollusks as a dietary resource 1is prbbébiy best
egp;esséd by Meehén (1982:110), Commenting'on the diet of
contemporary hunter—gafherers in Australia:

-shellfish play many roles in the dlet.
They are a staple food, a subsidiary
food, a snack, and an alternative food
source when other subsistence strategies

fail.
12
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Although men and children are known to have

occasiohally helped, the collection and preparation of

bivalve mollusks as a diétary resource is generally
cohsidered the world over to be a woman's fask; oéturring
as both an individual and group activity (Bowdleril976; Ham
1982; Meehan 1982; Will 1976). In general, the technology
required for bivalve;ﬁolluskvexploitatiOn was relatively
unsophisticated. Speciesvwhich.bQFrow in sébstratES could
be e#tracted with digging sticks, while those that cling to
rocké could be scraped off, and fhe mollusks wohld
generally be gathered into some kind of container. As
noted by Wing and Brown (1979:94), this,gguld be a
"modified gourd, b%sket} box, or bag made of woven, matted,

or netted"féb;ic; or animal skin.".

Ethnographic literature indicates that although bivalve

o ’

-~

‘mollusks were occasionally opened and eaten raw (Suttles

1951:655, processing of bivalve mollusksjéenerally involved
the application of heat in the form of\ste&mf%g; boiling,
or roasting (Bailey 1577; Elmeﬁdorf 1960; Meehanil982;
Suttles 1951). Agkwell as making the flegh more palatable,
heat causes fhe valves to open, allowing eésy extractionkof
the flesh from:the shell.

The cultural deposiﬁion of shells as refuse is very
poofiy desgfibed:in ethnographic literature. It has Been
obserye%%_@éwever, thaf in témporary cémps, shells are

-

13
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likely to be carelesély distributed over the ground

surface, while in more permanent camps, shells are left in

discrete piles or deposited in specific areas (Meeh§g 1982;
chhumacher11875). ‘These observations are in §§reement with
the geheral notion th;t the more intense the occupation of

a site, the more l%ﬁely that ;efuse will be gathered up and

>

re-deposited (Schiffér 1972, 1976). Where shells have been
re-deposited_jnto specific areas,'it is likély that they
were gathered in a basket or other contdiner and then

dumped togethei. Howéver,Vthere are no specifitc . //>
observations to support t@is;expectation.

&

4

STUDIES OF SHELL MIDDENS 5

-

In'order to fully appreciate the,archaéological
T

implications of bivalve shell taphonomy, it is necesséry to
o .

review the significance of shell'mlddens in archaeologygrgﬁ
particularly with Fegard to shell aﬁalysis, and - - ;
methédological proé}ems in shell:midden research. Thls
sectionﬁbegins with a propoéél for a new deiinition of

shell midden.

Definition of Shell Midden

'The presence of bivalve mollusk shells in an -
archaeolggical deposit may lead to the .designation of thatk»

deposit as a ”shell midden". Unfortunately,'there,ié no

universally accepted definition of shell midden and few

researchers make their criteria for classifying a deposit

14 ‘ F |



as a shell midden %ﬁplicit. Confusion over the use of the

term shell midden has led Meighan (1569:415) to note:

deposit containing a visible guantity

So far as the physicaihyature of;the
site is concerned, "shell midden"® has ‘ .
been applied to any archaeslogical S A

of molluscs. Hence the name has been

-used for archaeological deposits

containing 1% or less of molluscan L e
rgmains (by weight) as well as deposits R
composed almost entirely of shell."” '

" Primary.areas of concern regarding the use of term.

sh;il midden include:

(i)

AV

{vii

- R -

whether the term should be-used to describe entire

o

sites, or specific deposits within sites, ’

.

- whether there should be a minimum quantity of

shell in the deposit,

whether shells introduced by natural agercies

K

should be considered; %

wﬁethgr shells oftnon-molluScan animals sﬁch as

arthropods and echinoderms éhould bé conslidered,

whé%her_the term should be reserved for describing
P :

only in situ deposits,

whether the term should have a functional

¢connotation, such as being representative of only

re-deposited, or secondary refuse, and

wﬂén to use the term shell ﬁidden as opposed to

one of‘its{gériants such as shell heap, shell

~mound, kitchen midden, kitchen mound, or simply

r

midden.

.15



L4 - l ’ .
N
\‘»‘-

Recent atte\\fs to define shell midden have focussed. on
some‘of these concerns but, in my opinion, are still
inadequate. Bowdler (1983), for example, suggeste.tnat in
order to- be ciassified as a shell midden, at least 50% of
the deposit, by weight, should be composed of shell. ‘Due
to the reletively high’volume of ehell in relation tnvshell
weight, however, tnis Qefinition would likely exclude the
vast major;ty of archaeological deposits cuirently‘
classifieq as shell middens; It has been noted elsewhere

that where shell deposits contain more than 30% of shell by.

weight, the rest of the materlal w111 be very inconspicuous
(Meighan 1969; Shackley 1981)
Another recent def1n1t10n, whiqh is excessively long

without specifying a minimun amount of shell, %gscribes

~

Vshell middens as:

accumulations of humanly transported

. mollusc shells of selected food specles,
in situ, or substantially so, and
typically associated with other
archaeological materials including stone
artifacts, beach pebbles and various
selected stones, charcoal, and vertebrate
faunal remalns \ -

”1X(Dortch et al. 1984:83).

PR

In order to simplify and provide more meaning to the

term, I propose that shell midden bevdeflned as any
cultural deposit in wh;ch particles df animal shell are the
dominant class of refuse. : Other classée of refuse should
be sufficiently broad, such as rock o;‘bbne{ to be directly

16 ,

>



comparable té the class of animal shell. 'I further suggest
that for ease of>calcdlating the proportions of various
refuse classes, only those particles lardér than lmm

(i.e. retained bi 1l mm mesh during Sieving) be‘consideréd,
apd.themgroportions be calcu}ated by weight. A deposit
which contains shell, but does not meet the specified'
criperié of a shell midden may be‘described\as a

shéll—bearing archaeological deposit.

The Significances/of Shell Middens

Shell middé%é are a significant class of archaeological
‘deposit for several reasons. 'They have promoted:
theoretical interest in why mollusks would be intensively
exploited as a dietary fesource (Bailey 1975; Osborn 1977;
Yesner 1980); contain a "storehouse of information" on
maritime adaptation (Sanger 1981); and, due'to the re;ease
éf carbonates frém the shell, generally provide excellent
preservativon o% bone and other organic remains. o
Additionally, bec§dse £he shells represent a gathering
activity, shell middehs offer ﬁnique opportunities to study
the preéumed role of women in prehistoric economies
(Bowdler 1976), and due to the often thick depositional
increments, they provide a physical‘séparation of cultural
components not dsuélly fouﬁd in archaeological.sites
(Sanger 1981). Further, as outlined in the followiné
section, the shells themselves provide importanf

information about past cultures and palaeoenvironments.

17



Shell Analysis

Bivalve mollusk shells are an important data source in.
archaeology. ‘They provide véluable information on
palaeoenvironments and past huﬁan activities, including
data on the thsical enyironment and antiquity of sites as
well és the population, technology, seasonglit?, and social
organization of past popglations. This informatiéh is
gleaned largely from identifying the various species of
shgll in a deposit, examining the relative abundance of
shell, and determining when the mollusk died.

Thé identification of shell species is dne of the most
common typeé of shell analy;is undertaken in shell midden
';tudieég 'Tﬁb major reasons .or undértakiﬁg shell
identification are fi; to'provide an indicétion of
variability in thexﬁuman/diet, and (ii) to support
inferené;s\of palaeoénvironmehts. Because bivalvVe mollusks
: expreégfvarying tolerances to environmental ‘factors such as
waéer temperature, salinity, wave orfcurrént‘activity, and

.texture of the substrate, the presence of certain speéies

T

méy be used as indicétors of‘past gnvironmental conditions
‘near the site, including the type of beach or shoreline
‘(éoutts 1970a; Evans 1978; Matteson 1960; Shaékleton 1969;
Voight 1975). Shell identification>may also be used in‘
support of inferences of trade, if shells are deemed to

- . 18



have been transported from outside of a group's normal
catchment area. , -

q§1cu;ating the abundance of shell in archaeological
sites 1is ancsther common typeiof_Sheli analysis} As noted
by ﬁjﬁrose (1967), calculating the ;bunda;ce of sheil in
order to make estimations of human diet, the pqpulation of’
the people inhabiting the site, and ‘the antiquity of the
deposits has been a m;jor research theme in shell midden
archaeology throughout the first half of t@is century. :A
fundamental ﬁfoblem w?th many of thesé éarly studies was
that in order to make inferences of the antiqufpy and puman
population of sites, it was generally assumed that molluské
were the primary food resource, an opinion which isbnot
cu;reng}y accepted. ‘Furthgr problems includgd4the failure
to consider that sites may have been occupiéd only
intermittingly andﬂthe failure to consider the |
post-depositional removal of shell by phjsical.gnd chemical
agents. |

Radiocarbon dating has significantly reduced.the use 6f
"shell abundances to calculate the antiquity of shell |
midéens. It is also worth noting that, with considerable
cautlon, radlocarbon dates can be taken’on the shells
themselves (Gillespie and Temple 1977)}

Recent awareness of the possibility of only

intermittent or seasonal occupations of sites and of

19



the relatively minor role of bivalve mollusks in
prehistoric human diets havg;inc;eased the reiiébility of
using shell abundances to make human popﬁlation estimates.
Accordingly, calculations of how many pegble would be
required to create observed densities of 4hells are not
uncommon in recent studies of shell middens (Coutts 1970a;
Meehan 1982; Voféht 1975). g |
| Another type of shell analysis is concerned with
changes in the Eotal amount of shell or various‘proportions
of.individuél shell species to each other through time.
Such changes are commonly used in support of- behavioural
and environmental inferences. Obvious explanations for
changes in the relative abundance of shell thfough time
include (i) changes 1in tﬁe length of site occupation;
(ii) changes in the number of people occupying the site;
{1ii) fluctuating periods of resource stress, alterihg“the
need to collect mollusks;'(iv) changing;availaﬁiiity of
species_dueytb environmental change (Coutts 1970a); (v)
human overexploitation of certain species (Botkin }980;

Meighan 1969); (vi) changes in food preference *Voight

» 1975); (vii) advancement in mollusk collection and

processing technology (e.g. dredges, larger carrying
conta&ners, cooking methods, storage); and, (viii) changes
in-mollusk exploitative strategies brought about by ai
development in non-mollusk related cultural activities{

20



such as the development of fish-hook techno;ogy in .
Australia (Bowdler 1976). One further important

» ekplanétion for changes in the relgtiv; abundance of shell
through timg which has peen virtually ignored in
archaeological étudies is the éosé&bility of differential
preservation of shells. - -

The horizontal distribution of shell also has generally
received scant attention in archaeological literature. It
may, however, be used in support of inferences of social
organization'and status. Wessen (1982), for example, used
- the horizontal distribution of various species of mollusk
shells, representative of food residues,Adecorative items,
and manufacturing'ﬁaterials, to infer the relative social
standing of 1ﬁdividual families‘and househqlds in a
Northwe$t1Coast archaeélogical site. |

bne of the most vqlued aépects of bivalve mollusk
shells in archaeologiéal analysis is their ﬁse to infer
sité‘seasonality. One technique to determine seasonality
is based on observations of growth rings on shells, By
carefuliy observing daily aﬂd/o;'seasonal shell growth
rings, it is proposed that the season in wﬁich the mollusk
died can be determined (Coutts 1970b; Deith 1983; Ham and
Irvine 1975; Keen 1979), thus leading to infgrences of when
they were‘collected'aqd processed. Indicatibns of when the
mollusk died.can also be obtained through oxygen isotope'
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analysis, in which ratios of 160 to 180 in the shell
provide information on seasqnal temperature changes
(Killingley 1981, 1983; Shackleton 1973). 'Unfortunately,
ithere>are problems with these approaches( including
non-seasonal causes for variation in shell-growth,
non-standardized measureme;%'ériteria, and observer error
in growth ring analysis (Niéholson 1980). Probléﬁs with
oxygen isotope analysis include iﬁs high cost, as well as
questionable‘assumptions involving inter and intra;species
variability, effedts of deglaciation, and other factors
(Bailey et al. 1983). |
There are many other typesﬁof shell analysis which are

occasionally‘undertéken. Changes in the size of shéllg
through time, for exahple, have been explored aé a function
of human overexploitation as well agﬁenvironmental'factors
(Botkin 1980; Dexter 1977; Swadl%ﬁg 1976). Another type of
shell analysis involves determining the ratio of calcite to
aragonite in the shell. As noted by Coutts‘}1970a:40);

it is possible to obtain information

about the older oceanic environments by

comparing the calcite/aragonite ratios of -

extant and archaeological shells.
Shell analysis may also include calculating the total
weight or biomass of the.edible portion of bivalve
mollusks, as represented by the shell, in order to estimate
"~ the relative importance»of the mollusk species to the human

diet (Ham 1976).
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Notwithstandingithe info;mgtion which can, be gleened
from shells in archaeological sites, there are some
eoncerns regarding the reliability and further potential of
‘shell analysis. For instance, there have been{few explicit
considerations of how depositional and peet—depositional
processes may have biased the type,‘abundance, and \
distribution of shells in sites. ‘AcCordingly, behavioural
inferences supported by these sedimentary properties cannot
.always be accepfed with complete confidence. It is also
clear that the full information potential of shells has not
been realized in the vast majority of shell midden
vstudies. There have been relatiyely few attempts, for
example, to use the sedimentary properties of shells, other
fhan‘the type or relative abundancé of shells, as an aid to
the identification of site formation processes. 1In
particular, examinations of the orientation, fragmentatlon,

r

disarticulation, vertical displacement, and chemical

weathering of shells in archaeologieal sites have generally

been either completely absent or of a highly cursory

Tt ¢
¥

nature. ‘ e

Methodological Probléms in Shell Midden Archaeology

As with most class of archaeological deposits,.there
are several methodologica) problems involved in excavation
and analysis of shell middens. Specificly, these include

distinguishing natural from eultural deposits of shell

23
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Lééiley 1975; Coutts 1966; Gill 1951;‘Hu§hes and Sullivan
\1574); the high cost of shell analysis>(ife.f$orting and
weighing) relative to the value.of informat{ﬁh obtaihedf
(Koloseike 1970); and develagiﬂgﬁigigggte/g;mpling and
excavation strategies to deal with the frequently huge
volumes of the deposit (Bowdler 1953).. Perhaps the most
fundamental problem in shell midden archaeology is
associated with identifying sheli’midden formatién

1

processes.

The significanceAéf iéentifying shell middeQ fﬁrmation
proéesses cannot‘be overemphasized. If archéeof%@ists wish
to uéé individual and aggregate properties of shells in
sﬁpport of behavioural or palaeocenvironmental inferences,
then it is esseﬁtiglwghgt the factors which may bi§s shell‘
deposits bé understodd, Particular concerns may includé
assessiqg the contempof;neity'bf shells within the;deposit
or,identifyiﬁg specific site activity areas (e.g. living
floors Qs. dumping‘areas). The fundamental prbblem in this
regard is the 1ack.of criteria which archaeoloéists can use
to reliaﬁiy assess initial pat?erns of deposition apd
post-depoéitionai disturbance. This problem stems from the
facts that (iirthe initial deposition of shells is very
poorly described in ethnographic literature, and (ii)ushell

midden archaeology has beer largely devoid of middle-range

24



research which can link observed phenomena to specific site
formation processes.

It is proposedrin tﬁis thesis that the sedimentary
properties of givalve shells in archaeol;gical depoiits can
be used fo idenkify initial pétterns of deposition;;nd .
post-depositional disturbance, thus increasing’reliability

=~

éf,inferences based on the analysis of the shells or any

"i

\othei?glé%ts associated with shell deposits. 1In

5,

I 3h,
RS

partiéui;r,\it is thought that c%nclusions can be drawn
regarding the depositional anq pé;t—depositional history of
shell middens, based on the o;ientation, fragmentation, —
disérticﬁlation, veftical diéplacement, and'chemical
weathering of their shells.iiThfghconcept is explored in

the following chapters.
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CHAPTER 3. INITIAL CONSIDERATIONS OF BIVALVE SHELL
TAPHONOMY

INTRODUCTION

;;} As outlined in the previous chapter, bivalve mollusk
shells are a tradihional subject of théqretical and
methgdological interest in archaeologx. However, very
little attention has yet been paid to the sedimentary
proﬁerties‘of bivalve shélls, other than species
';idehtification and relative abundance, and what variations
in these properties may mean.

The purpose of this chapter is to provide a basic
' understanding of how the sedimentary properties of bivalve
shells, other than the t}pe and quantity of shell, may ai?i;:J
stratigraphic Lﬁ%erpretations and inérease reliability ot
1nferences supéorted by shell analysis. This is
accompllshed thrdUgn a taphonomic framework. The
orientation, fragmentation, disarticulation, vertical
displacement, and chemical weathering o;'bivalveshéijijﬁre
consid%red. Attention is focussed on these aspects of
‘éedimentary behaviour because: (1) they form the basis of
much of the research data on blvalve shell taphonomy ﬂ?;
available from palaeontology, %/dlmentology, and related -
disciplines, (ii) they are the same types of sedlmentary

behav1our which have recelved much attention in

26



archaeologicaljstudiei of vertebrate taéhonomy; and (iii)
they are generally amenable to experimentation.

This chapter is iargefy theoretical in nathref Key
shell variables and agentsdwhich~are likely to control the
.sedimentary behaviour of shellsvéhd theierofentialﬂ |
archaeological impiicationé are discussed. The need for
vfurther research on the sediﬁentary behaviour of shells,
particularly thé-effects of the initial deposition of

shells as refuse, and human trampling on shell deposits is

also expressed.

ORIENTATION

In this‘thesis, the term orientation refers to whether
single valves on a bedding plane aré positioned |
concave-side up, concave-side down, or haphazardly, and
whether articulated valves are positioned hinge*~down,
hinge-up, or sidewayg/(Figure 2). ' ’ , .

The orientations of shells aré rarely recorded in
archaeological fieldwork. Based on studies in
paiaeonlolbgy and sedimentqlogy, however, it seemskiigely
thét recording the orientation of shellsrwill allow
researchers to draw conclusions regardinérthe conditions of

shell deposition and post—depositional disturbance.
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It is w1de1y reported in palaeontologlcal and~

)

sedlmentologlcal 11terature that when falling through air
or water,‘bivaIve”shells will generally land concave—31de

up, {Antia 19803 Clifton 1971; Emery 1968; Muller 1979).

This 1nLt1a1 orlentation is caused by the shape and
ﬂ;distribution of the weight in b1va1ve shells (Toots 1965).

The concave-side down orientation is a theoretically more

ks

'stable ~position however (Al]en 1982), and post- dep051t10nal

re- orientation often occurs (Boucot 1981 Cllfton 1971,

Emery 1968; Kelling snd Wllllams l967). " s

-

It has been suggésted that a mostly uniform orientation
of shells, either concsve—side up or concave-side down, is
“indicative of natural'rather that culturei deposition (Gill

. g f ,
1951). ' This thought has received little consideration in

~_

archaeological 1iterature;and laCESlpublished experimental

'i”data to elthev support or 1nva11date the suggestlon In a

serles of unpubllshed experlments, however, a total of 312

blvalve shells of various spec1es were thrown down a grassy

=

slope, with OVerk70% of the valves landing concave-side up
(Casey‘;9%2). i;ese resulits clearly do not;support the
) suggéStion that a mostly concaVe—side up orientation‘ofﬁ

shell valves is necessarily the result of just natural

[

) .
deposition.

Re-orientation of shell particles may result from .

T—E

severg} different processes. As noted by Toots (1965), an

™ -
Bog,
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apparent rardom or Paphazardkorientation is more likely to

be the result of bfoturbation or mass wastage, :athef than

» a primary depositibnal‘phenomenbn. Aeolian and fluvial

processes are other natural processes which may cgu%e

1

re-orientation of %hell particies. Notwithstanding’theww
laék of previous aétentioﬁ to the &ffects of cultural
activity on shell orientation, it is likely that human
trampling, scavengigq for usable sheIls; and digging in
shell deposits maygalso cause post*dep&sitional
re~orientation of shell paftiéles in'archéeologicél sites.
Re-orientation ofmshell particles may be restrLctéd by
an infilling.bf §ed{mégt around the ;hell, Qr'by thé'
lbading of the valve whilé in the concave-side up position,
with sedimentar} particles (Allen 1984a, 1984b) . |

Accordingly, researchers may generally’expéct that shells

which have been rapidly’buried by accumulating overburden

will be more bLkelY‘to remain in their original position

than shells not subject to rapid overburden accumulation;
The archaeoiogical*implications'of shell orientation
are not well—;stablished. It-seems likely, howéQér, that
upon‘initial qulfural deposition,bsingle valves will tend
to land concave-side up and a relatively rapid accumulatioh
of overburden, ;uch as confinuéd dumping of rgfuse,/will
preserve that oriéntation.:‘Accordingly, a shell deposit _

with valves oriented predominantly concave-side up may be
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indicativgidf a specific.area for shell(discara‘which has
been subjeét to relativel& little post—depoéitional
ﬂdisturbance ¥Converse1y, valves oriented predomlnantly
concave- side down or haphazardly may be 1nd1cat1ve of
consgderable post—dep051t10nal dlstUrbance., Clearly,
hqwe§er, ﬁuch moré\research remains to be undertaken before

theéé expectations can be accepted with confidence.

Virtaally’nothing is known of how articulated pairs of

[ w“ b

shells can be expected.tq‘land during -cultural discard, or
the effects of such fundamental variables as the species of

shell, or the force of discard.

- FRAGMENTATION

Shell fragmentation refers to the physical separation
bfrth.or more pétts of a speli valve. The primary
consideration of shell fragmentation in this thesis is then
siée of the shell ftagments.

There are sEVeral reéSons why it is important to
understand factors influepéing‘the size of shell particles
”in archaeological sites. Withoﬁt:an understanding of
differential rates of fragmentatibn according to species,
archaeologists méy_inco{rectly interpret différences in
partlcle sizes exhlblted by the various spec1es of shell 1nv

A?
”

cultural deposits. It 1s aLso 1mportant to understand that

~differential rates of shell fragmentation will b1as the
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types of shell recovered Quring archéeological excavatidn,
providing false indications:of the relative abuhdénce of -
'vérious species in a depqsit. Fufther, shell fragmentation
may reéuce the volume and‘poquity of depqsits, affect the
post-depositional movement of‘SHeilqparticies, and
accelefatelshell decomposition (Muller 1979; Schafer

1972). 1In order to confidently interpret these sedimentary
properties in shell midqens,‘therefore, reéearchers must
'understand the factors c;ntrolling shell frégmentation.

One of the primagy agents of Shell fra@men%ation in
cultural deposits isrundoubtedly humaﬁ tfambling (Maggs and
Speed 1967, Voigﬁt 1975). Accordingly, delineation of |
specific areas of activity in shell~middens (e.qg. sﬁell
dumps vs. living floors) is occasionally based on the sizes
6f shell particles in the deposit (e.g. Conover 1978; “
Gifford 1916; Gose 1976). In general, it is assﬁmed Eﬁat
afeaq'of complete valves or large fragments of shell have
béen;subject to relatively little'hqman trampling, while
small -shell fragments are indicativéﬁﬁfuintehse human |
trampling on shell deposits. It is important to recognize,
“however, that,shell‘fragmengation by trampling is.not
well-understood, and besides the commonsensical knowledge
thatNincreased trampling is likely to'resultiin smaller
particle sizes, no pr@nciples or generalizations regérding

g
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shell ftagmentation by human trampling have'yet\been'
established. o

Another potential cause of shell fragmentation in
‘archaeological sites is the process 6f%cultural
laepgsition. Particu1arlyrwhere shells have_beenééathered
into containers and re-deboSited as secondary refuse, the
stress upon the shell when it lands may be‘sufficient to
result in hreakage. Similarly, subsequent dumping of ?
refuse may result in breakage of prev1ously deposited‘
shells. Unfortunately, the effects of shell fragmentation
resulting from deposition have received virtually nogﬁ
previous\considerafion in arehaeological literature and .
researchers have little,idea of how much particle size
reduction occurs from this proeess.

Another factor deserv1ng coﬁsaderation in understanding
,the fragmentation of shells found in archaeologlcal sites .
is the pressure exerted by overburden. Unfortunately, ‘
there has been extremely little research on the weight of
overburden as an agent of shell fragmentation. One of the
primary reasons for this -lack of research is the fact that
the effects of overburden weight, comhined with weakening
of the oldestiano lo&estashells in the deposit by chemical_
weathering, whicn may take thousands of years to
accumulate, cannot be reliably and effectively duplicated

by experiments. Based on a series of crude experiments on-
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the resistance to crushing of shells however, it has been
deterﬁined that mollusk shells shoﬁld generaily beh;bIé'to
support én overburden of mud or sand approximétely one "
meter thick before breakage occurs (Allen 1974).

Becau7é shell middens usually contain re1ative1y large
amounts of shell, humus, and other ofgénic!matter,‘if cagr
Qenerélly be expected that the weight of one meter of sheif
midden overburden would rarely approach the weight of one
meter of mud or sand. One cubic meter‘of sheli midden,
composed predominantly of shell, can weigh close to
1,000 kg».or more (Bailey 1975; Meehan 1982). ’Accordingly,
the critical overburden thickneés of one meter required to
‘crush shells should be used only as a very roughAestImate
of the minlmum thickness required to cause shell |
fragmentation in archaeological sites.

B

In addition to the composition of the overburden, there

4

are several other factors thch can influence sthe critical
overburden thickness required to cause—shell

‘fraémentation. The quciés and antiquity of the shells,
moisture content of the sediments, and the rate of |
overburden accumulation are certain to be important
variablés. Shells which are thinner(and less duraﬁie

and/or hgve been subject to chemical weathering.for'a.
considerable iength of time, for example, can be expecfedxﬁk
to breék as a result or overburden pressure moré readily

Al
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ttah,thicker,‘more durable; and/or ‘fresher ehells. Also,
given a relatively slow rate of overburden accumulation,
cementation of the sediments (caused in part by the
Jleaching-of calcium carbonate from the shells), may
significantly increase the resistance of the shelis'tov
.fragmentation, substantially increasing the depth of the
overburden required to break the shells (Allen 1974). |

There are many other agenta which may affest shell
fragmentation in.archaedlogical sites. Heat; got example,

" may directly or indirectly lead to shell breakage. With
‘fewvnotable exceptions (Bailey 1977:138; Sangei'1981:40)
however, this phenomenon has rarely been consiaered’in the
archaeologiqa} literatd%e. One study of significance,
however, invof&es a series of experiments which found that
by heating shells to aboﬁt 909C., their resistance to
fracture.was :educed up to 30% (Currey 1979).

More researéh on the variables of shell species,
cooking temperatures and‘times needs to be undertaken
before the. full signifieance of heating shells can be
understood. Clearly, hqwever, one of the primary
archaeological implications of heatihg shelleﬂis that inter
or intra-site variability in shell particle sizes may be
atttibutable to whether the shells have been’ﬁeated and the
intensity of that heat. Subject to similar agents of !

fragmentation, for example, unheated shells can be expected
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fo be less fragmented than heated shells. It is worth N
considering that heatiné may be applied iA a number of
ways. Deliberate cooking is undoubtedly the most common
heating agent. However) shelis may also have been heated
after they have been initially discarded by cﬁ1tu£al1y or
naturally ignited fires. In order tb get rid of debris,
vegetation, and flies, for example, it has been observéd
that coﬁtemporary'hunter—gatherers in Austraiia routinely

5
burn shell—bearinq‘refuse (Jones 1980!.

Chemical weathefing is another impé}tghf process which
undoubtedly reduces a shell's resistance tg‘fracture of
 shells. Unfortuﬁately, there has been no previous iesearch
on chemfcal weathering as an agent of f:agmentation[

Other causes of shell fragmentation iﬁ;cultural
deposits which have been considered in the archaeologiéai
Iiteratﬁ;e include,initial collection methods (Coutts
1970a; Morse i925), wind (Coutts 1969), animal trampling
(Voight l975),,freeze/théw cycles (Brennangl97ﬁ), and
archaeplogical excavation and screening (Koloseike 1968).
It is alsp worth considering that shell fraghentation mnay
result from continued abrasion ;n sediments (e.g. rolling
in inter-tidal zones, Driscoll énd Weltin 1973),
post-depositional transport (Hailam 1967), moving or
grounded ice (Boﬁcot 1981), bird action (e.g. regurgitation

of shells and deliberate breakage by dropping from the air,

36



N
\
N

A}

Trewin and Welsh 1976; Wilson 1967), thefforcerof waves;\
accidenéal or delibefate breakage during the processing of
moilusks for consumption (Ellis and Swan“1981), artifact
manufacture, and for use as construction aggregates (e.gq.
pottery temper).- However, shell fragmentation by these
agents is likely to generally have been of minor
significance'in most cultural confexté

The overafﬁ morphology of shells clearly 1nf1uences
sh;}E fragmentation It has been observed in natural
environments that, in general, "small; thin, unribbed,
convex shells will c;gsh more easily than latge, tnick,
heavily ribbed flé;ﬁshefls" (Faqerstrom 1964:1206). The

same characteristics are alsollikely to control shell,

~.
fragmentation by cultural\;gents, although no research on
this phenomenon has been undertaken. Fuither; it is
reasonebie to expect that subject to ehe‘same forces, each
species of snell_in a deposit will exhibit a different
resistenee tO‘fragmenEation and resulting paiéiéle‘;ize
distributions Wili‘vary étcording to species.» AcdordinQiy,‘
when making human behavioural inferences based on
variebility in the size of shell particles, a primary
qonsideration‘should be to what extent fhe particle size
differences of shells within end between sites may be

attributable solely to the morphological differences in

shell species. Additionally, when calculating the
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abundance of various shell species in a deposit,

arqhaeolpqiéts should be éware of the bias that may'bccur

d
o

as a iésult of differential rates of fragmentation,among

various shell species and subsequent differential rates of

@

recoVefy'of each spééies. As indicated in previous sieving
_expeiimeﬁts, there may‘be a considerable bias in the amount\
of materials iecbveied, dép;ndinggbn the size df screen
used“dur;ng e#cavation énd analysis of sediments (Payne
1952;‘Thomas 1969). /

The’rglationship between shell mineralogy and
fragmentabloh ;;'not ;lear (Wainﬁfight et al. 1976:233).
Concerning the microstructure. of shells however, nacreous'
layers are genezally consldezedﬁto be the most physically
v'durable type (Currey 1976,§;9é0; Cﬁrrey and Taylor 1974;
Taylor and LaymanAi972), ;nd therefore probably the most -
resistant to fracfure by most forces in natural or cultural
environments. The implications of this for archaeological
research are qoé fully.understood. It seems likely, | :
however, that shells with thick nacreous laygré mnay bé more
resistant to fracture than shells witﬂ thinner nacreous |
layers. | ' |

Some reseancheré have suggésted that certain
characteristics of a shell fragment may be indiéative of -
the agent 6f fragmentation (e.g. Clarké and Clarke 1980;
Coutts 1970a; Seilacher 1973). For example, chipped and
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Eroken edges may be indicative of opening fheishells of.
living bivalves by prying them open with a sharp instrument
(Clarke and Cla;ke~l980).' Similarly, it seems likely that
fragments distigguished*by the separation of
micrbs;ructuralylayers of the shells may result from slow
or.repeated p;dteSSes such as freeze/thaw or wetting/drying
cycles, or an increasecin the rate of chemical
‘decomposition of the organic matrix compared to the
microgtruétural layers it separates. 'However;nthere have
been no published research studies to demonstrate that edge

damage, IaYer separation, or other characteristics of shell

fragEQQLS/tduld not have been caused by collection

//
echniques, initial deposition of the shells as refuse,

post-depositional human or animal trampling, the weight of-
overburden, dr other processes. ACCOrdingly, more |
actualistic and experimental studies are clearly required
,bgfore the Chafacteristics of shell fragments can be used

¢

as reliable indicators of site formation processes.

g

- DISARTICULATION
In this thesis, the diSarticulation of shell valves
refers to the conditibn where -the two valves of the u;vélve
mollusk shel; are no longer ané%omically attached by:the
iigament and.hingq. It is not a measure‘of the distance

separating the valves. }
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In natural environments, ratios of articulated to

1

disarticulated valVéé have been used to qstimate the rigor

of post-depositional transportation (Trewin and Welsh

1972), and to a very limitéddextent, valve disarticulation

has been used as a gl;;iﬁguishing criterion of cultural as
/ e ) ' ’
opposed to natural shell deposits (Brinton.1872; Gill

. T )
1951). In general; however, the dynamics and implications
of valve disarticulation are rarely,con§idéred in the
archaeological literifure.

The vast majority of bivalve shell valves in

-

_archaeological sites are usually disarticulated. It should

be appreciated that valve disarticulation may have occurred
prior fo,‘du;%ng, or~after‘initiél aeposition and an
understanding of the factars controlling valve
disarticulation may tbus be impotpant for identifying
initiai patterns of deposi}éﬁn and post-depositional
disturﬁance.

Valve disarticulation prior to initial deposition max

" have taken place intentionally or accidently. 1In some

instances, the valves of bivalve}molluskslwere deliberately
disarticulated to red; the volume of‘mollusks'to be
tranSported (Horeau 1978; Meehan 1982). Additionally, some
valves may héve been accidéntly disarticulated while they
were‘initially being opened. However, as‘heating generally
opens valves wide enough to extract the flesh without
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complete disarticulation, and the ligaments of unheated
valves usually remain pliag}e for at least a fewrhoufsf_u
aftér.collection, it is likely that valve disarticulation

’pridr to discard is Qenerally of minor significancewin most )
culfﬁééiié%ntext%. “&" . - |

With regard Eo valve disarticulation during;%hé initial
de;osition of shells, it should be appreciated thgf the
force of diséard, pa;;icularly when)the shells have been
gathered into some kind of container and re-deposited as
secondary refuse, may create sufficient étress-on the
ligament to result in vaive disartitulatign. Howeve;,
there has been no previous research on this phgndmenon and
archaeologists generally have 1ittleqidea of how‘much valve .
disarticulation o¢¢urs as a direct result of depdsitron.

nPost-depositionally, vélve disarticu}ation occurs a$ a
result of ljﬁament decomp051t10n and/or mechanical
failure.. Valve dlsartlculation may simply result from the
ligament, being almost totally o;gqqic, decomposing at a
faster rate than the valvgs, whiéhrare iargely inorganic.
Additignally, stress on the ;igament producédrby human
trampling or the weight of overburden may be sufficient to
cause valve, disarticuiation, especially if the ligament is
weakened throdéh chemical wéathering. -
An influential féctor inuthe'process'of valve

dlsarticq}ation is heating. 1In general, as heating usually
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opens the valves wide ernough to extract the flesh without
completely separating the valves, it is unlikely that

cooking is a major direct cause of valve disarticulation.

i

However, heating dries thelligament, causing it to become

brittle. Of course, the ligaments of shells which have hot

been cooked, but have dried naturally alse =ventually

" become brittle. The primary implicatien of this is that.

the ligaments of shells which have been cooked and/or dried

“will be less resistant to disarticulation during or after

initial deposition than shells‘which have not been heated

or qued Accordingly, a deposit which exhibits a ‘ o
kY

r@latively’high proportion of art1culated valves may be

“1ndicatiVe of processing which did not involve the

application of heat, or it may be indicative of a falrly
rapid burial -of theishells, before they had time to dry and
become brittle. ‘ |

Another archaeologieal implicatioh of valve
disarticulation cbncerns assessing the level of :
post-depositional di;turbance in cultural &epdsits. It‘has
been suggested that the distance separating valyes bf the
same mollusk may be used as an indicator of
postféepositional disturbance, assuming thgt the valves

were articulated upon initial deposition (Koike 1979).

There is no previous research to support the assumption

-that valves remain articulated upon di;card however, and
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~—-*been dlsartlculated largely as a. result of llgament

<4

" more research on valve disartic&iation, partlcularly as it

may result from cultural deposition, is clearly needed

,-af

before thlS assumption can be accepted w1th cdhfldence
Unfortunately, crlterla for 1dent1fy1nq which agents of

valve dlsartlculatlon were 1nf1uent1a1 in archaeologlcal

fsites have not been establlshed, It seems 11ke1y, however, .

5 B
. °

‘that valves which remain Close to each other have probably'

[
decompos1tlon Conversely, valves which have been widely .

o ER) B o

_.separated or thrust over each other are probably ind1cat1ve

o

of phy31cal'dlslocatlon. The Yalve—palrlng technlgue is

. described”byeKoike (1979).

VERTICAL DISPLACEMENT y
x . i - .

'In this thesis,vvertical'd?sblacement refers to the
I(

o

. post dep051t10na1 vert1ca1 movement ‘of shell particles,

s

A

tare to be oased on shell analyses, it is important to know

kKnowledge. is espec1a11y 1mportant 1f shellseiia

wh1ch is important to undenftand%the dynamics of shell

dlsplacement for evaluating the@stratlgraphlc coherence of
' . ‘ ‘ ¢ )
shell middens. 1In particular, ;f«pehavioural inferences
o . L 1\,7("

ifAthe shells were deposited céntemporaneously with

artifacts and other associated clasts, or if'the shells

wef p051ted later and subsequenhiy displaced. ThlS

(used for

A

datlng. It is also 1mportant to know wheth varlabllrEYz

!
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in the species of shell present in apparently discrete
‘lenses of shell is due to behav1oural or environmental
factors or simply the result of post~ depositional sorting.
It has been noted that in natural environments, a
vertical gradiﬁﬁ of shells, with the largest particles at
the pottom;‘results From bioturbation (Trewin and Welsh
1976). With the notable exception of the potential of
earthworms to mcve small shelliparticles (Evans l972) and B
totally alter the stratigraphy of shell middens (Stein |
;1983), however, the vertical displacement of shell in
icultural deposits by natural processes has rarely been
- : N o
examined. '
Siﬁilarly, theeffects‘of cultural processes on shell
displacement are rarely considered. It is generally
recognized that‘human_trampling max result in subsﬁantial
vertical isplacement of sedimentar} particles, especially
in loose s bstrates'(Gifford 1978; Gifford and Behrensmeyer
l@?ﬁ' Giffordeonzales et al. 1985; Stockton 1977; Villa
p e
,//and Courtin 1983) "However, no principles regarding the
effects of tgampling on the degree of shell displacement

have yet been established.

-

CHEMICAL WEATHERING
"lnxthis thesis, chemical weathering refers primarily to
the dynamics of shell destruction caused by acids in the

sediments.
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‘There ére'several reasons why it»is importanf to
ignderstand thg factors controlling the chemical weathering
-oé shells in archaeolbgical deposits. A primary
consideration is that differential rates of-chemical
weathering,léadé to differential preservafion ot shells.
Accordingly, Ehefrelative abundance of vafious species of
shell in aldepositémay be influenced by differéntial rates .
~of chemical weathering,.and this potentialxgias should be
tak;n intq account when making inferen&es of the origin,‘
‘inténs}ty, aﬁd variability‘bf bivalve mollusk

exploitation. It is aléo worfh considering that chem{cal i
we;thering releases calcium c_rbonate‘fnfo the associated

. sédiments, geﬂerallyvraising the pH- 'and thus increasing
’presérvation 6f organic remains. Insofar as the :
difg?rentialhpreservation of shell results in fhe
différéntial settling of deposits (Saﬁger l98;i, an
undmgstandiqg of factors controliing the chemical
weathering of shells may also aidlihterpretatidns of
overall site morphology.' Further, as chemical'ﬁéathering
can\generéiﬁy'be expected to reduce the §tréngth of she¥l
ligaments and valves, an understanding of factors
contfollinéthe\chemicaIVWeathering of shellé’may be useful
in interpretations of valve disarticulation and
fragmentation. . 'iﬁ

Carbohic acid, formed by the presgnce‘of water with
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carbon dioxide angrpresent in all rain and groundwaters, is

the most common geologic?Solvgnt of calcium carbonate
(Frigdmaﬁ,and Sanders 1978:134). This fact has beenr
4

recognized by several researchers, who contend that

Variability_in the amount of rain and groundwater

~percolation explains ihtra and inter-site yqriability in

h

éheil abundénce. Sullivan (198§X,ffor example, explains a
decreasing amount of shell Qith'increasing depth as a
result of more ground Qéter percolation in the lower levels
of a site. Similarly,’Hughés (1980, 1983) suggésts that
differences in the amount of rainwatég.percolation'explainSv
t%e fact that sheli in some*Australian sites has been
preserved for 5,000,years while shell in other sites only
iasts 3b§00 years. |
The éotential of extreme changes in sité structure
resulting.from peréolatinglrain and g;oﬁndwater has also
been recogniied. Hughes énd Lampert (1977), for example,
éuggest a typical s%ell midden (i.e. composed of 70%’shell,‘
by volume);.will ‘be reduced to one-third of its original |
volﬁme by the complete removal of shell iIn solutlon.
‘Other agents of chemical weathering ipclude the acids

prbdﬁced by fhe decay of faunal and flor;1 temains. As
noted by Muller (1979:56):

In general, the greater the content of

organic material within the sediment, the

greater the possibility for the

dissolution of calcareous she%l material.
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‘Furthgr éotential agents of chemical weathering of sﬁell»in

. archqéol6gical deposits includérécids produced bx the
weapge;iné'of mineréls in site sedimentﬁzf;;iedman and
wSagders 1978), ufine (Koloseike 1968), aﬁd bacteria (Muller
19§9). However, these agenfs are likely to havé'been of
'onlf;minor signiffcance in most qrchaeologicai contexts.
Sedimentologic§1 studies indicaFe thét émaIl,‘thin, and

fractﬁied shell particles‘aré likel} to be tﬁe@most rapidly
dissolved (Md11e111979; Schafer.l972), Differentiél shell
preservation according to species can therefore be |
".exéected" Bivalve,molluské'which have relatively small and
phin shells will not”generally b% represented as well
archaeologically as bivalve mollﬁsks.withfi%?ger and ,
thicker shells. This bias may lead to incorrect inferenées
of. the prehistoric qultu?alyimporfancexof various -species .
of bivalve mollusks. : ¢ jf/i\“sg R

| Additionally,/because frag;entationcincreases the rate
of chemical w§athering, she;ls which have been brokeﬁ by

3

trampling, cultural depositéon,koggrburden weight, or othef
’ o ~ Lt

- ’

‘pkocesses will not be preserved as Qéli as iarge tragments.
or complete valves, even if fhé species of shefL is the
same. One of the primary implications of this is that
evidence of intenéely trampled areas, as expressed QX

highly fragmented shells, can be expeéted to be'remooéd%at/”*“\‘/*
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a faster rate than evidence of areas in which shell is
‘ relatively undisturbed by agentsfoffragmentagion. For
example, SHell dumps may remain clearly visible, while
hodsefloors or otherlareas subject to high rétes»of shell
f;agmentation may be difficult to delineate, -even if the
sbecies and original quantities bf shell in each deposit

are similar. A .

PROMINENT PROBLEMS

This chapter has outlined some of the implications of"
bivalve shell taphonomy in-aichaeological resea;éh. It is
glear that many factors can influence the sédimentary
properties of‘bivalve shells iglarchaeological s?tes and an -
understanding of these factors will;aid interpretations ofh
'shell midden stratigréphy. However, there are many |
problemsécongerning the behaviour of shells as sedi%éntary
particlés\Yh afchaeological'sites. In particular, there is
little understanding of how depositional and post-
aepdsitional cultural ptocesses affect shell deposits. It
is especially im;ofgant to uﬁderstand the sedimentary
effects of thé initial cultural deposition of shells befpré
archaeologists can adequately assess post-depositional
diéturbance in shell middens and reconstruct past cultural
beh;viour. Similarly, human trémplind is a process which

occurred on all archaeological sites, yet its sedimentary
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effects on shell’dgposits has never been/éxémined.

Qith regard to the ;nitial depo;itidn of shells,
important questions which remaiA unanswered involve
dnderstandth how the‘orientation, disarticulation, and .
fraémentétion of shells are affect;d‘by}the species of”i
sheli be;ng discarded and the force of discard. <Concerning
the effecfs of human trampling}fit would be useful éo kﬂoy
how the.f;agmentation and vertical displacement of she;ls
afe éffected by the spécies of shell bein; trampled updn

and the intensity of trampling. Thése questions have led
to the design of experiments which are discussed in the
following chapters.

A
H
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CHAPTER 4. CULTURAL DISCARD EXPERIMENTS

INTRODUCTION

As outlingd in the previous chaptérs, it:-is importanf
to understand the dynamics and implications of bivalve
shell taphénomy in ordg: to properly interpret the
stratigraphy of sheil middens and accept beha&iourai
inferences supported by shell analysis with confidence.
One of the prominent problems in this regard is the lack of
knowledgé concerning hgy the sedimentary properties of
bivaié% shells are affected by initial depésitioﬂ of shells
as refﬁsef Accordingiy, this chapter presents thé results
of experimehté intehded;tb elucidate the sédimehtary
| ~effects of Ehe initial cultural deposition of shells in
archaeological sites. Attention is focussed on shell

P
. { .
orientation, fragmentation, and disarticulation.

. MATERIALS AND METHODS

Table 1 provides a summary of the shells used in the

discard experiments. The specimens Qf ggotothacé staminea

(native littleneck clam) and Venerupis japonica (Japgnese.

fittlengck clam) wefe collected‘live.from'éacific Ocean
beache; of British Columbia. The specimens of éxtilus-
edulis (edible mussel) were bought live from a market in
Vancouver, British Columbia, but were origiqélly collected.
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Y . —
from the east coast of North America. <

Processing inQolved cooking approiimaﬁely equal‘numbers
of each spécies by”steaming,>boiling, and baking. They
were cooked until the valves.opened. This generally took
from 10 to 20 minutes. The shells subjectrto'each éooking
technique wére not kept separate duringvthe'discard

" i &

A ekpériments. Consequently, the precise effects of each

;ooking technigue cannot be determined.

. After cobking, thélshells Qere left dry and indoors for
the period prior to the'experiments. The measurements of
the shells, as:outliﬁed‘iﬁ Table 1, were taken on the
valves after cooking and d;ying.'

Table 2 illustrates the research désign of the

experiments. fhe major variable examined was the species
of shell. Variability'in the height éf discard, the numbeg
of valves, and the ratio of articulated to disarticulated‘ ;i

valves were also examined. A further distinction;@%s made

between fresh and old shells of Prototha¢a staminea (i.e. 2

days vs. 1 year since death) because it was thought Eha@

: AN
the increased drying time may have reduced their resistance

to fragmentation and disarticulation. The older Protothac
shells were used in experiments 1,’2:”3, 4, 5, 14, and 15.

The fresh Protothaca’shells were used in“éxperiments‘G, 7,

8, and 9. All valves were subject to only one dumping
event, except those in experiment no. 15, which were
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‘Table 2."“ Research design of discard experiments

‘Experimenﬁ' | Shell Height of No. of No. of
No. Species Discard  Articulated Single
(m ) Pairs of Valves
Valvesr
1Y.  Pprotothaca s. < 0.7 0 133
2 Protothacilg.' 1.0 0 133
.3 | Protdthacalg. 2.0 0 133
\ﬁT4 Protothaca s 0.7 10 0
?L g - Protothaca s. 1.0 /, 10 0
6 - - Protothaca s 0.7 \* 10 -0
7 Protothaca s. l.OA - 10 : A -0
8» -Prototﬁéca =3 1.0 2 | 21
9 Protothaca s. 2.0 2 21
10 ) Mytilus e. 1.0 24 , 31
11 Mytilus %i 2.0 24 31
12 Mytilus %. 1.0 : 38 _ - 8
13 Venerugis}i. 1.0 sé 0
14 Protothaca s. 0.7 218 0
15" Protothaca s. 1.0 o111 214
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pravioﬁsly ?iscarded in experiment no.- 14. Vi
A plastic bucket, 29 cm deep and 30 cm in éiameter was
used for discarding the shells. They were discarded from
the bucket onto a level loaﬁ substrate. Shelis discarded
from .70 m above the ground surface were‘throgé in a
forward motion. Shells discarded fromhl.Oyand 2.0 m above

the ground surface were dumped by tipping the bucket of

shells directly upside down. Due to the lack of detailed

-ethnographic observations on shell discard, the size of

bucket;:heigﬁE of discard, number of valves, and ratio of
drticulated tb single valve% discarded were chosen
arbitrarily.

Hundreds of experiments and many thousands of shells
wBuldrbe regquired to test all»poSsible combinations of
variables. The 15 individqél discard events exam{ﬁe&@ih
this chapter represent an initial attempt to understa;d the
sedimentary effects of shell discard. The combinations of
variables examined were. chosen primarily té obtain
information on how shell species differences affects the
orientation of articulated and single valves.

Sﬁéll orientation was :ecq&ded as the ‘number of single'
valves landing concave-side ub, concave-side down, or
haphazardly, and the number of articulated pairs of valves
landing hinge-up, hinge-down, or sideways (Figufgiz, p.
28). Disaitihulation was recordgd by noting the numpii'of
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articulated pairs of valvegvin ;aéh EXpefimental run before
and after diséard. A‘cfude measure of shell fragmentation
was made by recording the number of valves that remained
larger than one—halftof their original.siée. Observations"

were also made on the occurrence of edge damage and the

seggration of microstructural layers of shell valves.

S

RESULTS

The complete results of‘the disCard experiments are
presented in Apppendix A. As is evident, variations in the
number of valves discérded togethér and the antiquity of
the shells (ife.;Zrdays vs. 1 year since death) were
generally insignificént. Indications are, however,.that
discarding shells from a greater height g~nerally resuips
in 1ncrea§éd disarticulation and fragmentation.‘ Furfher;
‘the results of experiments la ;nd 15 indicate that é;
““initial dumping of shells signifiéantly reduces further' )
resistance to disarticulation and fragmen¢ation when the
shélls are re-deposited.

4

Orientation’

" The overall orientation of single valvésﬁwas 65%
concavé—q}de up, 34% concave:sidé down, and 2% haphazq;d.
The overall orieptation of articulated pairs of valvég was
47% hinge-down, 18% hinge-up, and 35% sideways. Table<3vﬂ
illustrates the orientation of shells accofding to

«
9
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. species. The orientation of articulated pairs of Venerupis
japonica valves was not recorded.

Valve Disarticulation " - —

Fifty-six perc&ht of the articulated pairs of valves <?\
] > R ] . . . .
became disarticulated. Disarticulation according to
species is illustrated in Table 4. -

Fragmentation

<  Overall, 10% of the valves were reduced to less than
'ohe—half of their original size. Fragmentation according -
to species is illustrated in Table 5. The fragments were

generally irreqular in shape, with edge damage_occurring'ong&
L ’ : o ’ii

several valves. There was no separation of the

microstructural layers of the valves.

DISCUSSION

Thé'results of these experiments provide somé insight
into the effects of'cﬁltural discard of bivaive mol;dsk.
shells, cont;;buting to an increased app:éciation pf
factors go?ern{ﬁéthe orientation, fragmentaé%én, and
disértid&%gtion of biyélve shells in’archaedlogicallsités.
In generai, the results indicatefthat siﬁgleévalvesiwifl
tend to iﬁitial;y land concave-side up and articulated
pairs of“valveéxyill landfhingé—down 6: sideways. Further,
as a result of initial deposition, some fragmentation and

‘disarticulation of shells can be expected.
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Table 3. Orientation of Discarded Shells.

/
%,

|

Protothaca Mytilus Veﬁerupis
"staminea . edulis . - japonica
—_— S ]
e S |
single Valves ]
concave-side up - 61% . 72% ~'/75%
* concave-side down 35% 28% f25%
/.
—_ . /
haphazard 3% . O 0
TTotal o 99% 100% ' 100% e
Articulated Pairs
of Valves
%inqe—down 24% 60% -
h%ggé—up : 4% e 22% -
e ¥ o v .
- sideways. 72% - 18% - 7
é: o~ ij 1 ~R\\“
) #3 - Coe N o
Tc?téi?i F 100% 100% -
, , ] T
ﬁ';—: ' arr‘
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_Table 4. " Disarticulation of Discarded Shells.

quECiES. Percentage of Articulated Pairs

of Valves Désartlculated as a
= Result of Discard _

* 2

Protothaca staminea

( 1 year since death) 58%
.. - N - -
Protothaca staminea R
.{ 2 days since death) : b 75%
Mytilus edulis o ) ) | 42% h
Venerupis japonica | 60%
s A4
-~
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Table 5. Fragmentation of Discarded Shellsk

Percentage of Shell Valves

Species
Reduced to Less than One-half
:of their Original Size as a
Result of Discard
Protbtﬁhca staminea ‘ ' e )
( 1 ypar since death) : ~ Lgﬂ -
Protothaca staminea a
( 2 days- since death) : 5%
Mytilus edulis ‘ o 2%
Venerupis japonica - 34%
9
{
’
4
&
J
o
<
I .
‘.
59 ' R
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j%hg species of shellzis clearly an‘impoFtant variable
ébverning shell orientation, fiagmentation, and
disarticulatioh. The height of disdaré;,fhe number of
vaives discarded together, and the antiquity of shells do
notvazpear as significant factors in fhese expegimenté.

i The results of £he expetﬁments;supéort previous studies
of bivalvé shell taphonomy. The dominantly concavé-side up
érientation ot single valves is in accord wifh the.generél
notfon~in sediﬁentological studieg that shell‘va1Ves will
tend to-be initially deposited concave-side up (e.g. Ehery
1968; Myller l§79). The orientation results are also in
‘agreément with a'previoug unpublished experimenéél study of
shell orientation in archaeology which demonstrated a
tendency for shell valyes to land concave-side up upon
cultural deposition (Casey 1982). The disarticulation
results support the notion that fhe strength of valve

—

articulation varies acco?ding to species (Trewin ané Welsh
1€72).- With regard to tﬂé orientation of articulated pairs
of valves and shell ffagméntation, the results are not
directly comparaﬁie to any previous studies. The results
do illustrate, however, that Ehe species of shell is an |
important v;riable in these aspects of sediméntary
behaviour.

The orientation results may be of sibnificant value

with regard to assessing the level of post-depositional

, - . 60
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disturbance in shel% middens. The fact that shellnvalves
exhibited a marked tendency te land concave-side_up means
that a deposit»in which the maiority of valves iented
concave-side up has probably,been subject to relatively
little post-depositional disvturbance._ -
Conversely, a‘deposit in which the majority of shells
are rnot oéientedceacave-sideup may bé an indication of .
post—depositioﬁai disturbance. Re-orientation of.shells"
from the concavefside up position could occur either while
the shells were exposedron thelgroand surface or after they
were burieﬂ} Human trampling, scavenging, ~and subseqaent
refuse depositioh are major agents which could re-orient
shells while they were still exposed. éioturbation and
deliberate digging in shell depoeits by humans are likely
the ﬁajor agents of the re—orientatian of buried shells.
It<sﬁould be appreciated;‘however, thatzusiﬁg shell‘
orientatlon to assess the 1ntegr1ty of shell dep051ts is
7complicated by the fact that not all valves are
disarticulated prior to or during the discard process. As
the results of the experiments indicate, the orientation of
agticulated valves is substantially different than the

\

orientation of single valves upon initial‘depositiqn. One
: ‘ , FL

- of thewimpLications‘of this is that the decombositioh of

the ligaments of a;ticuiated valves will result in a large
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péoportion'of sihgle valveégbeingoriented.in a haphézard
or concave-side down position. ‘

It should also be appreciated that valves deposited‘
into 'a pit or onto a rough surféce will not ne;essarily
tend to assume a EOncaQe—sidefup position.'/;s noted by

T s
- =

Toots (196 68): | sl
The most stable p051t10n oﬁna dead animal
or any part of its skeletoh will have a
different ‘orientation on an inclined
surface than on a level one and the stable
p051t10n within a depre551on may be st111
different.
With particular regard to disCaiding shéils into pits;‘it
is reasonable to ekpgct that wheré ;here is not sdfficieht
space for each valve tp land on the exposgd grQund“sd;facé,
a haphazard orientation of valves will result.

) These”experiments further demonstrate that the initial
dep;sition of shells in aIChaeologgcal sites is a Brimaty
agent of vaive‘disarticulation. The\B;incipél
archaéological implication of this concerns the use Qf_the
distance separating valves to assess tpe level. of post-
depositiohél disturbance in shell middens. As noted by
Koike (1979:@9),*in order to use valve séég;ation to assess
fhe level of;bqst—depositional dis;urbance, it must Q?
assumea that the valves remain articulatgd,upon diécard.
This is a very big.assumptién and one that is not supported

by the results of the experiments reported here.
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It is also important to note that some valve
: o - X
fragmentatiom occurs as a result of initial 6?position of
| | / - -
shells. The crude measure of shell fragmentasi;: used in //

the experiments precludes th® establishment of \ta?ifgf///

R

principles regérding the.relationshép between shell
fraémentation and the cultural deposition of,sﬁglls.
Howevér, it is demonstrated.that the species of shell is a
key variéble in fragmentation. It-is further clear that
the size of most sﬁell fragments iesulting from cultural
discard remain relatively larggg Accordingly, the initial
deposition of shell canrgener llf be ruled oﬁ% as a major
agent of fragmentation in deposits of highly fragmented
shells.. " / _ ; \;///

The fragme£tation results furfher indicate that edge —
'Qamage to shells may result frém cultural deposition of the
shells as refuse. Therefofe, edgé damageAis not a reliable
indicator of ﬁrying open living bivalves, as suggested by '
‘Clarke and Clarke .(1980). If is also evident ‘that

: ' 1

separation of valve microstructural layers is not likely to

result solely from thevprocess of cultural deposition.
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CHAPTER 5 TRAMPLING EXPERIMENTS

. INTRODUCTION

As pointed out in previous chapters, in{o;der;tb
correctly interpréﬁ shell midden stratigrapgy and acdepf
behavioural infg;ences‘suppdtted by shell analysis with
complete'confidénce, it is imﬁgrtant to undefstaﬂd fhe.
dYnamics of bivaive shell téphonomy; A prominent problem
in this regard;is,a notable lack of research on the
sediméntary effects of hudén trampling on shell deposits.
Accordingly, this chapter bresenf%;ghe design, results, and
a dfscussion of experiments. intended to elucidate the
efféctslof human trampling on shell depqsits. Attention is
focﬁssed'on shell fragmentatiqnf although the vertlcal
displaCément of shéll pait;glés is also considered.

MATERIALS AND METHODS

This chapter reports on two distigcp groups of
trampling experiments, referred to as the Series A and the -
Series B gxperiments. The Series A expgrimentsvwere
designed to obtain information solely on shell
fragmentation. The Series B experiments Qere designed to
obtain information on both the fragmentation of shells and
the vertical displacement of shell particles.

T
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Table 6 provides a summary of the shells used.in the

experiments. "The Sefies A shells were cdllected from the

refuse deposit of a histofic shellfish cannery at Crescent -

Beach, on the southern coast of British Columbia. All the

shell valves collected_fggm the deposit were disarticulated

¢

and, with the exception of occasiohal edge damage, were'not

. C & :
broken. The precise antiquity of the shells has not been

dEterhined. Herver, as the cannery ceased 6peration in
the eaiiy 1960s, it can be assumed that the shells have
been in the deposit for at iéast 20 years. The Sefies B
shells were drawn from the same collection utilized ih‘the
cultural discard experiments (see pp. 50-52).
| Tab%ejﬁ’Tllustrates the research design of the ~
trampling experiments. )

In the Series A experiments, the erosits 6f experi-

ments 1, 2, and 3 were composed solély of Saxidomus

q%qanteus (butterclam), Protothaca staminea (native

lifxlenecg“clam), and Mytiius edulis’ (edible mussel)

3

" respectively. The deposit of experiMént 4 was composed of

equal proportions (by weight) of each species. Each
deposit to be trampled in the Series Aiexperiments was
placed on a 'bed of assorted whole and broken shells . in an

areasmeasuring 60 X 40 cm. The shell bed wa/:;‘érlaid with
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Table \J\Researcﬁ Design of Trampling Experiments.

_ Experiment  Shell . Weight ﬁqtal No. Substrate
No. Species of qf -
- . ' Deposit Passages
(grams)
_ Series A
1 Saxidomus g. 1500 640 shell
(71 valves) o
2 . Protothaca s. 1500 640 shell
(166 .valves) "
3 Mytilus e. 750 640 shell
A (259 valves) DR S
) 4 Mixed - 1000 640 shell
Serigé‘B
5 Mixed 685 100 - shell
6 . . Mixed 685 1000 shell
7 Mixed 685 100 ° loam
8 Mixed 6%5 1000 _ loam
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o . A -
a sheet of plastic to prevent mixing bé@weeh the zubstrate

~a
N

. ) . T y 2y
and the deposit being studied. Approximately one-half of

tge shells were placed concéve~side‘up and‘one—half of'thg
shélls were placed tpncave—side down. Eachvdéposit was
then subjected to aftéﬁal of 640 trampling passages. A
tramplipg passage iS‘défined as the investigator (myself),
weighing 65Akg. and -wearing hard, rubber—soled‘spoes,
walking ove€:the deposit, with one foot striking the
shells. At intervals of 80,‘lé0, 320, and 640 pasSages;1¥ 
the deposits of experiments 1, 2, and 3 were subject to‘
mechanical shaking through a series bf nested sieves ; g
measuring 32, 16, 8, 4, and 2 mm, the wéight of fragments
in each sie;e was recorded, and except after 640 passages,
returned for further trampliﬁg. The particle sizev
distribution of the deposit of experiment 4 was reéorded

\ ‘

only after 640 pas;ages.

In the Series B experiments, each deposit was composed

of approximétely 80% 61d Protothaca staminea shells (one

year since death), 10% fresh Protothaca staminea shells, 7%

Venerupis japonica shells, and 3% Mytilus edulis shells (by

weight). Large fragments (i.e. larger than 32 mm) as well
as complete valves were included. Thg she}ls‘to be
trampled on a nonpermeable, shell substrate (experiment 5
and 6) were placed on a bed of assorted broken shell in an-

area measuring 30 X 30 cm. A polypropelene tarp was laid
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over the shell bed acting as a Substrate.;o prevent mixing

with the deposit being studied; The shellé to be trampled
on'a‘permeable, loam substrate (experiments 7 and 8) were
.placed in an area measuring 30 X 30 cm on.a levél loam
substrate. The shells were then subjected to a t

»pre-detérﬁined number of paséagés (;‘e. iOO?or 1000); Whenr
the'trampling wés compleﬁed, the weight/;f the shell in the‘
size'fanges 32—16 mm, 16-8 mm, 8-4 mm, andi4—0 mm were

recorded. - With reéard.to the shells tr;mpled on the loam

- . . ‘ ) ~
substrate, the trampled areas were extavated by 2 cm levels

. _ . o
to a depth of 10 cm and the weight ¥f shell from each level
recorded. Observations were also made . on -the occurrence of

edge damage and the separation of the microétructural

layers of the shell valves.

RESULTS
-y .
The complete results of the trampling experiments are
presented in Appendix B. Four mm has arbitrarily been -
chosen as the best size to illustrate shell fragmentation (

as a function of trampling in the Tables and Figures.

- Shell Fragmentation

The Series A experiments clearly deménét:ate
variability in particle size reduction éccording to shell
, . ; \ . .
species and the number of trampling passages. After all

the trampling passages, only 61% (by weight) of purely
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Mxtllus edulls particles were retained by sieves measurlng

» -
L

4 mm and larger. In comparison, 85% of Saxidomus

giganteus, 93% of Protothaca staminea, and 74% of the mixed

-

d@posit were retainedvby~sieues measuring 4 mm and larger.
Figure 3 illustrates the overall part1c1e size distribution
‘accordlng to species. A graph of the results (Flgure 4)
illustrates considerable variation in the rate of

i

‘ reduction. Mytilus‘edulis shells exhibit a significant

decrease in the rate oF reduction after 160 passages,

Protothaca staminea shells exhibit avrelatively‘eonstant

~rate of reduction throughout therexperiments,‘and Saxidomus

giganteus shells exhibit an fg;reasing rate of reduction

¥

after 320 passages.
With regard to the Series B experiments, Table 8
illustrates particle sise'feductioh as a function of

trampling 1ntens1ty and permeab1l1ty of the substrate. An
1ncre;se‘1n ‘the number of trampllng passages clearly

producesllncreased particle size reduct1on. Additionally,
a permeable substrats;1s demonstrgzed to reduce shell |

2x -

reductlon by tramplxhg . Edge damage was common on all

,f .
types of shell and several fragments of Mytilus edulis

exhibited‘Separation of the nacreous and prismatic‘

microstructural layers.

Vertlcal Dusplacement

Table 9 1llustrates the percentage of shell (by welght)
displaced downward through a loam substrate by trampling.
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Figure 3. Shell Particle Size Dlstrlbutlon,

Series A Experiments.

Percentages: were

‘recorded after 640 trampling passages on
separate deposits of Mvtilus edulis,.
and Saxidomus glganteus.

;Protothaca stamlnea

®
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9% Shell Retained by Sieves 4mm and Larger

100 .\\\\@ . 4
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v

o A Saxidomus giganteus
. ' Protothaca staminea
wi T Mytilus edulis -
10% A
80 - 160 320 S, as0 840.

Numbper of Trampling Passages

P e s
N

-

Figure 4. Rate of Shell Fragmentation
During Trampling. Percentages were
recorded on separate deposits of Mytilus
edulls, Prototnaca staminea and Saxidomus

+
- R aal -

TaAnTe LS. .
— 72 -




Table 8.

Shell Fragmentation as a Result of Trampllng,-s
Series B Experlments .

Experiment . No. of -Substrate |
No. Passages - ' g
‘ by sieves of
4 mm and larger
5 " 100 shell 94%
6 . 1000 shell 80%
7 10/‘\*' ‘4;;‘ loam 96%
8 lee0 T loam 87%
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Table 9

Dépth

Shell Displacement as a Result of Trampling

=

/ /

‘Percentage of Shell Récovered

~

. Experiment # </; Experiment # 8;

" Below Y 100 Passages 1000 Passages

Surface .

6 - 2 cm 99% - - 96%

2 - 4 cm 1% 1 3%

//

4 - 6 cm 0 1%

6 - 8 cm 0 0

8 - 10 cm 0 0
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"OQérallf a relatively 1ow propgrtion of‘shei} parfiéléé was
displaced mére thah 2 cm.” It has been estabiished;
howevér, that at least one parfic&e from each éize range
smaller than 32 mm was displaced byimore)than 2 cm.
 DISCUSSION

. These expefiments provide‘some insight into the.gﬁfécts
. of trampling on shell deposits, éontribufing to an
increased appreciatioa df the factors govefning the
fragmentation and vertiéél.displacement éf shells in '5
archaeological sites. In genergl,‘the results illustrate
that as a functidn of human trampliﬁg, Fhe pafticle size
distribution of shells is dependént on,both»the species of
shell and,thg numbe: of trampling passaées. Furthef, some
vertical displacement of she115»6qn be exéectéd as‘a result
of'huﬁan trampling. S 'A\ | | |

The fragmenfation reshits are in éccbrd Qith the

;generaiéggtion in sheli midden studieé that the degree éf
'shell'fragmentafion refleéts the intensity‘of human'&

activity on a shell deposit. They aIS? suppnort the

contention that particlés on permeable éﬁbstnates will be

less subject to fragmentétibn than pa:ticies‘pn,mbre.
resistant substrates (Wilk and Schiffer'1979); The resq}ts-
are also comparable tQ an experi@éhtal study of potsherd
fragmentation, which deménstrated continual reduction‘in
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sherd size with continued traﬁp;ing'(Kirkby:and Kirkby
1976). ’ |
Tpe vertical displé%emenq of shell particles, as

demonstrated in the experiments, is in agreeméht with the

general notion in archaeological studies that considerable

- displacement Qf'pafticles can occur as a result of . T

trampling,”dgbehding on the number of trampling passages
and the permeability Qf the substrate (e.g. Gifford 1978).
The fragmentation results clearly illustrate the

~

'potehtial of differential recoveryiof various species of
T B {

i
|

shéll in archaedlégical excavations, depending“onfthe size
of screen used during excavation aﬁd/or analysis;'-In these
experiments, fo: example, of shellé subjected to the same

number of tfamplrng passagéa (i.e. 640), only 61% of

. Mytilus edulis shells, as opposedvto 93% of Protothaca

|

staminea shells were recovered by Ssieves meaSuring 4 mm and

largger. However, 88% aﬁd 98% of Mytilus ggulisxénd

Prokothaca staminea she¥ls :éspectively were recovered by

sieves measqring‘2 mm éﬁd laréer. The prihéfy impiacatlon
. of this concerns assessing tpé‘ielative abunaéqce’ofyeachi
$pecies of shelI:in a deposit and‘inferenceséof the .
cultural importan&é\ofkéach épecies based on abundance.

The smaller the screen sizes used in excavation and

analysis, the more accurate the relative prqportions of"

various sheii specié%?aré'likely to be.

\-—-\ﬂ ’ ; 76
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The fragmentation results mgk be of further
signiiicancewwithﬁregard'to assggsingvfhe intensity éf
trampling activity oﬁ Sheil dépositsa If is impossible to
reliably predict the exact number of trampling passages
which would be required to creéte observed particle size
diséributions of shells in archaéologicél sites. ;Clearly,
however, it cén be expected“ﬁhat subjeqt\ts the same amount

of trampling in similar environménts, relétively thin and

weak shells, such as those of Mytilus edulis, will be

reduced to a significantly\greater:degreelﬁhan.thicker and
strbnger shells:of msst clams, oysters, and cockles.
Nofwi%hstanding‘the limitations of experimental data, it
can further be expected that in order to.create a deposit
in.thth 50% or more of the shell is not retained by a
4 mm screen, a minimum of several thousand trampling
passages would probably be required. |

Understandably, an exﬁ&icit consideration of the
simllarity of the sbecies of shell In deposits wi%l
increase confidence in interpretations of inter and
~intra-site variability in shéll.particle‘size
distributions. One's confidence in interpetations of
variability in parti;le size distributions will glso be

e o , - /
incrgggedrif the permeability of substrates are compared.

2

The fragmentatipn results also indicate that edge

damage to valves may occur as a result of trampling, as
77 |
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well as cultural deposition, and therefore is not a
reliable indicator of prying open-living bivalves, as
’*suggested by Clarke and ClarKke (1980). The fact that the

nacreous and prismatic layers of several Mytilus edulls

fragments became separated as a result of trampling

indicates that layer separation is not necessarily the.

T

result;of chemical weathering. Clearly, more Fesearch is

o
L.

needed before these characterk§t1cs of shell fragments may
be used as reliable traces of formation processes

Although not clearly demonstrated in the experiments,
it seems probable that, subject to concinued trampling, »
shells will eventﬁally~be%reduced to a size where no
further fragmentationhw;ll oecur} Addltlonally, it is

likely that this equ111br1um size will vary accordlng to

Y

species.

Similarly, the vertical displacement of shellfpartiéles

is likely to cease after a certain number of passagés,
dependlng on the permeability of the substrate. However,

-

the relatlvely ‘elementary study of shell, dlsplacement in
these experiments does not allow the establlshment of

% ¥

detailed principlesnregarding shell displacement as a
functigﬁfof trampling:

There are many variables*of”trampling on shell which
remain to be adequately studied. For example, the weight

of the person trampling, the type of footwear worn,
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the orientation of valves,"thé thickness of the deposits,

;
e

and the éroporfion_qi ;hétls to other particles in the
deposit aie undoubfédly igéortant variables affectiné shell
fragmentat:on, Yet their Qrecise effects are unknown. 'It
should also be appreciated that previous studies of
tiambling suggest Fhat walking p:pduces a:signiﬁicahtly

. greater force onﬁéediménts than standing gnd walgﬁng
downhill produces a significantly greater force than
walkiné uphill (e.g.AHarpex et al. 1961; Liddle 1575;
Weaver and Dale 13978). 'Thesg factors may potentially be

important in detérmining the direction of human travel on

sloping pathways and the delineation of activity areas.

R
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CHAPTER 6 A CASE STUDY IN BIVALVE SHELL TAPHONOMY
. INTRODUCTION
In ®he prev%ous chapters, the dynamics and
archaeological implications of bivalve shell taphonomy havoi
A E )
been discussed. 1t is clear that many factors affect the:

sedimentary properties of bivalve sheélls during,and,éfter

their initial deposition in archa Ological sites,“and the

identification of such factors will increase confidence in

e Ty
. i
. 3

intérp;etations of shell. stratigraphy. So far,

howover, discussions of bivalve shell tapnonomy have beenl’""“"““tt
of a qcnérally theoretical nature. Although i have
attempted to relate the general principles of bivalve shell
tapnonomy and the datanfrom the experiments to actual
archaeoaogical proolems (e;g.‘the identification of shell
midden fopmation processes), it would be useful ‘to eXéﬁine
actual shell m;dden dep051ts w1th con51deration of the
taphonbmic factors outlined in prev1ous chaptprs
Accordingly, this_chapter discusses the results‘of_a
"taphonomic”analysis of shells from two Northwest Coast )
shell middens. Attention is“focussed oni(i) thé relative
_ proportion of shell’torother clasfs (by weight), 1ii)ltne
particle size distribution of shell and (iii), the
relative proportion of 1ndi;1dua1 shell species to each

other (by weight). Variability in these sedimentary .
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propert¢es are examined within one column sample from each
%, . .

¢

site.

BACKGROUND
Datasnsed for this analysis come from column samples:'
- taken from archaeological sites DeRt ; ang DeRt 2,
known as the Pender Canal sites. These sites, separated by
approximately }90 meters, are located on North Pender
Island, in the Strait of Georgia, British Colnmbia. The
excavation end analysis of DeRt 1 and DeRt 2 is a three
\§ear joint project, initiated in 1984,Lbetween Simon Fraser
University and/t%e British Columbia Heritage Conservation
éranch, directedfby R. L. Ccarlson. Complete site
descriptions and preliminary‘analxees can be found in the
report of the 1984 excavations (égrlson‘1985).

The relationship of these sites to each other‘and the .
tormatlon of the de9051ts ‘are not yet fulky understood |
However, preliminary results indicate that the tlae span ‘iﬁl
represented by these sites dates from approximately 5,000
yeérs ago to the historic period. The main period of
occupation of DeRt 1 occured between 2,600 and 400 B. P.

and the main perlod of occupatlon of DeRt 2 occured between
4, 000 and 2,500 B/ p.f Both sites have a relativefi iarge'
proportion of shell, and exceed 2 0 meters in depth;in
bortlons of the de9051ts.3 Addltlonally, both sites exhibit

a fairly complex stratigraphy, belng;composéd of numerous
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species of mollusk remains, rock features, artifacts,

F

bones, and other organic and inorganic matter. , -
One column sample from each site provides the basis of Wy
- . ‘;;‘,:?

this analysis.‘ The column sample from DeRtil was taken

from one of the deepest excavation units, reaching a depth
of 2.8 meters below~-the ground surface (Excavation Unit b -

8 N.; 27 - 28 W). The column sample from DeRt 2 was taken:

Y

from an excavation unit reaching a debthkof only .70 meters

El

'below the ground surfacelgzxcavation‘Unit 22 - 24 8.; 22 -

2,,4 w-)-
The column samples were removed in arbitrary 10 cm
levels, corresponding to the levels in which the units were

g ‘
excavated In total, there,were 27 individual samples from

the DeRt 1 column and seven 1ndiv1dual samplea from the

L 3

DeRt 2 column. The sample 51ze was based on volume,

P

fieasuring 10 X 10 X 20 cm. e
Theusamples were proCessed using the dry sieving
technique, as outlineo by Shackiey (1975:109-113). -As
heating sheils @as been demonstrated to reduce the
resistance of shells to fracture (Currey 1979),:the samples
were air-dried rather than using stanaard techniques of
drying sediment samples in ovens. Inh order to further

reduce the potential of shell breakage duz}ng sieving, most \

large rocks. and shells (i.e. larger than,5.6 mm) were

. removed from the samples by hand. The remainder oﬁ each
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sample was then mechanically shaken tﬁrough a series fo

nested sieves measuring 5.6, 4, 2, and 1 mm. TheSe/are

/

standard measures used in particle size analysis Oéhackley

- 1975). ‘ . " o T s
All the materials in the size classes of larger than
5.6 mm and 5.6 - 4 mm were sorted into the categories of

shell, bone, other organic matter, and rock. Ten percent

(by weight) of the materials in the size classes of4 -2
mm and 2 - 1 mm were éorted into thé ésmebcategbiies. " The
—Sheli which would no%, pass through thi-S.G%mp sieve wés
further sorted into the size classesgéf larger than 16 mm, .

16 - 8 mm, and 8 - 5.6 mm. The material smaller éhah 1 mm o

was not subject to analysis.’

LN

Taxonomic identification of all shell.mateiial larger

3 - e

f than 5.6 mm was attempted. 1In order to examine
differential recovery of shell aéiording to mesh size,
further identification of allishell larger than“2”ﬁﬁ¥was
‘égfempted for several of thé samplés. It is reéognized_
that the shell ofrsome“moiluSRSy such és Mxti%us edulis,
may be easily identifipble even when the particles are less
than‘l mm in size. In.gegeral, howevei, thé identification
of shell sﬁafler‘than 5.6 mm is very time éoﬁsuming,
diffitult, akd'not routinely undertéken in arch&éqiogicalk
stddies. | | |

The weight of matérial in each category and size rangé

~
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was recorded and it is these figures which provide the

A

- - ! (/’
basis for determining the relative proportions of shell to
other clasts,

the particle size distributions of the
shells,

and the relative propoftions_pf vatioue sheil

. 8pecies to eech«other. Four‘mm/gas arbitrarily been cheSen
as the best size to illustrateaphe\partlcle size
dist:ibutionsAof'shegl.

%

@

[
5

| i
: S RESULTS 17/

The raw data ofthe analyses are presented in Appeﬁdix
c. - N

Prc oportion of - Shell to Other Clasts

The proportion of shell to other clasts in, the column

sample from DeRt 1 geqs;ally fluctuates between 33% and 65%

of the total sample weight (Figure 5) Notable exceptlons
occur in the top 10 cm and the bottom 40 cm, where the \;B

proportion of shell to other qlasfs\réngescfrom 10% to 21%
"of the sample weight.

‘With regard to the column sample from DeRt 2, there is i‘
a dlStlnCt dlfference in the proportlon of shell to other

clgsts between the top 4%‘Cm,—WheIGJthe‘pIOpOQtlQﬁ/Of shell

\5 £
where the propbrtion of shell fluctuates between 42%

an&g%sr% of the sample weight (Figure 5]

is relétnyéeyﬁstablej around 6% or 7%, and the: bottom 30
LM, |

O
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A

P§§ticle Size Distributien
In general, approximately 50% of the shell (by weight)

in both sites is larger than 4 mmv(Figure 6). Notable
exceptions occur-in the top 10 cm level in the calumn from'
DeRt 1, in which 79% of the shell is larger than 4 mm, and
the portion of the same unit from 1.5 to 2.0 metefs(below
thefground surface, in which the percentage of shell larger
than 4 mm fluctuates between‘26% end 38% of the sample.
The percentage(of shell larger than 4 m& in all other

" samples from theVDeRt 1l column and every sample from the

DeRt 2 column is between 37% and 65% of the sample.

Relative Proportion of Species

As illustrated in figure 7, the deposits are largely
heterogeneous, although the :elative proportiehs of each.
shell species do vary within{the columns. Rarely does one
species of shell acceunt for more than 50% of the gotal

shell weight in a sample. The predominant.species of shell

throughout the deposits include the bivalves Protothaca

staminea (native littleneck clam), Clinocardium nuttalli

- (basket cockle), Mytilus edulis (edible mussel), Saxidomus

*qiqénteus (butterclam), and Schizothoerus capax

(horseclam). Shells of whelks (Thais spp.), barnacles

- (Balanus spp.), chitons, limpets, crabs, and sea urchins
are also present in the deposits. Differehtial recovery of

various shell species according to screen size is

illustrated in Figure 8.
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UNIT 6~8 N.; 27-28 W., DeRt 1

% Mytilug - % Protothaca % Clinocardium % Saxidomus % Thais ' Unidentified
DB edulis sraminea nuttalli giganteus SPp. ‘:nd Other Taxs
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Figure 7. Proportions of Various Shell
Taxa in Excavation Units 6-8 N.; 27-28 W.,

Percentages based onall shell particles
larger than 5.6 mm. from column samples.
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Figure 8. The Recovery of Various Shell '
Taxa According to Screen Size from Levels
1-5 (0-50 ¢m. D.B.S.), Excavation Unit
22-24 S, 22-24 W., DeRt 2.

Symbols: A, Saxidomus giganteus;
O, Protothaca staminea; ¢, Clinocardium
" nuttalll; [J, Mytilus edulis.
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DISCUSSION
In‘general, the column samples can be described as

being composed of a relatively high progqgtionyof shell to

other clasts, representing several different gpecies‘of

-~

aniégls, and exhibitiné'extensive fragméntation. A notable
loxception occurs in the top 40 cm of tpe‘DeRt 2fcolumn, in
which the proportion of shell to other clasts is relatiyely:
low. -

_There is nO*clear’relationship betwéeg the. abundance of
shell, the particle size distribution of shells, and the
rolative propoftions of the Various species of shell in the
column sémples. Howevef; some of the observed phenomena
can be explaiped with consideration of taphonomic factors
uoutlined in;previous chapters.

One factor which may explain’ the reduction of total

.
-
paed

shell abundance in the bottom levels of the DeRt 1 oolumn
is increased water percolation. As pointed out’{p Chapter
3, primary agents of chemical weathering of shells arerthe
acids in percolating waters. Researchers.can expect,
thetefore: that an increase in groundwater percolatlon w111
’incréase the rate of chemical weathering and ultimate
removallof the shell. This expectation is supported by the
fact that the distinct reduction in the proport1on of shell

to other clasts below 2.4 meters in the DeRt 1 column is
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assdciatéd with sedime&ts,¥which in field notes, were
described as very wét.4 The reason %hf éhese bottom levels
were so much‘wetter than the overlyéng>sediments is because
they were below the high tide mafk,kas was evident by"
repeated flooding of the excav;tion uﬁits‘§uKLQg high
tide. Accoid;ngly, it would be difficult«fo rule out
increased water betcolation as causing the sharp decline in
shellvébundance belbw 2.4 meters. <It:i§ rgcognized;however,
that the chemicéi weathering of shell middens is a very:
complex prdcess, not yet fully‘understoon’ |

The relatively‘stable'particle size distribution‘ofv
shelIAin bogh‘sites (i.e. approximately 50% of thelshgﬁﬁ
larggr than 4 mm and 50% erfhe shell 4 - 1 mm) can\?éf‘
attributed, in part, to the heterégéneous compositié&;df

fgeposits. However, the fact that such a large

LA

thp

’proportion of shell was not retained by the 4 mm sieve.

requires some explanation. As outlined in previous

"chapters, taphonomic agents of shell fragmentation which

deserve éonsideration in archaeological research include
the weight of overbufﬁén,'the initial cultural deposition
of shell, and human trampling on shell deposits.

With regard t& tﬁé‘weight of overburden, it is unlikelyr
that the weight wés sufficient to be a major factor of
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shell fragmentation. As suggested in Chapter 3, the Qeight‘
of overburdeniis not likely to dFﬁegtly cause shell
breakage in shell middens‘unless the overburden is at least
1 mefér thick.; This clearly rules out the weight of

" overburden as a primary agent of fragmentation in the DeRt
2 column, wh}éh was only .70 metersxdégp; +Further, if
overburden were a major factor, one would expecf an‘
increase in the proportién of particles less thap 4 mm with
increasing depth. No such correlation exists in either |
deposit.

The Cultufal discard experiments repofted in Chapter 4
indicate that although shell fragmentatign does occur
during initial deposition of shells as refuse, it generally
results in relatively minor shell bréakage and the
fragments remain fairly large. It is unlikély, therefore,
£hat the large proportion of shéf% less than 4 mm can be
explained‘solély as a result of cultural discard behaviour.

The trampiihé experimeﬂts reported in Chapter 5
illustrated that very intense trampling would be required
to reduce shells to the point where roughly half of the
total shell weight would}not be retained by 4 mm screens.
Clearly, tramplihg Cannot be ruled out as the primary agent
of shell fragmentation in DeRt 1 or DeRt 2. However, if
trampling was the primary agent of fragmentation, then it
must have been very intense. Further, the relatively
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little variation in shell particle size throughout the

- dééthé of the columns may be interpreted as:resultihg from
@gzrly constaht'tramplinggthrougﬁout the'deposﬁtional "
ﬁispory of the deposits. 1It is retognized, however; that
ghe arbitrary 10 cm. levels in.which the saﬁplesAwefé taken
,”{may obscure the results&?i.e. discrete layefs of shell
exhibiting significantly different paiticle size
distributions -may be mixed in the samples).

With regard_tb;the relative éfdportion of species in
the deposits, Figure 7 illustrates éhat shells of Mytilus
eduiis are generally less dominant than shells of -

 Protothaca staminea, Saxidomus giganteus, and Clinocardium

ﬁzttalli. Before researchers may explain such a phendmenon.
gin%}erms éf the relative cultural importance ;f each
"spegies, it is worth considering the.possibilify of
:differential rates of recovéry. /

As outlined in previous chapters, due to differences in
. the 6verall.compo§ition and struéture of shells of various
bivalve mollusks, differential rates of recovery can be

expected. 1In particular, it was found in the trampling

experiments that shells of Mytilus edulis were reduced in

size to a much greater degree than shells of Protothaca

staminea and Saxidomus giganteus. Further, as outlined in

Figure 8, the proportion'of Mytilus edulis shells to other

shells in the samples generally increases with decreasing

93
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sieve size. Accordingly, the observation thatuamong allrg;

shell particles larger than 5.6 mm, Mytilus edulis shells:

e

comprise a 51gn1f1cantly smaller proportion of the samples

!

- than the shells of Protothaca §tam;nea, Saxidomus

giganteus, and other species can'beVertly explained bY/éhef

o

;fect\that a larger percentage of;Mytingfedulig_shells
pé&sed through the 5.6 mm sieve. h a
“;ithifurtherﬁregard fo the proportion:of variogs;
species in the deposits, differentﬂal rec?very resulting
from differential rates of chemical weathering should be
considered. As noted in Chapter 3, small and thin shells

can generally be expected to dissolve at a taster rate than

bigger and thicker sﬁells. The shells of Mytilus edulis-
are generally smaller and thinner than the shells of other
bivalve mollusks found in the deposits. Accordingly,
differential rates of chemical weathering, Qith Mytilus
edulis shells being the most rapidly dissolved, may
-partially explain the reletively low proportion ofiMitilus
edulis shells in the deposits. |
In conclusion, it is recognized that Samples taken in

arbitrary levels may obscure the results andAreduce
confidence in interpreta%ions of sedimentaryiprooerties in
column samples. Ideally, researchers should take a‘sample

?
of each discrete layer.in the deposit. Accordingly, the

i »

"value of this chapter lies not so much in the empirical
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"results of the analysis as in its iliustratioﬁ‘of how ah
\upderstanding of bivalve shell taphonomy can. be used in
'archaeological research, paréicularly with regard to
Enterpretafions of the proportion of shell to other éiasts,
the particievsize,distribution of shells, and the rélativef

. proportion of various shell species to each other.

K e
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o
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CHAPTER 7. CONCLUSION S 5

vig Sheffﬂmidden archaeolbgy has been,lafgeiy devoid of
‘midd1e4range research. - This thesis partialf}Afills,tﬁis
void by examining‘the taphonomy of bivaive moliuék shells
in@archéeolbéicél sitesf‘ Attention i; focussed on shell
orientation, fragmentation, disarticulation, vertical

diéplacement, and chemical weathering. T

Some useful data and insights involving the dynamics

Al

-and archaeological implications of bivalve shell taphoﬁomy

]

;arergleaned from previous studies oﬁlbivalcgﬁshellé and
‘ofﬁéinal experiments involving the cultural déposition of -~
shells and’human trampl{ng on shell depoSifs. Tﬁe
principal results of the %ésearch indicate that upon
initial.deposition of shells as secggdary refus;,kSingle
valves will tend to be orieﬁ;ed concave-gide up, a
substantia1 préportion of articulated valves will‘beéémek
ﬂdisarticulated, and some fragMEntation‘may occur. '%urthe??
sqbﬁgct~to human  trampling, sﬁellsrof various species wili
,berreduced at different rates and iﬁ order to create
deppsits of highly fragmented shell (i.e. 50% or more of
the shell is not retained by 4mm mesh), trampling would .
generally have to be very intense. It is aléoﬂimportant to
note that differential chemical weathering of shells
depends on the species and size of the shell -as welldas éhe
amount of water percolation in the sediments.
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The value of understanding bivélve’éﬁeil taphonomyﬁcan
‘be expressed with regard to (1) fnérea51ng confidence in
, i Y
archaeologlcal lnferences based’on?shell/analysis, (11) the

I
1dent1f1catlon of act1v1ty areaa, ﬁnd (111) asse551ng the

s e,
’

_integrity of shell mlddens

0o

oo

As outllned in Chapter 2, shell analysis is commonly
used in support of behav1oura1 aaﬁ env1ronmental
1nferences.r Examples include us%ng'the spe;;es of shell in
the deposits to make 1nferencesvef varlabllltx in the human
diet anghghe characteristics of Palaeo—shorelines, and
using changes 1n7£he relative abundande of sheEl to make
ingerencés about cultural or envifonmeqﬁai changes. It **=
should be appreciated that an understandikg of bivélve
shell taphonomy will allow researchers to more confidently
_assess whether the types and propogtions ef shells in the
deposit have been biased by such faetors_as differential
rates of fragmentation and/or chemieal weathering.

With regard to the iaentifica;ion of specific activity
areas, khowledge of shell orientation, disarticulation,vand
fragmentation may'be useful. A debosit in which the
majority of valves are oriented concave- ~side up is probably
representative of an area which has been subject to rapid
accumulation of sedlmenge;and little post-depositional
disturbance; such as a secondary refuse deposit.“

Similarly, rapid shell burial, with no extensive
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'?dié&urbance, may also.bevindicated by the presence of .
artlculated valves As demonstrated in tﬁe'experimenfé,, e
deposlts of hlghly f*agmented shell haverllkely been

ifsubject to very intense human trampllng,.such as may occur

g

on houseflodrs or trails.. Conversely, relatively minor

fragmthaFiAn may result from”i;termittgnt trampling,:the
initial deposition of shells, or thé weighﬁfbf overbpraen;w.;
‘such as mdy occur in seCondéfy refuse deposits‘

With regard to asse331ng the integrity of shell
,mlddensi an’ undexrstanding of valve dlsartlculatlon and
orientatlon may be useful. Clearly, thexpresence of
artf&dlated vél;zs in a deposit is,indfcatiVe of relatively
minor disturbancé—byphysical and chemical agents. |
Similgrly, a dominantly concave-side up orientation of
singie valves may be indicative of minor'disturbance.

.Evidently, the aynamics and:archaéolog}cal implications
ot bivalve shell taphoﬁomy are étill notrfully understood.
Th{s thesis represents gnly an initial attempf ét éxamining
the taphénomy of bivalve shells in archaeological sites,
and thg value of the research is restricted by several
theoretical and methodological problems. Prominent
pioblems include: V

1. The fact that experimental conditions are never exactly

duplicated in actual sites. R
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2. A lack, of underétanding of the effects various
sédimentary propértges of shell have on each other.
For example, there haveﬁbeeh no previous studies of how
chemical yeatheiing affects‘sﬁell fragmentaé&oﬁ and
disarticulation, how the o;ientation of shélls may
affect their fragmentatiOn,hbighow the size of shell”
particies may affect their vertical displacement..

3. A lack of established criteria for distinquiSh}ng
between the effects of variqus tapho;omic agenzs. For
example, there has been'no research directed toward
identifying how the morphology of shell particles may
reflect specific agents of fragmentation, such as f
trampling versus the weight 6} Qverbqrdéna

4. The considerable time rquired to record the
sedimentary properties of shell, and A" 3

‘5. The fact that for recording shell orientation,

disarticulation, and vertical displacement in a simple

manner, largé shell fragments or camplete valves are

generally required. | . ‘ . .

The main conclusion of the research is that, déspite
theoretical and’methodologiéal ﬁroblems, accurate <
interpretations of shell middeh stratigraphy deﬁénd on 4an
appreciaﬁion of the behaviour of shells as sedimentary
'particles. Further, excavations and sampling should be
conducted in a manner conducive to understanding}shéll
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-midden formation processes (e.qg. isqlation of discrete.
iéyers) and an explicit considerat;on of biyalve shell
taphonomy should be a fundamental stage of shell middén
analysis. . |
This thesis provides an iﬁitial archaeolggigal

investigation of the dynamics and impIicatiéhs.bf bivalve
shell‘taphohomy. Hopefﬁlly, the research will‘mafe‘
archaeologists aware of}féctors which may bias éhéll
assemblages during and éfter the initial deposition of"

shells as refuse, and stimulate interest and future

research on this topic. e
. gv"vi\; £
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APPENDIX A. RESULTS OF DISCARD EXPERIMENTS
The following tables present raw data of the discard
experiments. See text for a complete description.of'the

research design.
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Table 10.

‘Due

- 14

Orientation Results of Discard Experiments.
to shell breakage and recording error,
orientation of all valves was not recorded.
. SHELL ORIENTATION . _ !
SINGLE VALVES : \ ARTICULATED VALVES ./
Exp. concave- concave- hap- gape-up gape- side-
No. side up side hazard \ down ways /
down ”
1 75 47 6 - - -
2 71 38 4. - - -
3 58 36 7 - - -
4 9 1 - 1 - 4
5 4 2 - - - 7
6 7 9 -~ 2 - ~
7 7 7 - 2 1 -
8 11 9 - 1 - -
9 16 7 - - - -
10 38 9 - 9 S 2 6
11 40 22 - 3 3 -
12 22 8 - 18 6 3
13 6 2 - - 2 -
15 67 31 - - - 7 .
Total 431 228 17 36 14 37
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Table 11. Disarticulation ReSﬁiﬁs of Discard Experiments

Experiment
No.

Number of Articulated
Pairs of Valves Before

Number of Articulated
Pairs of Valves After

Discard Discard
. 10 s
5 10 7
6 10 ya 2
7 10 ' 3
8 2 1
9 2 0
10 24 17
11 24 - 6
12 38 27
13 58 .23
14 218 111
15 111 23
Total 517 225



57
T a

Table 12./Fragmentation Results of Discard Experiments:

Experiment Original Number - Number of ValvesiReduced
No. of Valves by More Than One-half
' ‘Their Original sige

1 N 133 5
2 . | 133 | . 2w
3 . e " 133 “ 32 .
4// g y ¢ 20 0

5/ - - 20 0

6 | K 20 ' v " 0

7 20 - 0

8 25 3

9 25 2

10 79 0

11 79 5

12 84 o S 0

13 116 39

14 ; 436 oo

SN |
15 * . 436 | 74
Total 1759 180
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APPENDIX B. RESULTS OF TRAMPLING EXPERIMENTS

The followingizables present raw data of the trampling
'+ experiments. See text for a complete description of the

&

research design.
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Particle Size Distribution of Shell After 640’g

Table 13. ,
Trampling Passages, Series A Experiments.
* Weight of Shell (grams)
Particle Deposit 1 Deposit 2 Deposit 3.
Size Saxidomus Protothaca Mytilus
giganteus staminea edulis
0-2 mm 6; 30 - 90
2-4 mm 164 76 . 203
4-8 mm 122 389 . 382
8-16 mm 613 766 75
16-32 mm 540 239 0.
Total 1500 1500 750
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Table 14.

Shell Particle Size Reductlon Durlng,Trampllngy
Series A Experiments.

"

Weight of Shell (grams) Retained by T
~Sieves of 4 mm and Larger '

No. of Saxidomus Protothaca Mxtilds Mixed
Trampling - giganteus staminea edulis
Passages

0 1500 1500 - 750 1000

80 147457 1471 638 -

160 1466 1454 518 - -
320 1455 1440 473 -

. 4 \‘F:A
640

1275 - 1394 457 740

A
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Particle Size Dikstribution of Shell After -

Table 15.
Trampling, Series B Experiments.

Weight of Shell (grams) |

Particle Exp. 5 Exp. 6 Exp. 7 Exp. 8

Size '

0-4 mm 38 127 14 45
4-8 mm 189 351 143 212
8-16 mm 351 154 345 281
16-32 mm 107 53 176 81
32 mm+ 0 0 0 L21
685 685 678 650
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Vertical Distribution of Shell After Trampling,'
Series B Experiments.

Table 16.

Experiment 7
(100 Trampling Passages)

, Weight of Shell (grams)
Depth Below

Surface 0-4mm 4-8mm 8-16mm 16-32mm _ 32mm+ Total
0-2 cm 11 141 343 176 0 671
1 2-4 cm 3 2 2 0 0 7
4-6 cm 0 Om_’ 0. s 0 0 0
Total.. 14 143 345 176 0 678
Experiment 8 o
~(l,000‘Trampling Passages)

, Weight of Shell (grams)

Depth Below , '

Surface 0-4mm 4-8mm 8-16mm 16-32mm 32mm+ Total
0-2 cm 45 204 276 77 * 21 623
2-4 cm 6 5 5 4 0 20
4-6 cm 4 3 0 0 0 7
»Total 55 212 281 § 81 21 650

109



.
[N

APPENDIX C. RESULTS OF COLUMN SAMPLE ’ANALY%ES FROM DeRt 1

and DeRt 2

-
. A
AN
BN 2
-
B
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Table 17. Bulk Composition of Column Sample from
Excavation Unit 6-8 N.; 27-28 W., DeRt 1.

[*

¥ Depth "Weight of Constituents (grams)

Below N
Surface Shell Bone Other Rock Residue . Total
(cm) . Organic - Less than
1 mm -
20-30 a6 0 30 26 214 ¢ . 316
30-40 691 3 33 197 347 1271
40-50 696 0 7 ¢ 141 416 1260
50-60 777 6 .8 290 371 1458
60-70 681 3 13 - 384 505 1586
70-80 Y 629" 1 13 409 436~ 1488
80-90 889 ‘fll L7~' - 349 351 1597
90-100 1245 1 12 477 359 2094
100-110 878 2 14 439 232 1565
110-120 709 1 10 454 306 1480
" 120-130 682 1 18 324 287 1312
130-140 450 6 10 154 214 834
140-150 693 3 9 522 265 1492
150-160 . 744 3 14 180 374 - 1315
160-170 816 1 11 206 503 1537
® 170-180 705 1 11 172 493 . 133%;’
| 180-1%90 238‘ ot 5 260 225 725
199-200 744 i,,} 5 260 674 1630
200-210  -1038 ‘1 .5 130 570 1744

210-220 828 1o 2 141 . 295 1267
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Table 17 (continued) e 1,

. DepthL co Weight of Constituents (grgms))
Below : ' ) ‘ ; »
. Surface 'Shell Bone Other Rock Residue Total
Sftem) s ‘ Organic = -‘Less than’
o ' I mm
220-230 765 1 5 284 234 1309
230-240 - 893, 1 6 649 471 12026
LT . T
240-250 ~ 376 " 1 7 993 789 2166
250-260 329 1 4 1035 1019 2388
260-270 231 1 5 1100 963 . . 2300
. 270-280 1331 0 4 766 486 1587
. = \
Fotal 17130 - 42 268 10288 11405 39133
3 | .
" ‘.,-;b;
¢
Py ;\ o I
- @y ‘%@
i K
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Table 18. Bulk Composition of Column Sample from
Excavati-n Unit 22—24;5.;‘22—24?w., DeRt 2.
Depth Weight of'Constitueﬁts (grams)
Below X ~
"Surface Shell Bone Other- Rock Residue Total
(cm) Organic Less than
1 mm

0-10 180 2 g » 1300 1023 2513
10-20 95 1 2 649 - 565 1312
20-30 73 1 12 622 509 - 1217
30-40 106 1 3 767 664 1541
40-50 678. 13 3 555 408 1657
50-60 841 14 5 441 215 1516
60-70 1181 2 3 815 474 ’ 2475
Total . | 3154 34 36 5149 = 3858 12231

N

113



Table 19. Particle Size Distribution of Shell in Column
Sample from Excavation Unit 6-8 N.; 27-28 W.,

DeRt/§/’/~‘\ ~/,
Depth - Weléﬁk‘ef_Shgll (grams) Ke
\ \\ s

Below A . h . e
Surface Over ﬁ6~8mm S—S.dmmu 5.6*433*—4f§mm 2-1lmm Total
(cm) 16mm | ‘ .

\ v
- =

20-30 0 \36///, 10 7 7 2 46

30-40 < 117 140 47 53 170 164 691

40-50 38 142 50 76 204 186 696

50-60 41 197 66 91 216 166 777

60-70 30 86 50 88 227 200 681 -

70-80 38 °89  sg 80 206 158 629

80-90 37 268 94 108 218 164 889

90-100 175 323 102 136 302 207 1245
100-110 58 241 106 131 217 125 878
110-120 45 148 74 101 194 147 709
120-130° 34 93 64 88 227 176 682
130-140 64 84 33 . 50 122 97 450
140-150 165 148 41 68 149 122 693
150-160 33 93 69 99 249 201 744
160-170 15 44 58 105 318 276 816
170-180 12 74 58 76 247 238 705
180-190 8 11 21 21 81 96 238
190-200 13 103 78 83 243 224 744
200-210 94 187 78 94 310 275 1038

210-220 81 164 96 88 230 169 823
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Table 19 @ (continued)

Depth \\ ' Weight of Shell’ (grams)

Below .

Surface Over 16-8mm 8-5.6mm 5.6-4mm 4-2mm 2-1lmm Total
(cm) l6mm

220-230 77 152 81 86 219 170 785

230-240 153 150 64 76 214 242 899
240-250 18 83 58 68 123 26 376
250-260 16 74 51 64 . 104 20 329
260-270 19 45 | 38 50 63 16 231
.270-280 8 38 39 54 172 20 331
Total 1389 3197 1584 2641 5032 3887 17130

kg
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Table 20. Particle Size Distribution of Shell in Column
Sample from Excavation Unit 22-24 S.; 22-24 W.,
: DeRt 2 ’
Depth Weight of Shell (grams)
Below - . A
Surface Over 16-8mm 8-5.6mm 5.6-4mm 4-2mm 2-1lmm Total
(cm) lomm , « ' ‘

1 %

0-10 22 24 12 18 58 46 180

10-20 4 13 13 13 44 8 95
20030 2 9 9 15 35 3 73
30-40 3 14 19 20 48 2 106
40-50 115 110 32 63 191 167 678
50-60 163 149 61 97 223 148 841
60-70 159 135 69 129 392 297 1181
. A
Total 468 454 215 355 991 671 3154
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Table 23. Particle Size Distribution of Various

Invertébrate Shells in Levels.-1-5 (0-50 cm

D.B.S.) in Column Sample from Excavation Unit

22-24 S.; 22-24 W., DeRt 2
Weight of Shell (grams)
Taxon Larger than 5.6—4nmm 4-2 mm Total
B 5.6 mm -
Mytilus edulis 11 33 147 191
Protothaca stgminea 135 12 g‘ 156
Clinocardium nuttalli 15 v4 9 "28
Saxidomus giganteus 20 - - ﬁ%ﬂgi.
Schizothoerus capax 4 - - 4 a
Thais spp. 77 8 - 85
Balanus spp. 30 27 78 135
Other 1 2 “:>3Z} 37
Unidentified 108 43 99 250
Total 401 129 376 906
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