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ABSTRACT

In many interpretations of hunter-gatherer settlement systems,
archaeologists have assumed implicitly or explicitly that a pattern of mobility
based on seasonally-scheduled movements between different site locations was
practiced. This pattern of mobility is often characterized as a seasonal round,
where different locations are used during specific times of the year for different
purposes. An implication of this pattern of mobility is that short-term occupation
sites are visited annually, approximately at the same time each year and longer-
term residential sites can span multiple seasons. To interpret seasonality, indirect
indicators are often used but the high-resolution methods presented in this study
provide direct evidence of seasonal site occupation. The Pacific Northwest Coast
provides an ideal landscape to examine seasonality since many of the staple
resources, particularly salmon, were available on a seasonal basis. Contrary to
longstanding assumptions of regular seasonal movement between sites, the
analysis of shell samples from multiple archaeological sites from distinct regions
in British Columbia show complex patterns of multi-seasonal occupation at
smaller campsites and specific seasonal or multi-seasonal emphasis in occupation
and/or shellfish harvest at longer-term residential sites.

To identify patterns of shellfish harvest, stable oxygen isotope analysis
and high-resolution sclerochronology were applied to the bivalve Saxidomus
gigantea (butter clam). Combined with shell growth increment analysis to
examine relative levels of harvest pressure, local rates of shellfish collecting are
also interpreted. To examine regional variability in seasonality and resource use in
British Columbia, three environmentally and historically distinct areas were
selected spanning approximately 6000 years of history. These regions include the
central coast in the tradition territory of the Heiltsuk, and two areas on the
northemn coast, specifically the Dundas Islands Group and Prince Rupert Harbour
in the traditional territory of the Tsimshian. The results of the analysis show site-
specific trends in shellfish harvesting on the central coast; a pattern which is not
as clear on the northern coast. Sites on the Dundas Islands show multi-seasonal
collection and a stronger emphasis on winter shellfish harvesting. The results also
show that shellfish were harvested more intensively in the Dundas Islands area
relative to the central coast. The pattern of seasonal shellfish harvesting on the
mainland coast at village sites in Prince Rupert Harbour is similar to the pattern
found at long-term residential sites on the central coast. With respect to the
dietary importance of clams, another longstanding issue in Northwest Coast
archaeology, the results show a mix of patterns including casual resource use at
most campsites, intensive multi-season harvest in some regions and strategic
multi-season harvest and spring consumption at some residential sites.
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CHAPTER 1
Well | think the last one that | know, what we do dur food for the year
round, that’s the clams. The clams last just atmuthrough the winter. We
had to go out and pick it anytime through the wintaut sometimes we
smoked it and dried it, because it's a differergtéawhen it's smoked and
dried. That is all we do with it. That's our fooigint through the winter. We
live on that all through the winter. Even if we raaot of different kinds of
food, we just go down the beach and dig some ctardsve eat it anytime
we want it in the winter time. | think that's albbaut that | know.
-‘Food Gathering’ by Eli WallaceBella Bella Storie1973:112)
1. INTRODUCTION
The Pacific Northwest Coast provides an ideal laads to examine the
guestion of archaeological seasonality since thieniyaof local economies relied
on foods that were seasonally available, specijiealadromous fish, such as
salmon. There is documented inter-site variabifitthe subsistence strategies for
the acquisition of both fish and shellfish remaonsthe coast of British Columbia,
which may also suggest there was variability irseeal patterns of resource
acquisition. The analysis of salmon remains froisson the central coast have
yielded evidence pointing to food storage datingkb&000 years, suggesting that
seasonal harvests of salmon supported long-teropation at village sites.
(Cannon and Yang, 2006). Different patterns iflBsle harvesting strategies
have also been identified at different types @ssisuch as long-term occupation
or short-term camp-sites. For example, growth imenet analysis of butter clams
on the central coast of British Columbia demonsttatifferent shellfish
harvesting intensity between sites within the raglmased on the premise that less

intensive harvest would result in greater numbérseanile-aged clams (Cannon
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and Burchell, 2009). Long-term occupational sigegh as villages had a higher
proportion of shells in a senile stage of growtith.contrast, short-term camps
have a higher proportion of shells in a matureestafggrowth. However, the
antiquity of the seasonal patterns of food acquoisits unknown, not only for the
central coast, but for the whole of the Pacific tNatest coastline.

This thesis applies three analytical methods tceetstdnd regional and
temporal variability in the season and intensitgloélifish collection using: 1)
high-resolution stable oxygen isotope analysiscBrochronology; and 2)
macro-growth increment analysis. These analytexiniques are applied in a
multi-scalar analysis of multiple archaeologicatléimidden sites from the
central and northern coasts of British Columbiamiti-region approach is
crucial for understanding the range of variabiiitysettlement and subsistence
since the cultural variation in resource use isdly related to variation in local
environments (Richardson 1981). This dissertatisn challenges low-resolution
seasonality methods and over-reliance on the ethpbg record. More
significantly, this dissertation provides a new haet for the precise analysis of
seasonality from archaeological shellfish recovdrech estuarine and freshwater
influenced marine environments and offers insighd hunter-fisher-gatherer

settlement and subsistence on the coast of Bfi@hmbia.
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1.2 RESEARCH OBJECTIVES AND STUDY AREA

The species studieBaxidomus gigante@utter clam) is ideal for
conducting seasonality and harvesting studies sins®ne of the most
commonly recovered bivalve species on the coadisitish Columbia, Alaska
and Washington (Cannon et al., 2008; Fitzhugh, 1BRiss, 1993, 2012; Moss
and Erlandson, 2010; Wessen, 1988). In this steigit sites on the central coast
in the traditional territory of the Heiltsuk areadyzed along with 15 sites from
the Dundas Islands Group and four sites in PringgeR Harbour in the
traditional territory of the Coast Tsimshian.

The shellfish data (stable oxygen isotopes, schemmlogy and macro-
growth increments) are integrated with informatidiout local resource
variability and are interpreted within specific @owmental, cultural and
historical contexts. These multiple lines of evide provide the data necessary to
begin to develop historical narratives that exantiespecific contingencies that
shaped seasonal settlement systems.

The objectives of this dissertation are as folloWgo critically evaluate
the seasonality methods for marine bivalves appiethe coast of British
Columbia and to improve the accuracy and precisf@easonality estimates
obtained from shellfish; 2) to analyze live-collettshellfish specimens from the
central coast of British Columbia and apply thes&ado interpret the results
obtained from archaeological shells from multipteswithin the immediate

vicinity of the Namu village site (EISx-1); and ) extend the methodology of
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growth increment analysis to the northern coa&rafsh Columbia and the use
of high-resolution stable isotope sclerochronoltmgxamine harvest pressure
and the seasonality of clam harvest on the Durglasds and in Prince Rupert
Harbour. The results have provided new insights iagional patterns of

settlement and subsistence on the central andarartdoasts of British Columbia.
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Figure 1.1— Map showing locations of seasonality and growtihement studies
on the central coast in the Namu vicinity, the Daméslands, Prince Rupert
Harbor
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Table 1.1 Sites examined for growth increment analysis seabonality*

# of Shells Analyzed

Region Borden Site Site Type Stable Growth
Isotopes  Increments

Central Coast™*  EISx-1 Namt Village 22 197
EISx-3 Kisamee Village 12 67
EISx-4 Small cam| 7 36
EISx-5 Large 7 52

residential
site
EISx-10 Large 14 10z
residential
site

ElTa-25 Kiltik Cove Camg 12 24C
ElTb-1 Hurricane Islan Village 10 42
ElTb-10  McNaughtol Village 6 30

North Coast

Dundas Islanc GcTe-1 Village 14C
GcTe-11 Camg 73
GcTe-13 Camg 5 32
GcTe-4 Camg 18C
GcTe-5 Village 7 59C
GcTe-6 Camy 6 31t
GcTce-7 Village 314
GcTe9 Village 5 171
GcTr-10 Village 127
GcTr-5 Village 194
GcTi-6 Camg 5 18
GcTi1-8 Village 58C
GcTr-9 Camg 78
GdTc-1 Village 5 38
GdTc-3 Camg 8 15¢

Prince Rupe GbTr-1¢ Ridley Islanc Village 5 20¢

Harbou GbTc-4€ Tremayne Ba Village 15¢
GbTc-77 Village 168
GcTc-6 McNichol Creel Village 5 16€
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*Site types from the central coast are based om@a2012); Dundas Islands
(Brewster and Martindale, 2011); Ridley Island (M&979); McNichol Creek
(Coupland et al., 1993); Digby Island (Patton, 204rid Tremayne Bay (Archer,
E’?Aallc):éntral coast shell growth data except EITB-i& from Cannon and Burchell
2009.
1.3 SEASONALITY AND ARCHAEOLOGY

Seasonality plays a critical role in hunter-fisigatherer societies since it
influences the availability of food resources atrddures the organization of
activities and the timing of events. It is therefan important component for
understanding long-term patterns of settlementsadistence. It can also be
extended to explore broader understandings offtmistems (Cannon 2002) and
the nature of mobility and the development of séden(Milner, 2005). The
ability to acquire food in temperate locationsssaciated with seasonal cycles,
therefore environmental changes are integratedaitheconomic and settlement
activities. Seasonal subsistence practices arelstdtein such a way that they
optimize the acquisition of resources that may varyuantity, availability and
abundance. The importance of seasonality alsos/asidocation and it becomes
more important in areas where there is a ‘hungagaee’ resulting in the storage
of food resources to ensure a supply throughouyehe (Harrison 1988:27). In
response to seasonal changes hunter-gatherersazdicg resource management
including the ability to repeatedly alter the meahsubsistence by re-shaping the

landscape and controlling access to resourcesghrauritorial rights or season-

specific harvesting (Smith and Wishnie, 2000) hitnidd also be noted that
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hunter-gatherers can also over-use resources emdish their availability
through repeated harvesting in a localized areajé¢Bet al., 2007).

The question of seasonality is often cited as eémtrunderstanding
subsistence strategies in prehistoric economiedri#mand Crowe, 2000; Coutts
and Higham, 1971; Harrison, 1988; Kennett and ViesH996; Killingley,

1981). Seasonality studies are used most frequentgtermine the season of
resource acquisition and by proxy the season efositupation, which is essential
for examining patterns of mobility and sedentiswihen the availability of both
floral and faunal resources is considered, moreipenodels of yearly resource
cycles can be constructed (Milner, 2005). Howenemy archaeological contexts
do not preserve sufficient quantities of faunal asdecially floral remains to
construct an annual cycle of subsistence activitiethe relationship between
seasonality and settlement is to be answered,y [aftempt to reconstruct the
economy of a site is likely to be at best, panialiccessful, unless the settlement
system in which the site was embedded is takenaotount” (Rowley-Conwy,
1993: 179)

People may aggregate to process seasonally abuedantces and during
lean seasons they may disperse to obtain resotin@esay be available in other
areas. The aggregation and dispersion of people@nmon result of seasonal
fluctuations in resource availability (Monks, 19819), and logistical positioning
in regards to settlement will be the greatest giams with extreme seasonal

variability (Binford, 1980:15). By identifying theeason of resource procurement
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it is possible to identify what percentage of tlearya group may have spentin a
specific area, and to interpret the annual cyclmolbility (Sanger, 1988), or
group coalescence (Cannon, 2002). Ethnographiawdigens on the Northwest
Coast showed shifts in settlement size and stre@acording to different seasons
(Mitchell, 1983), and these periodic group moveradrave been viewed as
necessary to harvest the abundance of seasonallglae resources (Suttles,
1960:527-529 in Ham and Irving, 1975).

The methods for estimating seasonality based oarzbaeological data
generally rely on the presence or absence of salgawailable species,
migratory patterns of animals, and the presengevehile or neo-natal
individuals. Physiological events in an animalfe kuch as antler formation,
tooth development and the formation of medullargddeposits are also used to
link a biological process to a specific time of ffear (Monks, 1981). The
analysis of growth structures in teeth, otolithsh scales, and mollusk shells are
used to identify the season of death based onrttireg of the formation of
increments, or ‘growth lines’ (Monks, 1981). Howevthe use of ‘growth lines’
to interpret season of death in shellfish cannatdresidered reliable without
geochemical alignment and a modern comparativeygfucdrus, 2011).

1.4 SEASONALITY AND SHELLFISH STUDIES ON THE NORTHW EST
COAST

Archaeological shell midden sites on the centnal @orthern coasts
represent a diverse range of site types, and tiueenaf the sites and reasons for
their occupation may have changed through timéncdigh the size, shape, form

8
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and function of sites vary locally and regionathpe common characteristic is a
similar variety of taxa represented in the middemsuding butter clam, horse
clam, littleneck clam, cockles, barnacles, mussetglks and urchin (Cameron et
al., 2008; Cannon et al., 2008; Coupland et ab31®ay, 1979). The availability
of shells and their potential use as seasonaliticators has resulted in their
common use for this purpose on the Northwest Qeagt, Ham and Irving, 1975;
Keen, 1979; Clarke and Clarke, 1980; Crockford ¥figen, 1991; Coupland et
al., 1993; Stevenson 1977).

Although commonly represented in archaeologidaksishellfish have
been considered a less significant resource, edfyesihen compared to other
foods such as marine fish or terrestrial mammals(son, 2001:294). In many
archaeological studies, the presence of shellfisitknowledged, but their
importance is overlooked (Fitzhugh, 1995:130)e use of intertidal resources
has been ubiquitous on the coast of British Colandi over 5000 years
(Fladmark, 1975), and was in place as long agdl@g060 years on Haida Gwaii
(Fedje et al. 2001). Shellfish are one of the nabsindant classes of
archaeological remains at coastal sites, and, weatheir absolute dietary
contribution might have been, they were a souraeutiition that had been
universally integrated into hunter-gatherer subsist strategies throughout the
Holocene (Fitzhugh, 1995).

There is limited ethnographic and archaeologiafairmation regarding

the role and significance of shellfish along thérerPacific Coast (Cannon et al.,
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2008), and much of the ethnographic informatiorshellfish gathering is limited
to select cultural groups. The lack of ethnograpficrmation on shellfish
harvesting may be attributable to the uneven thistion of attention that was paid
to male-dominated and more dramatic subsistenoetes such as fishing and
sea mammal hunting (Moss, 1993). Based on the gthpbic record, the
Northern Coast Salish dug for clams during the &imthen the tides were low at
night (Kennedy and Bouchard, 1990:445). Similatthg Tsimshian in Prince
Rupert Harbour harvested shellfish during the wi(italpin and Seguin,
1990:271). Shellfish were gathered year-roundhleyHaida, and, if there was a
poor salmon harvest, shellfish became more impbmatihe winter and spring
when other foods were scarce (Blackman, 1990:Z4¢ Nuu-chah-nulth on
Vancouver Island gathered shellfish in the spriagawse of the scarcity of other
foods (Arima and Dewhirst, 1990:394). Regardl#ss observations of seasonal
resource procurement made during the ethnograghniacpare not necessarily
representative of the archaeological past, nohdy take into account the
potential for change over time (Conneller, 2005,0-4989; Jochim, 1991).

The majority of seasonality studies from the Naetkt Coast have
focused on the presence of an assumed ‘seasomal’ (@umes, 1981:798), which
was based on the need to procure and processridabd late summer and autumn
to sustain village populations throughout the wimbenths. This pattern of
residential mobility has been heavily generalizednfiost of the North Pacific

Coast and is influenced by observations from thiky &ropean contact era

10
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(Ford, 1989). After European contact, during ttieehistoric era, residential
mobility was frequently noted (Barnett, 1938; Mietlh1983; Mitchell and
Donald, 1988), and this model of the ‘seasonal dobas permeated
archaeological interpretations (Ford, 1989). Onthefprimary reasons for
archaeological interest in the analysis of shéllfssnot only to gain insight into
subsistence practices, but also to determine, iyypthe season of site
occupation. However, even high-resolution analgsshellfish will not identify
when a sitavas notoccupied.

Low-resolution seasonality indicators, such asemes/absence studies of
migrating faunas have been applied to understamsbs@l patterns of site
occupation on the northern coast (Stewart, 197#y&t and Stewart, 1996).
However, presence/absence indicators such as migsgiecies can overlap
(Monks, 1981) and do not provide a precise estirftatthe time of capture or the
season of site occupation. Other approaches,asiahcient DNA analysis have
been proven successful in refining patterns of@it@ipation based on the
specific species identification of migrating fisbgnhnon and Yang, 2006; Ewonus
et al., 2011), but seasonal ranges for specificispean still be broad.

As an alternative, bivalve analysis has been widebd to determine
seasonality on the Pacific Northwest Coast. Grdimthanalysis has been the
most commonly used technique (e.g., Clarke anck€]dr980; Coupland et.al
1993; Crockford and Wiggen, 1991; Ham and Irvir#/3; Keen, 1979; Maxwell,

2003; May, 1979; Stevenson, 1977). This approadetermining the season of
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shellfish harvesting is based on the assumptiamtiodusks deposit calcium
carbonatevhen they are submerged during high-tide, and gnone rapidly in

the summer and either slow or stop growing in th@ev to form an annual line
(Rhoads and Pannella, 1970). For this methoddghsos of shellfish collection is
determined by comparing growth increments (thegaisrof rapid growth) to
growth lines (periods of slow or no growth) andrthogy dividing the width of the
pre-death increment by the width of the last cotepilecrement (Monks and
Johnston, 1993). The distance between the lass yégrowth is compared to
the previous year’s growth, and based on the distaetween the lines a season
of death is inferred.

An alternative approach focuses on seasonal vétyaibi shell stable
isotope values. Coarse-resolution stable oxygdopsoanalysis, for example,
was conducted at the Yuak site in Alaska, showmgraphasis on autumn and
winter harvesting (Fitzhugh, 1995). Recent advamntasable isotope
sclerochronology have shed light on a variety ofdes rendering the method of
‘growth line’ analysis unreliable for determiningasonality (Andrus 2011;
Hallmann et al., 2009). Shell growth rates arealde across time and space,
which can make ‘winter growth’ lines indistinguidi@ from lines deposited by
stress, changes in temperature, salinity or foalfnn et al., 2009).
Furthermore, ‘winter growth’ line analysis, or drgrlowth colouration methods
do not consider regional variability in shell grémwates or the decrease in shell

growth rates through ontogeny (Schone, 2008). #atdilly, in some butter
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clamsmultiple ‘winter growth lines’ are observed in agle year (Gillikin et al.,
2005), and these cannot be identified as ‘wintezaks without both geochemical
and sclerochronological analysis.
1.5 MATERIALS AND METHODS

The butter clamSaxidomus gigantearecipitates an aragonitic shell
(Gillikin et al. 2005). It is a temperate marineesges that burrows to a depth of
approximately 30 cm below the sediment surfacéénintertidal zone
(Nickerson, 1977; Paul et al., 1976). Althoughvies in both marine and
estuarine, and freshwater-influenced marine settomgthe Northwest Coast,
almost all clam beds associated with shell middenise area are subject to
freshwater fluxes from river outflow or precipitani. Therefore this factor must

be considered when interpreting stable oxygen sottata.

Figure 1.2— Butter clamSaxidomus gigantea.
The shell samples used in this study were colleictdide field, and from
museum and university archives. Samples from thralN@gion on the central

coast were obtained from samples collected wittcen Ducket auger (Cannon,

13



Ph.D. Thesis — M. Burchell McMaster University — Anthropology

2000). Additional wholé&. gigantearalves from Namu were obtained from level
bag samples from the 1977-78 archaeological fighdal excavations conducted
by Simon Fraser University. Live-collected sheltsng with water samples were
collected from the beach in front of Namu (EISxahyl from the intertidal zones
in front of nearby archaeological sites EISx-4 &tia-25 in August 2009. An
additional live-collected specimen from Kakushdtdrbour, located to the north
of Fitz Hugh Sound, was collected in June 2008heyRepartment of Fisheries
and Oceans Canada during intertidal surveys of tlads.

On the northern coast, butter clam shells frombadas Islands were
also obtained from bucket-auger sampling (Brewater Martindale, 2011),
following the methods used by Cannon (2000). SHedm the Prince Rupert
Harbour village site of McNichol Creek (GcTo-6) astikll midden sites at
Tremayne Bay (GbTo-46) and GbTo-77 were obtainech fexcavations
conducted by the University of Toronto. Shellsvirthe Ridley Island site
(GbTn-19), which are curated at the Canadian Musau@ivilization, were
recovered in May’s 1979 excavations at the site.

1.5.1 Growth increment analysis to determine rel@e levels of harvest
pressure

Using butter clam shell fragments >2 cm in widtigasured from the
ventral margin, it is possible to identify a shelfjrowth stage as either ‘senile’ or
‘mature’. Shells in a younger stage of growth havenly spaced growth
increments, whereas older shells have growth Bmesincrements that are tightly
packed as a result of irregular and slowed gro@thgssen, 1988) (Figure 1.3).
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Figure 1.3— Shells showing senile (left) and mature (righiéges of growth.

Shell midden sites with intensive harvest presshmild have more shells in a
mature stage of growth than sites with less intenkarvest pressure, which will
have a higher proportion of shells in a senileetaiggrowth. Cannon and
Burchell (2009), found that sites on the centralstef British Columbia
identified as villages had a higher proportion efite-stage shells, suggesting
conservation of intertidal resources in the immedsite vicinity. Specialized
campsites, such as those used for the processsigetifish were dominated by
shells in a mature stage of growth.

Application of the same methodology to sites m Blundas Islands and
Prince Rupert Harbour was undertaken to assess/#rall intensity of shellfish
harvest in the region and to look for potentialiaaitity between sites and
regions. Variability in the distribution of natuna@sources and the occupational
histories of the Dundas Islands compared with sitethe mainland coast in
Prince Rupert Harbour presented an ideal case ichvib test for regional
variability in shellfish harvesting intensity anglasonality. Analysis of auger

samples from the Dundas Islands revealed an extydave density of vertebrate
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faunal remains when compared to sites in PrinceeRugarbour and the central
coast (Brewster and Martindale, 2011). This ingptleat fish resources were less
abundant within the immediate vicinity of the Dusdslands, suggesting the
possibility that people may have been more likelharvest clams as a staple
food source. Growth increment analysis was appbe2D03 individual shells
from 15 sites on the Dundas Islands and 690 indalidhells from four sites in
Prince Rupert Harbour to compare regional varighiti the intensity of butter
clam collection. These data were further compé&vatie published data from the
central coast (Cannon and Burchell, 2009) alon mieliminary seasonality
results (Chapter 4).

1.5.2 Stable oxygen isotope analysis to determiseason of butter clam
collection

The application of stable isotope geochemistryesmive archaeological
guestions of seasonality was first proposed by 8btm (1973), who applied
Urey’s (1947) principle that the isotopic compamitiof calcium carbonate in
fossils could be analyzed to interpret palaeoteatpes. The isotopic
composition of calcium carbonate fossils couldlm®applied to understand
palaeotemperature until calibration studies using@mn specimens were
conducted and the palaeotemperature scale wasopede{Epstein et al., 1953;
Grossman and Ku, 1986; McCrea 1950). Bohm e28D(E) improved upon this
equation by reducing the error of the calculatedperature by combining data
from synthetic aragonite (Tarutani et al., 19699)lascs and foraminifera
(Grossman and Ku, 1986), gastropods (RahimpourdBenal., 1997) and
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coralline sponges (Bohm et al., 2000). This teghaihas been widely applied in
archaeology (i.e., Deith, 1986; Kennett and Vo@hi®96; Killingley, 1981;
Mannino et al., 2003, 2007; Rick et al., 2006; $teton, 1973; Stephens et al.,
2008), however, these studies have not appliedtagblution micro-milling to
extract shell carbonate, nor have they integratedyais of micro-growth
formation to establish a more precise seasonahati

In aquatic mollusks, shells grow when they are siged in surrounding
water and when submerged they record local envieoah information into their
shell matrix. When the ratios of stable oxygenadpes are analyzed sequentially
throughout the duration of shell growth it is pb#sito produce an environmental
record of the animal’s life based on the intergretaof geochemical data. The
samples obtained from the last phase of growttcatdiseason of death, and can
therefore be used to interpret seasonal pattersisalifish collection.

To prepare shells for oxygen isotope analy&i®he) shell aragonite
powder was obtained by hand micro-milling at thatka margin, followed by
micro-drilling. Micro-milling allows for an uninteupted record to be obtained
from the shell’'s growth history and minimizes tHfe=ets of time-averaging,
which is the mixing of different time intervals/seas of shell growth (Goodwin
et al., 2004). Micro-milling began at the ventrangin and moved in ~10@m
consecutive steps that contoured the micro-groimgslusing a 1 mm diamond
coated cylindrical drill bit. The faster growingmtions of the shell were micro-

drilled using a 30@um conical drill bit.
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Isotope samples were processed in a Thermo Fimigel 253
continuous flow — isotope ratio mass spectrometapled to a GasBench Il at the
Johannes Guttenberg University in Mainz, Germaimg §t°0 values were
calibrated against NBS-18*f0 = -2.20%0) with a & external reproducibility (=
accuracy) of +0.07%o, and an internal precision.67&o.. Thes*Ogeivalues are
expressed relative to the international VPDB (Veeiee Dee Belemnite)
standard and are given as per mil (%o). Stablearai$ptope values$t°C) were
also recorded but are not discussed in this dessemt A total of 1563 discrete
isotope samples were obtained from 90 archaeologliedls from eight shell
midden sites in the vicinity of Namu to establiglasonal patterns of harvest.
Forty-one butter clam shells with 1837 discretédpe samples from seven shell
midden sites were obtained from the Dundas Islaau$,10 shells with 100
discrete isotope samples were obtained from PRugeert Harbour.

1.5.3 High-resolution sclerochronology

Sclerochronology is analogous to dendrochronoladpere numbers of
micro-growth lines in hard tissues are countedraedsured, permitting an
evaluation of the life-history traits, specificatlye length and duration of the
growing season. The terselerochronologyas first applied to a radiographic
study on corals by Buddemier et al. (1974:196),ibuow widely applied to

studies of aquatic and terrestrial mollusks, ingigdivalves, univalves and
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gastropods The alignment of stable oxygen isotope datakerschronological
measurements is necessary in freshwater-influemaethe environments because
of the opposing effects of salinity and temperatmé'®Og,e; values, which can
make interpreting the isotope profiles of shellfisbblematic, resulting in an
inaccurate season of death estimate. Stable oxggtape ratios, of¥0/°0 in
marine carbonates are influenced by the isotopi@tian in source water and this
variation in carbonate values are influenced bypemature and salinity (Andrus
and Crowe, 2000:39). Salinity may correlate widtygen isotope variation since
evaporation will preferentially enrich the water'f®, as well as create a more
saline environment. Precipitation will deplete Sweirce water with respect D
and lower the salinity, and therefore lower bottboa and oxygen isotope ratios
(Andrus and Crowe 2000:39; Mozley and Burns, 19B83s saline water is
therefore isotopically lighter (Deith, 1986). Ugiregular variation in oxygen
isotopes seasonal patterns in salinity can be weden areas with distinct wet
and dry seasons (Andrus and Crowe, 2000:39), Imitrtethod is more ‘easily’
applied in non-freshwater influenced environmeAtsdfus and Whatley Rich,
2008:1), where temperature is the dominant factor.

The archaeological application of high-resolutsbable isotope
sclerochronology fo8. gigantedas benefited from foundational research by
Gillikin (2005) and Hallmann et al. (2009). Hallmmaet al. (2009) conducted

alignment studies that calibrated lunar daily giowcrements (LDGI) and stable

! SeeGeoMarine Lettergvol. 28, 2008) an&alaeogeography, Palaeoclimatology and
Paleoecologyvol. 373, 2013) for special issues on sclerocblagy.
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oxygen isotopesit®Osner) from live-collected shells from Pender Island in
southern British Columbia, the Dundas Islands irthreyn British Columbia and
Alaska. The results of the alignment study weesnthpplied to shells from the
Dundas Islands Group and Alaska (Hallmann et d@l120012) to interpret
palaeoenvironmental changes over a 6000-year parelalignment 08 Oy
values to LDGI permitted an understanding of vésie in growth rates due to
latitude and local environmental conditions, spealfy the influence of
freshwater influxes 08 Oghe

Sclerochronological measurementsSofgiganteare based on micro-
growth lines formed by tidal action, known as ludaily growth increments
(LDGI) (Figure 1.4). The growth cycles 8f giganteaan be recognized by
counting and aligning the LDGI to shell stable cguet data. This identifies
excursions in the stable oxygen isotope values geasonal freshwater influxes.
To count and measure LDGI, polished shell crosesecwere immersed in
Mutvei’s solution following the methods presentadsichtne et al. (2005). The
three main components of Mutvei’s solution areaaldblue, glutaraldehyde, and
dilute acetic acid, which simultaneously etch thellscarbonate while preserving
and staining parts of the organic matrix of thentiiceral dark blue (Schéne et al.,
2005). The organic-rich lines are clearly visiblece they are etch-resistant and
appear as dark blue ridges, whereas the growtbernments (the space between
consecutive growth lines) are more strongly etcradiappear as a lighter shade

of blue.
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Figure 1.4— Image of the ventral margin of a shell staindith Wutvei's solution
showing LDGI.

This technique, when applied to butter clams, niigtishes between lines
formed in the winter and lines formed as a res#t growth cessation from
freshwater influxes in the spring. In additiondentifying growth
cessation/slowing in the winter, it is also possital identify disturbance lines that
can be caused by spawning, predation or rapid @mviental change. Lunar daily
growth increment widths abruptly decrease then lsiavcrease after a
disturbance occurs, but slowly decrease and tlmwiysincrease around the
annual growth cessation (Clark, 1974). In addijtfortnightly cycles of tidal
bundles of neap and spring tides can be identified.

1.6  Thesis Format

This thesis follows a ‘sandwich format’, with terpapers, as well as the
introduction and concluding chapter. The referersggsear at the end of each
chapter, and follow the specific guidelines forlegmurnal to which the paper was
submitted. The references for the introductory emrcluding chapters follow the
reference style for thédournal of Archaeological Sciencéhe reader will note
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that there is repetition in the papers, specifycdie description of the
methodology applied in chapters 2, 3 and 4. A samrof each paper, the
contributions of each author and where they ardighdd follows:

Paper 1

Refining estimates for the season of shellfish collection dhe Pacific
Northwest Coast: Applying high-resolution oxygensotope analysis and

sclerochronology

Meghan Burchell, Aubrey Cannon, Nadine Hallmann, Hary P. Schwarcz,
and Bernd R. Schone

This paper presents the methodology used in datergiprecise
seasonality estimates from archaeological shedksifcally the estuarine
bivalve,S. giganteafrom the village site of Namu (EISx-1) on the wahcoast of
British Columbia. This paper is published in therjmal, Archaeometry2013, 55:
258-276) and is co-authored by M. Burchell alonthwli. Cannon, N. Hallmann,
H.P. Schwarcz and.R. Schone. M. Burchell wrote all original drafésd
collected and analyzed all of the data. A. Canprawvided shell materials and
funding, and assisted with editing. M. Burchell &hdHallmann worked together
on the analysis on the micro-growth data to ensansistency between this study
and Hallmann et.al.’s (2009) alignment study. FsEhwarcz provided
geochemical insight into the behaviour of oxygestapes and manuscript editing.
B.R. Schéne provided lab facilities and assistat edliting.

This paper is original since it identifies theimgspecific patterns that
influence the biological controls and the distribatof stable oxygen isotope data
for this species. Understanding the seasonalhifityain freshwater influences
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has a significant impact on how these data aregreted for archaeological
seasonality. It is of interest to researchers ih laochaeology and the geosciences
since it has implications for interpreting past faumsubsistence and settlement
patterns, but also addresses the limits of thisrtiggie for palaeoclimate and
palaeoenvironmental reconstructions from archaécdbghells in fresh-water
influenced marine environments. Furthermore, thigap set the foundational
research to expand the analysis to examine regiamglbility in seasonality on

the central coast of British Columbia.

Paper 2

Inter-site variability in the season of shellfish ollection on the central coast
of British Columbia

Meghan Burchell, Aubrey Cannon, Nadine Hallmann, Hary P. Schwarcz,
and Bernd R. Schone.

This paper is co-authored and is published inJthenal of
Archaeological Scienc®013, 40:626-636). M. Burchell wrote all origirdabfts,
and collected and analyzed all of the data. A. @arprovided shell material and
funding, and assisted with editing. N. Hallmann &hdurchell worked together
on the analysis on the micro-growth data to ensansistency with LDGI
analysis. H.P. Schwarcz contributed insight i geochemistry and assisted
with manuscript editing. B.R. Schone providedfiadilities and assisted with
editing.

This is the first systematic, multi-site investiga of archaeological

seasonality using a high-resolution sampling siathat uses both stable oxygen
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isotopes and sclerochronology. Based on the refsaltsBurchell et al. (2013b),
the alignment of sclerochronological data witfOgeiwas used to expand the
analysis beyond the village site of Namu to exanoither residential and non-
residential sites in the immediate vicinity. Tlesults showed site-specific
patterns of seasonal shellfish procurement atreiffietypes of sites, specifically
long-term occupations, such as villages and sleont-sites, such as shellfish
procurement camps. These results are significarguse they demonstrate that
generalized models of seasonality are inadequatddress pattern and variability
in subsistence-settlement practices. The resultsdf@n the central coast are
likely to be found in other regions of the coastadl.

Paper 3

Seasonal Patterns and Intensity of Shellfish Harvéiag on the Northern
Coast of British Columbia

Meghan Burchell, Nadine Hallmann, Andrew Martindale, Aubrey Cannon
and Bernd R. Schéne

This manuscript has been accepted for publicatidhe Journal of Island
and Coastal Archaeologfpecembef012). It incorporates stable oxygen isotope
data from previously analyzed archaeological bigalirom the Dundas Islands
from Hallmann et al. (2012) along with new stabtggen isotope data from the
Dundas Islands and Prince Rupert Harbour. Regwolts §rowth increment
analysis from shells recovered from the Dundastidaare compared to sites on
the mainland coast to evaluate variability in hatygessure between different

sites within and between the two localities. Theppse is to interpret regional
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variation in seasonality and subsistence patt&in&urchell wrote all original
drafts, and collected and analyzed the data fontéweuscript [with the exception
of the data from 27 shells from Hallmann et al.120) which was done in
association with N. Hallmann]. The manuscript We reviewed and edited by
all co-authors. The fieldwork to collect the arebbpgical shells was facilitated
by A. Martindale and auger samples were collecteN bBrewster. B.R. Schone
provided lab facilities for LDGI and stable oxygseotope analysis. A. Cannon
provided the lab facilities to prepare and analywegrowth increments of ventral
margin fragments of butter clam shells. This esfihst analysis of shellfish
harvesting strategies on the Dundas Islands anfirsh@pplication of growth
increment analysis in Prince Rupert Harbour.

In addition to providing new information on seaalily and shellfish
harvesting patterns on the northern coast, thergajieally examines
ethnographic analogy in interpreting shellfish lestvpatterns and challenges
lower resolution studies of seasonality based owtir lines (i.e. Coupland 1993,
May 1979). The results show variation in the ollenéensity of shellfish
harvesting between the Dundas Islands and PrinperRas well as differences in
seasonal collection patterns. The results areftivimer compared to previous
studies of shellfish harvesting (Cannon and ButcB8D9) and seasonality on the
central coast (Burchell et al., 2013a, b). The darspe from Prince Rupert is
relatively small, yet it is effective in showingatthprevious interpretations of

shellfish seasonality in the region are likely ioa@te. This paper is significant
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because it addresses both temporal and regionatiearin the factors that
influence seasonal subsistence practices andraetitgpatterns on the northern

coast of British Columbia.
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CHAPTER 2

REFINING ESTIMATES FOR THE SEASON OF SHELLFISH
COLLECTION ON THE PACIFIC NORTHWEST COAST: APPLYING
HIGH-RESOLUTION STABLE OXYGEN ISOTOPEANALYSIS AND
SCLEROCHRONOLOGY

M. BURCHELL, A. CANNON, N. HALLMANN, H. P. SCHWARCZ
& B. R. SCHONE

2013Archaeometry55:258-276
ABSTRACT

Stable oxygen isotopes from estuarine bivalve caat® from Saxidomus
giganteawere analysed combined with high-resolution sderonology from
modern and archaeological shells from British Cdlian Canada, to determine
the seasonality of shellfish collection from thetbaeological site of Namu. The
combination of high-resolution sclerochronology amdmicro-milled sampling
strategy fors*®0 analysis permits a precise estimate of archaaibgeasonality,
because seasonal freshwater influxes and changesperature have dual effects
on thed'®0 value of the shell. Sclerochronological analysintifies the timing
and duration of growth that is temporally alignedstable oxygen isotope results,
sinced®0 shell appears to be strongly influenced by seslsaputs of very low
3'®%0 snowmelt-water from adjacent coastal mountairgean The results show
that shellfish were collected year-round at thie sver a 4000-year period, and
these data combined with other zooarchaeologioakliof evidence support the
interpretation of year-round occupation

Keywords: Seasonality, British Columbia, stable oxygenapetanalysis,
sclerochronologySaxidomus gigante&lolocene
INTRODUCTION

Identifying the seasonality of shellfish collectiosing growth patterns
and stable isotopes in freshwater and marine nadlbas been a component for
understanding patterns of shellfish harvest ata@clogical sites for over 30
years. Growth lines and increments that form sealoand/or annually have
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been used to attain a lower-resolution seasonatifa@tion in some species,
mainly distinguishing between warm and cold perifuighe timing of shellfish
collection (i.e., Coutts 1970; Claassen 1983; Mi2@01). Shell stable oxygen
isotope values (i.e., Shackleton 1973; Killingl&81; Deith 1986; Kennett and
Voorhies 1996; Manninet al 2003; Ricket al. 2006; Mannineet al 2007;
Stephen®t al 2008) can provide more precise seasonality estgnaut require
sufficient sampling resolution and knowledge ofdlbenvironmental factors that
control oxygen isotope values.

Recent advances in sclerochronology have shetldigh variety of
factors that influence seasonal and annual shellthy;, and subsequently how
these growth structures are interpreted in arclogém! contexts (Andrus 2011).
More recent sclerochronological and stable iso&ipdies from the north and
south coasts of British Columbia (BC) and Alaskaehdemonstrated that growth
line analysis alone cannot distinguish winter lifresn disturbance lines (Clark
1974) caused by stress, predation, spawning dnirger influxes (Hallmanet
al. 2009). These studies have also demonstratestinadiregional variability in
shell growth rates (Hallmaret al 2009, 2011, 2012). Therefore, prior to
determining the season of shellfish collection,rédgion-specific growth rates of
the species in question for both modern and ardbgieal specimens must be
determined. Studies from other regions, such asetbonducted on hard clams
(Mercenariaspp.) on the east coast of North America have dstrated regional

variability in the periodicity of growth line andérement formation, which can
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vary according to latitude (Jones and Quitmyer 19%dso, the timing of the
formation of growth structures for this species magy within the same location
(Henry and Cerrato 2007). Near estuaries or fraggwnfluenced environments,
where many shell middens are located, the inteaposts of stable oxygen
isotope valuess{?0) can be problematic because of the dual effdcts o
temperature and salinitg’fO of seawater) 06'0gne; ratios (Schéne 2008;
Culletonet al. 2009; Andrus 2011). Studies that combine stakjgen isotopes
with shell growth patterns have greater successlieving a more precise season
of collection, since th&*0 values can be placed within the growth phaseiseof
shell (i.e., Jones and Quitmyer 1996; Quitmgeal 1997; Andrus and Crowe
2000). Until recently, there have been few arclagoal studies that combine
sclerochronology (shell growth pattern analysig) gaochemistry to understand
the seasonal growth cycles and the local varighiis'®0 values of modern
shells, which can then be applied as an analogdeteymine the season of
shellfish collection in archaeological contexts @fums 2011).

There are three objectives to this study. Tret & to understand the
region-specific life-history traits of bivalv@axidomus giganteshe most
commonly recovered bivalve from shell midden s@eshe central coast of BC
(Cannoret al 2008). This was accomplished through the apjdicaf high-
resolution sclerochronology to live-collected spaens from the intertidal zones
in front of the archaeological site of Namu (EISxahd two other shell midden

sites in the immediate vicinity. By counting andasuring the micro-increment
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formation, the stable oxygen isotope data werenatigo specific growth periods.
These data were used as an analogue to interprstahle oxygen isotopes of the
archaeological shells. The second objective wavatuate the implications of
using different isotope sampling strategies andatestnate how different
sampling methods can affect seasonality resultsrdatpretations. The final
objective was to use the results of the moderrmateonology and*?0 shell
alignment to interpret the seasonality of archagiold shells from the site of
Namu (EISx-1) on the basis of stable oxygen isotopaysis.

THE SEASONALITY OF SHELLFISH HARVESTING ON THE
NORTHWEST COAST

Seasonality has been examined on the Pacific WeghCoast for the
purpose of identifying the ‘seasonal round’ thaswaserved ethnographically,
where people engaged in a pattern of residentidlilityothat closely followed
seasonally available food sources (Ford 1989).ekample, Tlingit communities
in south-eastern Alaska were observed collectirdjf&gh during the spring
months, when people were living closer to the c@@berg 1973). During the
period after European contact, residential mobwis frequently noted, where
communities would move according to the availapibt local resources (Barnett
1938; Mitchell 1983; Mitchell and Donald 1988). \Mever, questions still remain
concerning whether this pattern of seasonal mghilds in place in the
archaeological past (Ford 1989), and whether coatpapatterns of seasonal
mobility and shellfish harvest are applicable te tifferent cultural and
environmental regions of the Pacific Northwest Goas
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Lower-resolution shellfish seasonality studiegtuncoast of BC have
examined growth lines (structures that form duregurring shell growth
reduction) and increments (the space between grine) to determine the
season of shellfish collection, and by proxy thassa of site occupation (e.g.,
Ham and Irvine 1975; Keen 1979; May 1979; Clarke @rarke 1980; Maxwell
1989; Crockford and Wigen 1991; Couplagtdal. 1993). This approach to
determining the season of shellfish harvestingased on the assumptions that
molluscs deposit CaGQvhen they are submerged in water during high gdew
more rapidly in the summer, slow down and evenyugtthp growing in the
winter, to form an annual line (e.g., Rhoads antk [1980). Typically, in this
region, the season of shellfish collection is dediby comparing growth
increments (the periods of rapid growth) to grolitkes (periods of slow or no
growth) and then by dividing the width of the preath increment by the width of
the last complete increment (Monks and JohnstoB)1®%8wever, this method is
unreliable (Hallmanmt al. 2009), and little success has been achieved tiseng
variation observed in the coloration of differenb\gth periods and growth line
formation even in association with a careful anialg$ monthly collected
specimens (Maxwell 2003). Furthermore, this metthoels not take into account
regional variability in shell growth rates or thecgease in shell growth rates
through ontogeny (Schéne 2008).

STUDY AREA AND CRITERIA FOR THE ANLAYSIS OF S. GIGANTEA

The archaeological site of Namu (EISx-1) is ondéetral coast of BC in
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the traditional territory of the Heiltsuk First Nat, and has been identified as one
of the longest continuously occupied sites in Ndwtherica (Carlson 1979, 1996;
Cannon 2000, 726) (Fig. 2.1). Archaeological claetis used for this analysis
were collected with a 7 cm bucket auger, a samdirggegy that was originally
intended to collect samples to assess variabilithé salmon and herring
fisheries (Cannon 2000). This method also allofeedhe collection of shell
fragments, many with preservation of the intacttk@margin necessary for
seasonality analysis, since the ventral marginaostthe environmental record
formed immediately prior to the death of the animatlditional wholeS.
giganteavalves from Namu were obtained from the level bg@es from the
1977-78 archaeological field school excavationglacted by Simon Fraser
University.

Live-collected shells fo8*20 and sclerochronological analysis were
collected from the beach in front of Namu and fribv@ intertidal zones in front of
nearby archaeological sites EISx-4 and ElTa-25ugust 2009. An additional
live-collected specimen from Kakushdish Harboucated in an area just to the
north of Fitz Hugh Sound, was collected on 2 JU@B2y the Department of

Fisheries and Oceans Canada during intertidal garveclam beds.
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T
Kilomaters

Figure 2.1- Area maps of the coast of BC showing locationgudiss. (a) Map
showing location of the Namu region. (b) Cent@dst of BC showing the
archaeological site of Namu, EISx-1 and locatiohisve-collected shells at
archaeological sites EISx-4, ElTa-25 and Kakushé#iatbour.

Saxidomus giganteg@ommonly known as the butter clam, precipitates a
aragonitic shell and is a temperate marine spéicadurrows to a depth of
approximately 30 cm below the sediment surfacéénintertidal zone (Paett al
1976; Nickerson 1977). On the basis of ‘winter’lic@unts from the exterior of
the shell S. giganteaan live for approximately 20 years or more (Quayid
Bourne 1972). This species lives in marine andagste settings on the
Northwest Coast, and almost all clam beds assacwith shell middens in the
area are subject to freshwater fluxes from riveflow or precipitation. This
species has a limited tolerance for low salinitgl amay not grow during periods

of increased freshwater influx (Gillikiet al 2005).

In shallow-water environments of coastal settinkys,oxygen isotope
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values of the shell carbonate are more sensitiVectd seasonal fluctuations in
temperature and salinity (Andrus 2011). On thdre¢énoast of BC, seasonal
fluctuations in temperature and salinity are prethamtly caused by rain-fed
stream run-off and snowmelt-water. The effecthefe two processes on #1€0
of seawaterd*?0s,) varies along the coastline depending on proxinaity stream
and the average flow of the nearest stream. 5ti@ of rainwater is also known
to vary seasonally (Dansgaard 1964). During thHeafad winter and into the early
spring, snow accumulates in the mountain rangesrenit is stored until late
spring. The average isotopic signature of thissisosubstantially more negative
than that of coastal, low-elevation rains due sa@jiteater elevation and lower
temperature, which further shifts ts0 values of local waters towards more
negative values (Yurtsever and Gat 1981). Dureglate spring and summer,
this snow melts and the melt-water makes up a lpageof the stream flow
entering the Pacific Ocean. Temperature and sglialibong with the factors
discussed above, are the main forces that infludreseasonal variability
observed ir5'®0 shell from the Pacific Northwest Coast (Hallmarl. 2009).
To some extent, these differences are averageasautesult of coastal marine
currents that sweep water generally southward aloagoast. In this
environmental setting tH#°0s,, value becomes more negative with freshwater
influxes and more positive with evaporation (Craigl Gordon 1965).

In environments where the ocean experiences salswarying inputs of

freshwater, a high isotope sampling resolution ghba applied in association
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with the alignment of tide-controlled microgrowthtferns; namely, lunar daily
growth increments (LDGI) and fortnight bundles @@&I. This permits a more
precise seasonality estimate because the growtripstan be used to help place
freshwater-based excursions in oxygen isotope sahie a temporal context
relative to the presence of an annual winter grdiméh In addition to a high
sampling resolution and the analysis of LDGI andnfightly bundles of LDGI,
geochemical studies of live-collected shells aggired to build more confidence
in the seasonality interpretations.

As suggested by Manniret al (2007), the shell sample selection for
isotope analysis was done carefully to ensurettigshells had not been subject
to recrystallization.Saxidomus giganteshells fors'®0 analysis were selected on
the basis of the following criteria: (1) preserwatiof an intact ventral margin; (2)
preservation of an intact upper shell layer; (&) abbsence of exposure to fire,
which would potentially cause a polymorphic inverspf the shell's CaC{
composition from aragonite to calcite; and (4) siee of the shell fragment,
which had to be large enough to adequately samplephe years of growth to
observe the seasonal amplitude. Pricgi*f® analysis, shells were also subject to
X-ray diffraction (XRD) to ensure that the specirsevere not affected by
diagenesis and had adequate aragonite preservattbmo secondary calcite
deposits (Kingston 2007). While many stable oxyigetope studies of shell use
the axis of maximum growth (e.g., Kle& al. 1996; Gillikinet al. 2005; Schdne

et al. 2005b; Surge and Walker 2006), it is not necgssado so withS.
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gigantea because if only a portion of the ventral margipieserved, it will still
produce the same seasonality results if samplezepdicular to the growth lines
(Kingstonet al 2008).

SCLEROCHRONOLOGICAL AND STABLE OXYGEN ISOTOPE
ANALYSIS

For both microgrowth pattern and stable oxygetoise analysis, methods
followed those of Schonet al. (2005a,b) and Hallmaret al (2009, 2011, 2012).
One valve of each specimen was mounted on a Péexagibe with plastic welder
(Multipower, GlueTec) and coated with metal epoasin (WIKO) to prevent the
shell from breaking while being cross-sectioneso B mm thick portions of the
cross-section of each shell were cut perpendic¢aldre growth lines, using a
low-speed precision saw (Buehler IsoMet 1000) afdtanm thick diamond-
coated saw blade. The cut shell slices were mdunith metal epoxy resin on
glass slides, ground on glass plates with 100088dSiC grit powder, and
finally polished with Jum Al,Os5 colloidal solution. After each grinding and
polishing step, the shells were cleaned via aasdinic bath to remove any
adhering media. All samples were cleaned with deeshwater and air-dried.

To determine the length of the growing seaso8.ajigantean the Namu
region, the LDGI were counted from live-collectdakls from intertidal zones in
front of the archaeological sites Namu (EISx-1) &fifa-25. By examining
multiple localities, we were able to confirm if tkewas interregional variability
in growth rates that should be considered whemprééing both microgrowth
patterns and'®0 results. The live-collected specimens were esessioned, one
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half was polished and immersed in Mutvei’s solution20 minutes under
constant stirring at 37—-40°C. The other half & timstained shell was retained
for 8'%0 analysis. The three main components of Mutwsilstion are alcian
blue, glutaraldehyde and dilute acetic acid, wisichultaneously etch the shell
carbonate while preserving and staining the organatrix of the biomineral dark
blue (Schonet al 2005a). The organic-rich lines are clearly Jssilsince they
are etch-resistant and appear as dark blue riddeseas the growth increments
(the space between consecutive growth lines) are stmongly etched and appear
as a lighter shade of blue. After staining, thellghortions were gently rinsed in
deionized water and then air-dried. To analysel ginelth patterns, digital
images of polished and stained shells were taken &ach specimen, using a
Nikon Coolpix 995 camera attached to a binocularrosicope (Wild Heerbrugg
M3Z). Lunar daily growth increment widths from #eevith a known date of
death were measured in the direction of growtlinéortearest gm from four live-
collected specimens from EISx-1 and ElTa-25, uiregmage processing
software Panopea (© Peinl and Schone).

A total of 20 archaeological shells from Namu wit/ discrete isotope
samples were analysed for seasonality. Four lolieated specimens &.
giganteafrom the intertidal zones in front of sites NamUS¥1), ElTa-25, EISx-
4 and Kakushdish Harbour were also analysed. Termiéne the5'°O of
archaeological and modern specimens, shell aragpoiwder was obtained by

hand micro-milling at the ventral margin, followbg micro-drilling in the faster
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growing portions from the outer shell layer of gbked cross-sections (Fig. 2.2).
Micro-milling, using a 1 mm diamond-coated cyliradi drill bit (Komet/Gebr.
Brasseler GmbH & Co. KG, model no. 835 104 010ydomedirectly at the ventral
margin and moved in ~1Q0n consecutive steps that contoured the microgrowth
lines. The faster-growing portions in younger paftthe shell, further away
from the ventral margin, were micro-drilled usin@@um conical drill bit
(model no. H52 104 003). The centre-to-centreadist between drill points
varied between 400 and 60t with the fine-sampling technique. Since shell
sample sizes and ontogenetic age varied, eacthpdlghell fragment was
evaluated using 40X magnification to observe miosagh structures, and to
determine a specific sampling strategy combiningraamilling and micro-

drilling to attain the most appropriate seasonakgolution.

Figure 2.2 -Sampling methods, showing the different samplirtptégues. (a)
Carbonate powder was obtained by micro-drillinghi@ periods of faster growth
(diameter of the drill bit at the tip = 3Q@n). (b) Samples were micro-milled in
100um consecutive steps in the slower-growing shellipos at the ventral
margin (diameter of this cylindrical bit = 1 mm).
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Ontogenetically older shells had more samples chdlethe ventral margin than
younger shells, since the rate of growth slows iclamably with age and therefore
more time is represented within each shell porti@rger archaeological shell
fragments and the live-collected specimens weresrartensively sampled so
that multiple years of seasonal amplitudes couldlzerved. To test the effects
of different sampling resolutions, the specimemfrigakushdish Harbour was
analysed following the above sampling methodsalsd analysed with a coarse-
sampling resolution. For the coarse-sampling thstcross-section of the shell
was hand-drilled with a 1 mm carbide drill bit, vgéamples spaced ~0.5-1.0 mm
apart.

All isotope samples were processed in a Thermoigam MAT 253
continuous flow — isotope ratio mass spectromedapled to a Gas Bench |I.
Isotope data were calibrated against NBS&t8 = —1.95%o) with a 1-sigma
external reproducibility (= accuracy) of 0.07%. fatygen, and an internal
precision of 0.07%o.. Th&'®Ogne1 values are expressed relative to the international
VPDB (Vienna Pee Dee Belemnite) standard and aengas per mil (%0). When
the live-collected shells were gathered, water nnegsents were also obtained
using an Omega®© conductivity meter to determinestimity in PSU (practical
salinity units) and the temperature of the wafEnree separate water
measurements were taken at the same locations wieeshells were collected at
Namu (EISx-1), EISx-4 and ElTa-25, and the averadees of water temperature

and salinity were calculated.
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The palaeothermometry equation by Boéinal (2000) was applied to
calculate the oxygen isotope values of the seav@fis,) from measured
seawater temperatures and &g values ofS. gigantean this region,
assuming that it is secreting in isotopic equilibniwith ambient seawater:

1) T, (°C) = (20£0.2)— (4.42+ 0.1){5°0,,,(VPDB) - 50, (VSMOW)

%o
whereT is the temperature of the seawater in which thdusolwas growing.
We used this equation instead of the one by Grassmd Ku (1986), since it
reduces the error of the calculated temperaturpbining data from synthetic
aragonite (Tarutaret al 1969), molluscs and foraminifera (Grossman and Ku
1986), gastropods (Rahimpour-Boretkal 1997) and coralline sponges (Bolein
al. 2000). With the Bohret al (2000) equation, the precision error on the mass
spectrometer results in an average reconstructeplet@ture error of 0.06°C (1-
sigma).
RADIOMETRIC DATING

Accelerator mass spectrometry (AMS) dates weraioét from seven
shells that were sampled for seasonality. Seyewas of growth were sampled in
each shell to average seasonal fluctuations itota marine*‘C reservoir ages
(Culletonet al 2006). The periostracum and the outermost 100ofrshell
carbonate were physically removed, and then betw8eand 180 mg of shell
carbonate was submitted for AMS dating. Radiomeige analysis was

performed at the Poznan” Radiocarbon Laboratoria(felp and at Beta Analytic

Inc. (USA). Conventional radiocarbon ages werevedied to calibratetf'C
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AMS ages by the program Calib 6.0 (Stuiver and Reit®93), using the
Marine09 calibration data set (Reineral 2009). The average loc4C marine
reservoir effectAR) for the study region is 390 + 50 years (Canebal 1999).
All dates in years BP were calibrated to 2-signmal, eonverted to years BC (see
Table 2.3).
RESULTS

The isotope profiles from modern shells produeaickeasonal cycles
with a sinusoidal curve and consistently have npmsitives*®Ognep associated
with colder temperatures, and more negative vadgseciated with warmer
temperatures. However, negatb?&Ose values are also associated with seasonal
freshwater influxes and/or snowmelt-water run-offiich occur mainly during
the spring (Fig. 2.3). There is an increase iripr&ation during the autumn, with
maximum precipitation during the winter (Environmh&@anada, 2006).
Therefore, the observéd®Oqne; values reflect changes in both local sea-surface

temperature (SST) and salinity.
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Figure 2.3 -The stable oxygen isotope profile of live-collet®. gigantea,
collected at the intertidal zone in front of EISx#d 12 August 2009. The ventral
margind*®Ognen value (—2.56%o) is consistent with more negativie®s:
associated with warmer water temperatures. Na&@dak towards the ventral
margin with the most negative value (—2.78%o.), wtgohld be associated with
spring precipitation, an increase in river water-oif and/or an increase in glacial

melt-water. The y-axis has been reversed to rteflater temperature cycles,
since the most positivi# ®Ogner values are associated with colder temperatures.

Table 1 presents the analyses of local water amglRlls that were actively
growing in the areas at Namu (EISx-1) and nearblyagological sites EISx-4 and
ElTa-25. These data are based on instrumentaleityse and salinity§
measurements at the time of collection, measbif&le;and the inferred'®0g,,

assuming the Bohmat al (2000) equation (1).
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Table 2.1— Results of live-collecte8. giganteaspecimens and water samples

T (°C) of Ventral
water Average margin
Date of measured Measured  3®Osner 8"°Oshen "®0ccanater  0PONIVET water
Collection in the Salinity %o %o %0 VSMO %o SMOW #9860
Site 2009 field (PSVU) VPDB VPDB  reconstructed reconstructed samples
EISx-1 10 August 135 21.7 -3.03 -4.64 -6.01 -16.2 44
EISx-4 11 August 14 22.3 -1.49 -2.56 -3.81 -10.8 16
ElTa-25 10 August 17.9 20 -3.23 -3.43 -3.78 -9 4

In column 7, assuming that the seawater is a twoponent mixture of
normal seawateBt?0 = 0%.) and a single river input with isotopic casjiion
3'%0n, We use the previous da® §'%0,) to calculate values f@*°On,. The
results in Table 2.1 show variation in temperaamd salinity between the
locations EISx-1, EISx-4 and ElTa-25, and thatgaknity values were
significantly lower than that of normal seawatélsing the observed growth
temperatures ankf®Ogpne values for the ventral margirs: O, was reconstructed
from where the shells lived, all of which are miaWwer than that of normal
seawater. If it is assumed that these watersnaredmponent mixtures of
nearby stream-water, then €0 value of the streams whose waters were
admixed to generate these estuarine conditionbeastimated. It is also
assumed that the water in which the clams lived avgo-component mixture
consisting of pure seawater (sw) wetiO = 0% (VSMOW) having a salinity of
35 (PSU) plus river (r) water witt?0 =50, and with a salinity of 0 PSU. The

isotopic composition of the mixture is as follows:
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(2) 5*0sw = Xsw 620 (pure sea water) + (1 < 8 %0w = (1 - %) 6720,

Note that S (salinity) = 35 X, from which we deritt:

(3) 8*0gy = (1 - 0.029 Sp*®0y
These estimates are given in columns 7 and 8 deTalb. Two of the waters
could be accounted for by local rain alo¥@ > 10%o), while that for EISx-1 is
so low that it probably includes a component froravemelt-water.

Although there is variation i'°Os, that directly affects th&**Oghey, it is
possible to align the microgrowth structures with isotope data to establish the
seasonal cycles in shell growth. The LDGI fromlitie-collected specimens
were counted from the known date of collection, andhe basis of the number
and widths of increments, the maximum growth raieuored in July. On the
basis of LDGI counts from live-collected shellglie vicinities of EISx-1 and
ElTa-25,S. giganteaxperiences a slowing of growth from October toiAprith
a cessation of growth for 2—6 months from Novenibecember until
February/March/April (Fig. 2.4). Disturbance liree® observed in the spring
(May/June) and again in the fall, probably duerésfiwater influxes. In some
samples, a distinct line was observed in the midéfithe growing season (July),
which may be associated with spawning. The nurabeDGI per year in shells
from the central coast is, on average, 226 *+ #0some years, a maximum
growth cessation of up to 6 months, from Novembekpril, was observed.
Shells from the central coast can stop growingafigproximately four months,
between October and April; therefore the observatioan isotopic record of the
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lowering of8*®0s, by winter rains is not expected in these shells.
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Figure 2.4- Lunar daily growth increments (LDGI) from fouvé-collected

shells from sites EISx-1 and EISx-4, in the directof growth from left to right:
(a) EITa-25-Al1R; (b) EITa-25-A3R; (c) EITa-25-A4Rt) EISx-1-A3R. The
number of increments ranges between 172 and 29%peiSaxidomus gigantea
ceases its growth for 3—6 months per year deperatirtbe seasonal variation of
temperature and salinity. The vertical black baesveinter growth lines that could
be clearly observed in the shell, which were furtt@nfirmed by isotope analysis,
since these are associated with the most positi@values.

The analysis of microgrowth increments of moderglisitlearly shows
tidal patterns and bundles of neap and spring tigeles, with the most positive
isotope values associated with the presence ohtemline (Fig. 2.5). However,
it should be noted that some specimens, both matetrarchaeological, do not
show clear winter growth lines. In some specimensninent disturbance lines
were observed that could be misinterpreted asm@téwiine’, but the nature of

these lines can only be determined by confirmirgyrtbxygen isotope

composition.
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Figure 2.5- A live-collected specimen from EISx-1 (sampleH[5x-1A2R)
stained with Mutvei’s solution and aligned wfO shell, showing the season of
collection in the summer (a,b). Winter lines (wg &isible in this specimen and
correspond to the most positi¥¥0 shell values. (b) A disturbance line formed
in the summer (s) 15 mm away from the ventral nmargc) On the basis of LDGI
counts, bundles of neap (N) and spring (S) tidale/are clearly visible.

To demonstrate the effects of a coarse-samplirgutsn compared to a

fine-sampling resolution, a more conventional sangpstrategy was applied
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using a hand-held drill versus micro-milling dirgcat the ventral margin from a
shell that was live-collected on 2 June 2008 froakishdish Harbour, BC (Fig.
2.6). For the coarse sampling, the 1 mm drillas not placed directly at the
ventral margin, but instead 0.48 mm from the vémirargin, providing an end

5" 0gnen value of —0.52%.. The sample that was micro-milkeds obtained
directly from the ventral margin and provided au ®alue of —4.64%.. The
seasonal amplitude varied (using the data frondthied specimen) between —
2.80%0 and 0.15%o0, with an average value of —1.05%e0dntrast, the milled
specimen showed a range between —5.09%. and —0.\4ithcan average value of
—2.19%o0. The milled shell showed greater amplitida the drilled shell. If the
range of the high-resolution milling (4.92%.) isrdttited to temperature changes
alone, this would correspond to an annual temperainge of 21.8°C. Modern
sea-surface temperature data recorded from lgg@thlouses in the region show
an annual temperature range for this region of@pprately 7°C [7-14°C]
(Environment Canada 2006). This further demonrssdrttat most of the
variations in5*?0 shell are related to seasonal freshwater disesagd not to
temperature change; a phenomenon that is mordyctdzgerved in the sample

that was subject to the higher sampling resolution.
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Figure 2.6 - 5%0ghen profiles derived from different sampling resolution a live-
collected shell (2 June 2008) from Kakushdish HarpBC. (a) The coarse
sampling resolution using a 0.5 mm drill bit, withmples spaced ~1 mm apatrt.
The distance from the ventral margin to the fieshple is 0.48 mm. (b) The
results of micro-milling in 100 mm consecutive stepeginning directly at the
ventral margin of the shell followed by drilling the faster-growing portions of
the shell.

Figure 2.7 shows examples of fa@fOsne profiles, showing the different
seasons of collection (winter, spring, summer artdran), and illustrating how
the plotted curves can be interpreted with resfmetiie season of shellfish

collection. The most negative values observedih modern and archaeological

specimens are associated with freshwater dischandgsh occurred in the
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spring. The most positivi#®Osne values are observed during the coldest times of
the year (winter). In archaeological specimenssampled between six and 57
discrete isotope samples, with an average of 2®ksnper shell. This allowed us
to match the shape and values of the isotope ¢arspecific growth rates and

8'80gnen values from live-collected and whole archaeoldgspecimens.
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Figure 2.7- 50 profiles of four archaeological specimens from site EISx-1,
showing different seasons of collection. The seasaollection is determined by
examining the shape of the curve and the micro-tir@tvuctures at the ventral
margin, as well as th#®0 value at the ventral margin of the shell.

The results of the stable oxygen isotope anabfséschaeological
specimens demonstrated a pattern of multiple ssasoshellfish collection, with

an emphasis on spring and autumn collection (T2l Thirty-five per cent of

the shells analysed for seasonality were colleictékde spring, and 35% were
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collected in the autumn. Three shells (15%) welkected in the winter, the
remaining 15% were collected in the summer. Orbtses of the radiocarbon
dates, this emphasis on spring and autumn collepgosisted at Namu over a
period of at least 2000 years (Table 2.3).

Table 2.2Summary list of shell analysed from each of theeresites fo5*20
seasonality and sampling technique used.

#0180 Ventral margin

Sample Milled  Drilled samples 0180%o Season
EISx-1-1 15 42 57 -3.05 Summer
EISx-1-2 14 10 24 -4.04 Autumn
EISx-1-3 4 10 14 -2.15 Spring
EISx-1-4 8 38 46 -1.65 Spring
EISx-1-5 15 29 44 -2.75 Autumn
EISx-1-6 10 7 17 -1.18 Spring
EISx-1-7 16 5 21 -3.54 Autumn
EISx-1-8 8 11 19 -0.64 Winter
EISx-1-9 10 5 15 -1.58 Autumn
EISx-1-10 5 15 20 -2.25 Spring
EISx-1-11 10 13 23 -1.06 Spring
EISx-1-12 15 8 23 -2.07 Spring
EISx-1-13 9 41 50 -2.41 Summer
EISx-1-14 11 6 17 -1.76 Autumn
EISx-1-15 6 6 12 -1.66 Autumn
EISx-1-16 13 0 13 -3.07 Spring
EISx-1-17 12 0 12 -0.73 Autumn
EISx-1-18 10 0 10 -0.25 Winter
EISx-1-19 10 0 10 -0.53 Winter
EISx-1-20 10 0 10 -2.72 Summer

50



Ph.D. Thesis — M. Burchell McMaster University — Anthropology

Table 2.3— Seasonality and dates for sev&nys-dated shells at EISx-1

Site Season Conventional 14C Lab ID Calibra_ted date
age (2-sigma)
EISx-1 Summer 2410+ 35BP Poz-30565 cal AD 210-540
EISx-1 Autumn 2425 + 35 BP Poz-33565 cal AD 180-510
EISx-1 Autumn 3260 + 30 BP Beta-297419 cal 790-520 BC
EISx-1  Spring 3695 + 35 BP Poz-30564 cal 1370-1020 BC
EISx-1 Autumn 3750 + 30 BP Beta-297421 cal 1420-1110 BC
EISx-1 Summer 3860 + 40 BP Poz-33587 cal 1570-1240 BC
EISx-1 Autumn 4630 + 40 BP Beta-297420 cal 2560-2200 BC

DISCUSSION

Temperature and the oxygen isotope signatureeofviter in which the
shells grew determine t/3%0 composition of mollusc shells, and both
temperature andf-%0s,, are expected to change through the course ofra yea
Temperature tracks changes in atmospheric temperatd insolation, with the
result that temperature is at a minimum in the gigind a maximum in
midsummer. As previously discussétfOs, is controlled by the influx of
freshwater from streams, either fed by rainfall ightreaches a maximum in
midwinter) or by melt-water from snow-packs in #ijacent coastal mountain
ranges. These effects are large enough that eavaser some distance from the
mouth of streams will undergo a seasonal cycle.

In an environment in whicé®Os,, was equal to that of normal seawater (~
0%o) throughout different seasons, temperature wbalthe dominant control of
8'%0¢nen, leading to maximum values in midwinter and a mimn in midsummer.
Where streams are fed only by rain witfO ~ —10%. (typical of winter rain on
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Vancouver Island; Environment Canada 2083130, could acquire values as
low as —1%o to —2%0, depending on the salinity valeegiivalent to an apparent
increase in temperature of 4-8°C. In contrast-&uring to summer snowmelt
water, at comparable salinity values, would sulitty lower '%0,. In fact,
580 shell values measured during the summer (as &stihirom sampling
position relative to winter lines and LDGI) are rhdower than would be
expected for a mollusc growing at typical midsummeenperatures, clearly
indicating that the water in which they were grogvoontained a significant
admixture of freshwater with a 1084°0 value. Through the course of the year, a
shell at a given coastal site will record an isataycle from winter-like (more
positive) values to summer-like (more negativelueal although the numerical
values cannot be interpreted directly as eitheptature 06'°Os,. In spite of
the consequent uncertainties in their quantitatiterpretation, these records of
3'®0snerstill provide an additional means of identifyingttiming of shellfish
collection. A ventral margin value that yield§'8Oshei close to the maximum
value must have been collected in midwinter. Hoavethe absolut&"®Ogpei
recorded for a particular season of collection walty from place to place, and
from year to year, depending on the local levehofing of fresh- and seawater
as well as the ‘background*®0 of the seawater, which is regionally influenced
by more distal sources of freshwater. Therefoeggmination of the season of
shellfish collection depends critically on beindeatn measure, with the

appropriate resolution, enough shell growth (idealie full year) to assign with
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confidence a position in the local seasonal cydlee-collected shells should
have multiple years sampled to observe the fukkspe of seasonal amplitudes.

Even though the coast of BC is subject to seadoestiwater influxes,
previous studies have argued that growth ratelsi®species are controlled more
by temperature than by freshwater (Hallmatal 2009, 2011), and the changes
in 8'®0gnenare strongly controlled by seasonal influxes esfwater. This
analysis demonstrates that it is irrelevant toutischanges 20 in terms of
palaeotemperaturin this region, since the effect of temperatur&to of shells
is comparatively lower. The influence of wintemsis moderated by the
comparatively slow (to zero) growth rates durinig teason. The extremely low
880 shell values of spring and summer are due tedhebined effects of
injection of snowmelt-water and higher temperatures

The seasonal interpretations of seasonali}d presented here are
uniquely conditioned by the geographical settingh\& coastal waterway with
partly restricted access to open ocean seawat@vidnavinter rains and a nearby
mountain range that accumulates a thick snow-gaatkrapidly melts in the
spring to produce run-off in local streams. Thasbination of circumstances
may occur in other regions that are being studiedhfeirpalaeoclimateecords,
and our model could be used as a possible meantegireting isotope values.
The effects of coarse versus fine-resolution samgphiere also demonstrated, and
this may prove to be useful in other studies ofl g@asonality in estuarine

environments.
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The interregional variability observed in the anrgrawth cycles of the
modern shells may be the product of local variatiosalinity changes that could
affect the growing season. Gilliket al (2005) analyse8. gigantedrom Puget
Sound, Washington and observed up to three gramgk per year, and the
growth lines observed in his study did not corregpwith expected isotope
values for a cold season. This variability in gtiowates and growth structures
can be problematic when attempting to identifyassa of death using low-
resolution methods that rely on the identificatadra ‘winter line’. The results of
the studies by Gillikiret al (2005) and Hallmanat al (2009, 2011, 2012), as
well as the present study, provide a strong fouaddb examine the variability
observed in region-specific growth rates, the iexfice of seasonal freshwater
influxes and seasonality in the Namu region. Relgas of the variability
observed in growth rates, all specimens from thafiedNorthwest Coast show
the most positivé*®Osne values during the coldest times of the year (wraad
overall more negative values during the warmesptratures (summer). The
most negative peaks in the isotope curves werenaddeluring the short-term
seasonal periods of freshwater influxes in thermatand spring. The results of
the regional study of growth rates reinforces teeassity for local calibration
studies to be performed prior to attempting to wetee the season of shellfish
collection in an archaeological context.

The variability in LDGI numbers implies that stgeliom the central coast

do not continue to deposit lines on a daily bastoeding to tidal action, and this
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may be due to the increased amounts of freshwaércause the shell to stop
growing (Gillikin et al 2005). Both ‘winter growth lines’ and disturbanmes
formed at other times of the year can be detecietbstopically, but their
identity can only be resolved by locating the meegative isotope values that
occur in the spring because of snowmelt water.

Applying a high sampling resolution for stable ge&y isotope analysis
permits the determination of an accurate seasdeath in shell fragments from
different ontogenetic ages, and without the proBlassociated with using growth
lines to determine seasonality. For example, Eigu8 demonstrates an example
of senescent growth 8. gigantea&ompared to a younger specimen in a mature
phase of growth. Growth increment widths decreatie ontogeny, so the
amount of carbonate precipitated between wintewtrdoreaks will also decrease
over the lifetime of the clam. However, samplindlDOum steps is sufficient to
identify a precise season of collection, even illdhagments recovered from
auger-collected samples that are ~2 cm in lengthen using micro- or
macroscopic examination of growth lines to detemsaasonality of shellfish
collection in estuarine settings (i.e., Monks aoldnkton 1993), there is a larger
margin of error in the estimated season of shhlffisath. Equally dividing the
increment between ‘winter growth lines’ into thissasons (spring, summer and
autumn) will probably result in an inaccurate s@asbdeath estimate, since there
are variable rates of growth in the growing seasod,the growing season(s)

cannot be equally divided into three parts. Theraore rapid growth in the peak
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of the growing season; therefore that portion @llsgrowth will be larger in
comparison to the periods of growth prior to, aftdrathe period of maximum
growth. This knowledge of seasonal shell growthaklity renders the more

traditional method of ‘winter growth line’ analysipsolete.

Figure 2.8- Mature (a) and senile (b) shell growth from EIExThe mature shell
reveals clear and evenly spaced growth lines; tbetty lines in the senile shell
are more compact.
CONCLUSIONS

The application of high-resolution stable oxygestope analysis
combined with sclerochronology has provided thet fionclusive evidence to
show that shellfish were collected year-round atdite of Namu. An isotope
sampling strategy that uses micro-milling in 100 steps allows for a more
precise seasonality estimate than low-resolutiompiag, since micro-milling at
the ventral margin allows for an uninterrupted eowimental record to be
obtained and minimizes the effects of time-averggissentially, low isotope
sampling resolution and/or an inadequate numbeawiples that do not observe
at least one full year of growth will result in axing of seasons, and therefore an
inaccurate seasonality result.

The analysis of shell samples from the site of NgEISx-1) indicates
multiple seasons of shellfish collection, consisteith an interpretation of year-
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round habitation at this site. Other seasonalipsofor this site include large
numbers of herring, which are available in abundandate winter/early spring,
the presence of neonatal harbour seal, availab&earspring, and a consistent
emphasis on fishing a variety of salmon species;hwgpawn from late summer
through autumn (Cannon and Yang 2006). The mgstfsiant finding of the
current study is the clear emphasis on spring ahghan shellfish gathering at
Namu. The consistency of this pattern is confirmogdhe results for shells that
were analysed for both radiometric dating and stalilygen isotope analysis. An
emphasis on shellfish harvesting in the spring abbpcompensated for the
depletion of winter food stores. People could halied on shellfish as a readily
available protein source until other foods suchesing and salmon became
available. In autumn, people probably harvestedlfsh for the purpose of
drying and storing the meat for the winter, singeter is a time of relative food
scarcity.

These results indicate a much more complex patteseasonal site usage
than is implied in the traditional, ethnographigalerived model of the ‘seasonal
round’. The results of this technique have enahkad insights into settlement,
seasonality and resource procurement patterng aitdhof Namu on the Pacific
Northwest Coast. These and the results of fugheties will provide a basis for
region-wide understanding of the nature of seassetlement and subsistence

practices.
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CHAPTER 3

INTER-SITE VARIABILITY IN THE SEASON OF SHELLFISH
COLLECTION ON THE CENTRAL COAST OF BRITISH COLUMBIA

M. BURCHELL, A. CANNON, N. HALLMANN, H. P. SCHWARCZ
& B. R. SCHONE

2013Journal of Archaeological Scienc#:626-636
ABSTRACT

High-resolution stable oxygen isotope analysishefhivalveSaxidomus gigantea
from shell midden sites was applied to identify sseeal patterns of resource
procurement on the central coast of British Coluanianada. A total of 90
archaeological shells were examined from eightirdistsites spanning a 4,500-
year period. Combining micro-growth pattern analygth high-resolution stable
oxygen isotope sampling allows for a precise seasbncollection to be
determined in estuarine bivalves recovered frorhagological sites. The results
of the stable oxygen isotope analysis provide msignto seasonally structured
harvest ofS. giganteabutter clam), which is associated with differéypes of
sites. The results show a variety of patternduting multi-seasonal collection,
intensive seasonal harvesting and casual, supptamese of butter clams at
different locations.

Keywords: Seasonality; Pacific Northwest Coast; stablegexyisotopes;
shellfish harvesting; sclerochronology; shell midslie
INTRODUCTION

The investigation of seasonality has been theestibjf research on the
Pacific Northwest Coast for over thirty years. Ajor goal has been to examine
the timing of site occupation and to place sitethivia framework of a larger
seasonal-settlement system. Another aim has bef@rdtevidence for multi-

seasonal, permanent village settlements, or sedentMost seasonality studies
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have focused on the presence of an assumed ‘séasond’ (Ames, 1981),
which was based on the need to procure and prémedsn the late summer and
autumn to sustain village populations through tivgev months.

This pattern of residential mobility has been higayeneralized for most
of the North Pacific Coast and is influenced byeslations from the early
European contact era (Ford, 1989). After Europsantact, during the
ethnohistoric era, residential mobility was freqgilenoted (Barnett, 1938;
Mitchell, 1983; Mitchell and Donald, 1988), andsimodel of the ‘seasonal
round’ has permeated archaeological interpretaijbosd, 1989). Using
ethnography to understand long-term behaviouraépe, such as settlement or
shellfish gathering, does not account for change tne, nor does it permit
consideration of year-to-year variation on a seakscale (Jochim, 1991). For
example, Pomeroy (1980) coined the term ‘CentraeBlaSeasonally Mobile’
with regards to Bella Bella (Heiltsuk) settlemeattprns (1978:210) without the
analysis of any precise seasonality indicatorghdlgh a model of seasonal
movement between site locations is widely assuroethé Northwest Coast, no
archaeological studies have been of sufficientestatiocument any particular
model of seasonal movement in any region of thetcoa

Bivalves are ideal for seasonality studies siheg fare sensitive geo-

cultural archives that record the changes in sdaitemperature and salinity in
their shells, and stable oxygen isotope analyefne) provides a means to

interpret these seasonal changes. The applicatisimetl oxygen isotope studies
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has permitted the seasonal identification of siséll€ollection, and by proxy the
season of site occupation in a variety of geog@pbntexts (i.e., Andrus and
Crowe, 2000; Deith, 1986; Kennett and Voorhies,6t%8annino et al., 2003,
Mannino et al., 2007; Rick et al., 2006; Shackletdi3; Stephens et al., 2008).
Shell seasonality studies that employ high-resotuisotope sampling, as well as
calibration with modern specimens are also likelptoduce more accurate
seasonality results than studies that use growghdnalysis alone (Andrus, 2011).
This study incorporates data from a high-resolutigygen isotope and
sclerochronological alignment study of live-colkdtand archaeological shells
from the site of Namu (EISx-1) from Burchell et @012), and incorporates new
data from seven additional shell midden sites tn@re regional patterns of

butter clam collection over a period of more th&0@lyears.
Previous seasonality studies assumed that var&iit ®Ogne; are

principally driven by seasonal changes in the teatpee of seawater because of
the effect of isotopic fractionation between ardagwand water (Epstein et al.,
1953). A paper by Burchell et al. (2012), whiclaewned shells from the site of
Namu on the central coast of British Columbia, sbdwhat most of the variation
in '80qheis due to seasonal change$ifD of seawaters{?0s,), while
temperature has a negligible effects&dfOqe;, especially during seasonal periods
of freshwater influxes. This was demonstrated thhotine sclerochronological
(shell growth patterns) results of lunar daily gtilwncrement (LDGI) alignment

combined withs'®Og,e; data of live-collected specimens in which the ainu
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variation in8*®0gne was at least four times larger than could be autesLifor
based on observed seawater temperatures. Thésersbi’Os, are related to
influxes of stream-water from the melting snowhe tdjacent coast mountain
ranges and seasonal increases in precipitatiorselinduxes, which have more
negative oxygen isotope values than the water icwthe shell lived, occur
typically in the late spring and early summer, afsb coincide with the seasons
of higher seawater temperatures. This lack of defendence @&°Ogne0n
temperature is further emphasized by the factdhall growth in most locations
stops, or slows significantly during the coldestdiof the year (Hallmann et al.,
2011). In this paper, variation #°Ogneis used to reconstruct the season of
collection of shells while recognizing that theusinidal seasonal variation in
8'80¢nen Within shells was strongly influenced by variatior*®Osy,.
Shellfish and seasonality on the Northwest Coast

Cannon (1991, 1998) has argued that the site ofuN&as occupied year-
round by some residents of the local populatiod, that the economy was
dependent on the mass harvest and storage of sanparttern that remained
unchanged from the time of the earliest preseraaddl remains around 7000
years cal. BP (Cannon and Yang, 2006:126). Faenadins from this site include
neonatal harbour seal, which indicate presencendrthe peak of the pupping
season in mid-June, and herring, which are availablate winter/early spring,
and a range of salmon species, which spawn fronmarrthrough late autumn.

These indicators combined with the initial highalesion study of clam shells
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from the Namu site support the interpretation afry®und presence at this
settlement. However, the same range of seasadliabiors is not available from
the more limited site investigations that have baéeme at other locations in the
region.

The importance of shellfish as a resource on thithiwest Coast in both
the archaeological and historic time periods islgext of debate (Cannon et al.,
2008; Moss, 1993), and inferences concerning tasos®l patterns of their
procurement have relied heavily on the historiégqedocumentation. Based on
the ethnographic record, the Northern Coast Sdlighfor clams during the
winter when the tides were low at night (Kennedgt 8ouchard 1990:445).
Similarly, the Tsimshian in Prince Rupert Harboarvested shellfish during the
winter (Halpin and Seguin, 1990:271). In contrést, Nuu-chah-nulth on
Vancouver Island gathered shellfish in the spriagause of the scarcity of other
foods (Arima and Dewhirst, 1990:394). Shellfish evgathered throughout the
year by the Haida, especially winter (Blackman,@29). For the Haida, if there
was a poor salmon harvest, shellfish became maquertiant in the winter and
spring when other foods were scarce (Blackman, 19B@0wever, it should be
noted that the observations of seasonal resoucceiment made during the
ethnographic period are not necessarily represeatat the archaeological past,
nor do they take into account the potential fomgeover time (Conneller, 2005;
Ford, 1989). A seasonality study at the Little {@usn River Wet Site on the

east coast of Vancouver Island (Bernick and Wid®90), which relied on the
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presence and absence of migrating faunas suggeéstettie site was more
continuously occupied than the reported patterretlfoiographic mobility
suggest. This may be the case for many other@itése Pacific Northwest
Coast, and can be further investigated using héglolution isotope sampling of
archaeological shells recovered from shell middens.
STUDY AREA
Sites used in study

The archaeological sites examined include thagdlsite of Namu (EISx-
1) and seven additional small to large shell midsiegs located on the central
coast of British Columbia within the traditionatrieory of the Heiltsuk First
Nation (Fig. 3.1). This region has been the fodusrchaeological investigation
for over 40 years, and researchers have appliadgerof excavation techniques
including traditional excavation (Carlson, 19799&9Hester and Nelson, 1978)
and a coring and augering program (Cannon 2000ahie)results of these
investigations have shown continuous occupatigheasite of Namu over a
period of 11,000 years (Carlson 1991, 1996). Galmresearch program has
provided additional insights into regional varialyiin subsistence and settlement
(Table 3.1), but there has been no systematic sitithe seasonality of

occupation at sites other than Namu.
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Table 3.1 —Classification of sites, radiocarbon dates andiemof shells

sampled for seasonality.

Earliest Date of Shell Midden Deposits

Seasonality Samples

Site Type Site
Years cal. BP # shells # oxygen isotope samples
Village EISx-1, Namu 6690-6400 22 509
EISx-3, Kisameet 2890-2720 12 204
EITb-1, Hurricane Island 2755-2360 10 150
EITb-10, McNaughton Island 2760-2355 6 63
Large residential site EISx-5 6730-6460 7 97
EISx-10 6265-5910 14 180
Small camp site EISx-4 2845-2620 7 134
ElTa-25, Hunter Island 4370-3975 12 199
90 1536

TOTAL

Pacific Ocean

Namu region

/127°56°

Figure 3.1— Map of central British Columbia showing sitegdi$n analysis.

78



Ph.D. Thesis — M. Burchell McMaster University — Anthropology

Shellfish research on the central coast of Brit&lumbia

Although Namu was occupied for close to 11,000 g,eshellfish remains
are only available for the last 7000 years (Caretaad., 2008). Absence of shell
in the earliest deposits could be due to a lesdiance on this resource and/or to
preservation. Stein (1992) argued that presemvagia major factor in
interpreting trends in shellfish harvest, with Ietell density in early deposits
attributable to the effects of groundwater leaching

The quantification and identification of shell reeoed from other sites in
the area has shown that a wide diversity of taxaWwarvested, including butter
clams, horse clams, cockles, whelks, urchins ancblctes. Additionally, there
are site-specific patterns in the abundance oéwfit species, suggesting a
pattern of local resource procurement (Cannon.e2@08). A study that
compared butter clams in mature phases of grovathr(ger) to those in a senile
stage of growth (older) demonstrated a patteresd Intensive harvest at longer-
term residential sites and a more intensive hamteshorter-term encampments
(Cannon and Burchell, 2009). This documented isitervariability in butter
clam collection strategies suggests that seasamaest patterns might also vary
between site locations.
MATERIALS AND METHODS
Saxidomus gigantea

S. gigantedbutter clam) precipitates an aragonitic shelf] ena

temperate marine species that burrows to a deptB@tm below the intertidal
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surface (Nickerson, 1977; Paul et al., 1976). s Hpiecies is ideal for high-
resolution seasonality studies since it is ondefrhost commonly recovered
bivalves in shell middens from the coast of Brit@blumbia and Alaska. To
determine seasonal patterns of butter clam catlecitotal of 90 individual
clamshells were sampled, including 20 shells fraimcBell et al. (2012), two
additional shells from Namu, and 68 shells fromeseother shell middens in the
immediate vicinity.

Analysis of lunar daily growth increments (LDGI)f&zilitate seasonality
analysis

Growth cycles can be recognizedSgigantedy counting LDGI, which
identifies the duration of the growing season, énedseasonal rate of shell
growth. To count and measure LDGI, polished strelés-sections were
immersed in Mutvei’'s solution following the methga®sented in Schone et al.,
(2005). The three main components of Mutvei’'s sofuaire alcian blue,
glutaraldehyde, and dilute acetic acid, which stamgously etch the shell
carbonate while preserving and staining parts eftfyanic matrix of the
biomineral dark blue (Schéne et,&@005). The organic-rich lines are clearly
visible since they are etch-resistant and appedadsblue ridges, whereas the
growth increments (the space between consecutoxgtigdines) are more
strongly etched and appear as a lighter shadeauef Bhis technique distinguishes
between lines that were formed in the winter, anlithes that had been formed as
a result of a growth cessation from freshwateux#ks in the spring, as well as
disturbance lines that can be caused by spawniadapon or rapid
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environmental change. Lunar daily growth incremeidths abruptly decrease

then slowly increase after a disturbance occursslowly decrease and then

slowly increase around the annual growth cess&Gtark, 1974). Calibration
studies using LDGI and®Ogne have been performed on live-collected specimens
of S.gigantedrom Pender Island in southern British Columbi&, Bundas

Islands in northern British Columbia and Alaskal{idann et al., 2009; 2011;
2012), as well as the central coast (Burchell e28i12). These studies are used to

align thed*®0ge values to specific seasons and to understanahtivence of

seasonal freshwater influxes &iOsnei to refine seasonality estimates from
estuarine bivalves.
High-resolution stable isotope sampling

A total of 1,563 discrete isotope samples, ineigd850 high-precision
micro-milled samples and 686 micro-drilled samplese obtained from cross-
sections of the 90 selected shells beginning dt shell’s ventral margin then
moving towards the umbo. Samples were taken framther shell layer. To
prepare shells for oxygen isotope analysis, a 3thick cross-section of each
specimen was cut perpendicular along the axis airmam growth from the
umbo to the ventral margin using a low-speed pi@tisaw (Buehler IsoMet
1000) with a 0.4 mm thick diamond-coated waferiteglb. The cut shell slices
were mounted with metal epoxy resin on glass sligesind on glass plates with

800 and 100@m SiC grit powder and polished withuin Al,O; colloidal
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solution. After each grinding and polishing stéye shells were cleaned via
ultrasonic bath and air-dried.

Shell aragonite powder was obtained by hand migitbRg at the ventral
margin, followed by micro-drilling. Micro-millingllows for an uninterrupted
record to be obtained from the shell’'s growth higand minimizes the effects of
time-averaging, which is the mixing of differenti intervals/seasons of shell
growth (Goodwin et al., 2004). Micro-milling begahthe ventral margin and
moved in ~10Qum consecutive steps that contoured the micro-grdwés using
a 1 mm diamond coated cylindrical drill bit (Kon@ébr. Brasseler GmbH & Co.
KG model no. 835 104 010). The faster growingipog of the shell were micro-

drilled using a 30@um conical drill bit (model no. H52 104 003) (Fig2R

drillin
il ¢}

Figure 3.2 — Sampling techniques to obtain carbonate powatestible oxygen
isotope analysis. Samples were micro-milled diyest the ventral margin and
moved in ~10Qum steps that contoured the micro-growth lines.eAfihe
ventral margin was milled, the faster growing par8 of the shell were micro-
drilled using a 30@um conical drill. The centre-to-centre distance ke drill
points varied between 400 and G08.
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The centre-to-centre distance between drill poratsed between 400 and 600
um. Since shell samples varied in both the sizéefitagment as well as
ontogenetic age, each polished shell was evaluatédr 40 X magnification to
observe micro-growth structures, and a specificpdiaugn strategy combining
micro-milling and micro-drilling was selected tdah the highest possible
seasonality resolution. In each shell fragmeatym®d, micro-drilling, micro-
milling or a combination of both techniques waseexted to attempt to gain one
year or more of shell growth history.

The majority of shells analysed were in a mattages of growth, but the
ontogenetically older shells had more samples thalethe ventral margin than
younger shells. This strategy was put in placeesthe rate of shell growth slows
considerably with age and therefore more timepsagented within each shell
portion. Using high-resolution milling, it is pob# to obtain a reliable measure
of seasonality from senile shells, even thougtr thewth lines are more tightly
spaced and, consequently, the growth incrementsaarewer than in
ontogenetically younger specimens. Since sheN®umger stages of growth
were preferred, they constitute the majority ofshenples (n = 75/90). However,
at some sites, it was necessary to sample semills i order to cover the
temporal span of the midden (EISx-1 n = 7/22; ERSx= 1/12; EISx-5 = 1/7,
EISx-10 n = 5/14).

Isotope samples were processed in a Thermo Fimiufel 253

continuous flow — isotope ratio mass spectrometapled to a GasBench Il. The
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380 values were calibrated against NBS-3%Q = -2.20%0) with a & external
reproducibility (= accuracy) of £0.07%o, and an mni& precision of 0.07%.. The
5 0qeivalues are expressed relative to the internatigR&B (Vienna Pee Dee
Belemnite) standard and are given as per mil (Béable carbon isotope values
(5*3C) were also recorded but will not be discussetiimpaper.

Sample selection

To obtain a representative temporal and spatiapg shells were
strategically selected from different depths, lawa and time periods from each
shell midden site. Figure 3.3 shows a map of ElTds an example of how shells
were selected spatially and temporally based onléipeh and horizontal

distribution of the auger samples. The majoritglélls (n = 55) used f@'°0

analysis were collected with a 7 cm diameter buakeger, a sampling strategy
that was originally intended to collect sampleassess variability in the salmon
and herring fisheries (Cannon, 2000a). This me#isd allowed for the
collection of shell fragments with preservatioraafintact ventral margin.
Additional whole butter clam valves (n = 15) frorfsk-1 were obtained from the
level bag samples from the 1977-1978 field sch&o&aeations conducted by
Simon Fraser University (SFU) (Carlson, 1991). é@dtomplete valves (n = 13)
were obtained from eroded sections of the middesges ElTa-25 and EISx-10.
Shells (n = 6) from the village site of EITb-10 webtained from the SFU

archived collections from the 1970 excavation$atdite (Pomeroy, 1980).
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Figure 3.3— Map of EITb-1 showing locations of shells sandffi@ seasonality
relative to its position in the site and auger.

Shells analysed fa¥'%0 were selected based on the following criteria: th

preservation of an intact ventral margin and aadntpper shell layer; absence of
exposure to fire, which can cause a polymorphiasiteon of shell CaC@®from
aragonite to calcite; and the size of the shelllsfagment, which had to be large
enough to observe the seasonal amplitude. The ahirggr of the shells that were
submitted for radiocarbon dating was tested by Kdiffraction (XRD) and the
results confirmed that no diagenetic changes hadroed (Kingston, 2007).
Radiometric dating

Accelerator Mass Spectrometry (AMS) dates weraiabt from 11 shells
that were sampled for seasonality. For each smagithe periostracum and the
outermost 10@um of shell carbonate was physically removed, artavéen 70

and 180 mg of shell carbonate per shell were subdiior AMS dating.
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Radiometric age analysis was performed at Betaydindhc. (United States) and
the Pozna Radiocarbon Laboratory (Poland). Conventionalo@albon ages
were converted to calibraté@Cavs ages by the program Calib 6.0 (Stuiver and
Reimer, 1993) using the Marine09 calibration ddtéReimer et al., 2009). The
average local’C marine reservoir effectR) for the study region is 390 +50
years (Cannon et al., 1999). All dates presemtehis paper were calibrated to 2-
sigma and are presented in years BP.

Interpreting shell seasonality usi®d®Osnerand micro-growth lines

The'®0snerdata were plotted against the distance to the alemtargin in
millimeters (mm), with5'®Ognei0n the y-axis, and the data were inverted to put
the more negative isotope values, typically assediwith warmer seasons, at the
top of the curve. Where the sequence of data uféisisntly long, a sinusoidal
pattern was observed that showed multiple seas@rsagoeriod of years in
several cases. The average amplitude betweenakienoim and minimum value
of 6% 0shenis approximately 4%o. If this were entirely duestasonal changes in
water temperature of constant isotopic composiitompuld correspond to a
winter to summer difference in seawater temperattiraore than 17°C using any
of the common palaeotemperature equations sudioas by Grossman and Ku
(1986), or Bohm et al. (2000). However, the actifiérence in seawater
temperature is approximately 7°C (Environment Cand@06), which confirms

that most of the variation i&lgoshe”on the central coast of British Columbia is
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due to variation i*°0 of seawater caused by an admixture of snow melemw
and precipitation (Burchell et al., 2012).

The cyclical variation it3**Osne can be used to determine the season of
collection, since the time of maximum fresh-watdhience occurs seasonally
during the late spring. The time of depositiorsloéll material with the most
negative3®Oqney values is interpreted as “summer” while the tirhenost
positived*®Ognervalues is interpreted as “winter”. The flanks lné sinusoidal
pattern where the curve is either decreasing seasing most steeply as a
function of distance from the ventral margin représautumn and spring,
respectively. However, the absolute minimum iseobsd during the spring, but
only during the temporary periods of melt-watefurés, and this is confirmed by
aligning thes'®Ogneito the LDGI. This model of the sinusoidal curveised to
establish seasonality, depending on 1308se varies with distance from the
ventral margin, and with this, four possible casesobserved: (1). If there is a
complete sinusoidal curve, the season is establishsed on position of the
ventral margin with respect to the curve. (2thHre is little or no variation in
3'®0sheithe season of collection is assigned based oaliselute magnitude of
8" 0shenr For winter collectiond*®Ogheyis close to the maximum value of the sine
curve for the site (typically ~ 0%0). For summetiection, 5'°Ogneris near the
minimum value for the site (average = -4%0). Whiettelor no variation was
observed it was likely an effect of too few sampbdsen, sampling a young shell

with rapid growth, or a combination of the two farst (3). If the3™®Ogpey
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becomes more positive with distance from the véntiexgin it indicates autumn
collection. (4). If thes*®Ospney decreases with distance from the ventral marbis, t
indicates spring collection. In addition, we engtaued some anomalous samples
(n = 16) for which contradictory data were obsepngkcifically when values
were more negative than observed for summer. deetlsamples, the LDGI were
used to identify the duration of the growth peréoti, together with th&Ogpey
data, to assign a season of collection.
RESULTS
Modern and archaeological shells

The results from the live-collected shells showsisoidal curve with the
most positive isotope values in the winter andrttost negative associated with
spring freshwater influxes and summer temperat{Baschell et al., 2012). The
results of the live-collected shells are used améel to interpret the sinusoidal
curves of the archaeological shells (Fig. 3.4)e Th shells selected for
radiocarbon dating also had between one and fiaesyaf growth sampled, with
the exception of one shell that had eight yearsp$esn There were 39
archaeological shells that had less than one yegmowth analysed, and the
remainder of archaeological shells had betweerfudhgear to 4.5 years
analysed. Since 79% of the archaeological sheli§yaed recorded one or more
complete years of growth, it is possible to obséinecamplitude of variation at
each site, and therefore accurately identify thgtmm of the ventral margin in

this sequence using the criteria discussed abdkie.maximum amplitude of
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variation ind*®0gpeyvaries slightly between each site, depending onrtaeimum
amount of snow-melt-derived freshwater that wasimgixvith seawater at that

site. The live-collected shell had&Oshei range from -0.60%o to -5.56%o, with a

ventral margin value of -4.63%. and amplitude of6%Q

Live Collected Shell August 11, 2009
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Figure 3.4— Isotope profiles showing shellfish collectionfaur different
seasons. A). The live- collected shell (AugusD@¥fom Burchell et al. 2012) is
used as an analogue to interpret the profileseoftichaeological data.
Archaeological shells show different seasons dectibn B). spring, C). autumn,
and D). winter.

The most negativd*®Ospnevalue (-5.56%0) is associated with a spring freskewat

influx to the site of the live-collected specimerhich indicates that this shell had
grown in seawater containing a significant compoméisnow melt-water. The
maximum amplitude for each site ranges from 2.0.88o. (Table 3.2), excluding

one sample from the site EISx-5, (amplitude = 5.2%d)e site with the lowest
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amplitude (2%o) and therefore with smallest impdcreow melt-water, is EITb-

10 located on an island farthest from the mainkeoabst of all sites used in this

study.

Table 3.2- Maximum amplitudes (%o) and maximuitfOsne; for sites

Maximum
Site Amplitude Max §*°0 Average Max
EISx-1 4.3 0.5 -0.56 £ 0.83
EISx-10 3.4 -0.06 -0.52 + 0.45
EISx-3 3.6 -0.27 -0.93 £+ 0.53
EISx-4 3.5 0.04 -1.45+1.14
EISx-5 3.09 -0.14 -0.48 +0.35
ElTa-25 3.8 -0.2 -1.16 £ 0.49
ElTbh-1 3.4 0.03 -0.35 + 0.66
ElTb-10 2 0.42 -0.39 £ 0.49
*Average max of island sites 0.08 +0.25
Average max of mainland sii -0.09 £0.33

The maximund*®0g,eivalues for each site, representing winter-deposited

shell material, range from -0.61%o to 0.50%0. Thie&tfof temperature on

8'0qneiis greater during the winter since there would Haeen relatively less

variation attributable to mixing of glacial or snomelt-water during that season.

This is further confirmed by the lack of a signéit difference in maximum

values ofd*®0gneibetween the mainland coast sites (-0.09 + 0.33%?)tlaa island

sites (0.08 £ 0.25%o).
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Seasons of butter clam harvesting
Based on the interpretation of th&Ogne data, there is a regional

emphasis on butter clam collection in the autunthspring. The results show
38% of shells were collected in the autumn, 34%espring, and 23% in winter
(Fig. 3.5). It does not appear that butter clanvésting was as important in the
summer months, since only 4% of shells were catkat this season and are
only observed at two sites, EISx-1 and ElTa-25.

Figure 3.5— Seasonality of shellfish collection by site.
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The dates of shells analysed for seasonality ailNange from 4630-
4330 cal. yr. BP to 1740-1410 cal. yr. BP. Thdlsieom ElTa-25 are closer in

age range, 1300-1060 cal. yr. BP to 950-670 caBRr(Tables 3.3 and 3.4).
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Although only 11 of the 90 shells were directlyicarbon dated, of the shells

that were dated, all four seasons are representtta strong focus on spring and

autumn harvest, further emphasizing the long-tenpoirtance of butter clam

harvesting during those seasons within this region.

Table 3.3 —Shell samples and seasonality results by site

Ventr_al # of years Ventr.al # of years
#8'%0 Margin sampled #8% Mmargin sampled
Site D Milled Drilled sample: 8*0%. Season (approx.) Site D Milled Drilled _sample: $"%0%. Season (approx.)
EISx-1 EISx-1-1 15 42 57 -3.0¢ Summe 8 EISx-1C EISx-10-1 8 o] 8 -1.9¢  Autumr >1
EISx-1-Z 14 10 24 -4.0¢  Autumr >1 EISx-10-2 7 8 15 -1.1£  Sprinc 1
EISx-1-2 4 10 14 -2.15  Spring >1 EISx-10-% 7 4 11 -1.58  Autumr 1.t
EISx-1-¢ 8 38 4€ -1.65  Sprinc 4 EISx-10-« 5 6 11 -0.06  Winter 2
EISx-1-£ 15 29 44 -2.7¢  Autumr 5 EISx-10-£ 11 4 15 -2.02  Sprinc >1
EISx-1-€ 10 7 17 -1.1&€  Spring >1 EISx-10-€ 5 5 10 -1.64  Autumr 1
EISx-1-7 16 5 21 -3.5¢  Autumr >1 EISx-10-1 6 9 15 -2.05  Autumr 1.t
EISx-1-¢ 8 11 18 -0.6¢  Winter 3 EISx-10-¢ 3 7 10 -0.1z2  Winter 1
EISx-1-¢ 10 5 18 -1.5¢  Autumr >1 EISx-10-¢ 1C 3 13 -1.91 Autumr 2
EISx-1-1( 5 15 2C -2.28  Spring 3.t EISx-10-1( 7 5 12 -2.72  Spring >1
EISx-1-12 10 13 23 -1.06  Sprinc 2L EISx-10-1: 18 0 15 -1.7¢  Autumr 1.t
EISx-1-12 15 8 23 -2.07  Sprinc 1 EISx-10-1¢ 1C 9 19 -1.7€  Sprinc 4
EISx-1-1% 9 41 5C -2.41 Summe 5.t EISx-10-1% 7 4 11 -2.0z  Autumr >1
EISx-1-1« 11 7 18 -1.7¢€  Autumr 2.t EISx-10-1« 11 4 15 -1.27  Winter 3
EISx-1-1¢ 6 6 12 -1.6€  Autumr 2L
EISx-1-1¢ 13 0 13 -3.07  Sprinc >1 ElTa-25 ElTa-25-: 0 9 9 -3.22  Sprinc >1
EISx-1-17 12 0 12 -0.7¢  Autumr >1 ElTa-25- 13 2 15 -1.91 Autumr >1
EISx-1-1¢ 10 0 1c -0.2¢  Winter >1 ElTa-25-: 9 4 13 -3.17 Summe 1
EISx-1-1¢ 10 0 1C -0.5¢  Winter >1 ElTa-25- 5 1C 15 -3.4¢  Autumr 3.t
EISx-1-2C 10 0 1c -2.7z2 Summe >1 ElTa-25-t 9 6 15 -2.9¢8  Autumr 1t
EISx-1-22 12 17 28 -0.2¢€  Winter 2 ElTa-25-¢ 12 4 16 -1.9€  Sprinc >1
EISx-1-2: 10 12 22 -0.4:  Winter 3 ElTa-25-1 1C 0 10 -0.2  Winter >1
ElTa-25-¢ 9 21 30 -2.6z  Autumr 4.t
EISx-3 EISx3-1 11 4 18 -3.0¢  Sprinc >1 ElTa-25-¢ 8 34 42 -4.35  Autumr 4.t
EISx3-2 12 8 2C -2.5¢  Spring 3 ElTa-21-1( 6 0 6 -1.41  Autumr >1
EISx3-2 10 5 18 -2.4¢  Spring >1 ElTa-25-1: 1C 8 18 -0.82  Winter 2
EISx3-£ 17 15 32 -1.0¢  Autumr 3 ElTa-21-1: 1c 0 10 -1.45  Autumr >1
EISx3-£ 11 4 18 -3.7€  Spring 1.t
EISx3-€ 10 5 15 -2.0¢  Sprinc >1
EISx3-7 19 3 22 -2.15 Autumr 1 ElTb-1 EITb-1-1 5 13 18 -0.44  Winter 1.t
EISx3-¢ 11 4 18 -0.9t  Winter >1 ElTb-1-Z 7 5 12 -0.5€  Winter >1
EISx3-¢ 5 5 1C -2.91  Spring 1. ElTb-1-Z 6 7 13 -0.6z  Winter 2
EISx3-1( 10 5 18 -1.6€  Sprinc 1.t ElTb-1-4 1c 7 17 -0.91 Winter 2
EISx3-11 10 5 18 -3.0€  Autumr >1 ElTb-1-£ 5 18 20 -1.6z  Sprinc 3
EISx3-1Z 10 5 18 -2.57  Spring 3 ElTb-1-€ 12 8 20 -0.62  Winter 2
ElTb-1-7 1C 1C 20 -0.z  Sprinc 1t
EISx-4 EISx-4-1 7 8 18 -1.4¢  Autumr 2 ElTb-1-€ 1€ 4 20 -0.32  Winter >1
EISx-4-2 10 10 2C -2.1¢  Autumr 2L ElTb-1-¢ 4 6 10 -1.68  Sprinc >1
EISx-4-% 14 6 2C -2.2  Autumr 2
EISx-4-¢ 15 9 24 -3.22  Spring >1 ElTb-10 EITb-10-1 1C 0 10 -1.8¢  Autumr >1
EISx-4-£ 8 13 21 -2.0¢  Spring 3 ElTb-10-Z 12 0 12 -1.87 Autumr >1
EISx-4-€ 9 10 18 -0.4¢  Spring 3 ElTb-10-2 11 0 11 -1.1&  Sprinc >1
EIS-4-7 11 4 18 -1.5€  Autumr 1.t ElTb-10-£ 1C 0 10 -0.07  Winter >1
ElTb-10-£ 1c 0 10 0.3¢  Winter >1
EISx-E EISx-5-1 10 10 2C -0.52  Winter 2 ElTb-10-€ 1c 0 10 -2.2z  Spring >1
EISx-5-2 12 4 1€ -0.6z  Winter >1
EISx-5-% 6 6 12 -3.1  Sprinc 1.t
EISx-5-¢ 7 5 12 -2.5¢  Autumr 1.t
EISx-5-£ 8 7 18 -2.7¢  Spring 1.t
EISx-5-€ 7 8 18 -1.22  Autumr >1
EISx-5-1 6 1 7 -1.7€  Autumr >1
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Table 3.4 —Radiocarbon dates for shells analysed for seasgnali

Conventional

Calibrated date

Site Sample Season 14C age Lab ID (2-sigma)
EISx-1 EISx-1-13 Summer 2410 +35BP Poz-30565 cal AD 210-540
EISx-1 EISx-1-2  Autumn 2425 + 35 BP Poz-33565 cal AD 180-510
EISx-1 EISx-1-15  Autumn 3260 + 30 BP Beta-297419 cal 790-520 BC
EISx-1 EISx-1-4 Spring 3695 + 35 BP Poz-30564 cal 1370-1020 BC
EISx-1 EISx-1-7  Autumn 3750 + 30 BP Beta-297421 cal 1420-1110 BC
EISx-1 EISx-1-1  Summer 3860 + 40 BP Poz-33578 cal 810-480 BC
EISx-1 EISx-1-9  Autumn 4630 +40 BP Beta-297420 cal 2560-2200 BC
EISx-1 EISx-1-22  Winter 4730 + 30 BP Beta-317860 cal 2680-2380 BC
ElTa-25 EITa-25-7 Autumn 1670 + 50 BP Poz-30567 cal AD 1000-1270
ElTa-25 EITa-25-8 Autumn 1760 + 30 BP Poz-30566 cal AD 900-1180
ElTa-25 EITa-25-7  Spring 2030 + 30 BP Beta-297422 cal AD 650-890

Growth lines and stable oxygen isotopes

Growth structures that appear as darker linesarshell, commonly
referred to as ‘winter lines’, do not exclusivetyrh during that particular season
(Gillikin et al., 2005; Hallmann et al., 2009). & analysis of modern shells from
Namu (EISx-1) showed that butter clams also depiogi$ in the spring as a result
of growth cessation due to freshwater influx, amd is observed at other sites on

the mainland coast. Figure 3.6 depicts an arcbgel shell from site EISx-3
with the shell’s micro-growth structure aligned i'®Ognei values. The most
negatived'®Ogneivalue (-4.56%o) is during a period of spring freskevanflux
and not the summer in this particular specimenly Oy reference to the timing
defined by the micro-growth structures can thequedf lowest*#0ge1be

aligned to the spring and not to the summer. Asdhearlier, the higher seawater
temperatures experienced in the summer would halyeacslight moderating

effect on the overall isotopic profile, which isvalys dominated by the seasonally
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varying inputs of 1owd* Oy eshwateto the coastal seawater.

7 6 5 4 3 2 1 0
Distance to ventral margin (mm)

Figure 3.6— Alignment of growth lines and stable oxygenapat data for sample
EISx-3-2. The squares represent milled samptesdalled samples are
rectangles. Lines in the shell correspond to blm¢hmost positive and negative
stable oxygen isotope values. This is because thex cessation of growth in the
winter and again in the spring during periods eShwater influxes.
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DISCUSSION
Site-specific seasonality patterns

The results of the high-resolution seasonalityyaimbased on stable
oxygen isotope data indicate year-round collectibbutter clams on the central
coast, with season-specific patterns of collecibsome sites. At the village site
of Namu (EISx-1), the analysis indicates multi-sgasollection throughout the
past 4500 years, consistent with year-round occupathere is a clear emphasis
on spring and autumn gathering at Namu. More sit@nharvest in the autumn
may have been for the purpose of drying for stoegkuse through the winter.
Butter clams may have been harvested in the spoisgpplement depleted stocks
of stored foods, and to serve as a source of faeshwhen other sources were in
shorter supply. People could have relied on dkklHs a readily available protein
source until other foods, such as herring, becaragable.

The village site of Kisameet (EISx-3) has a patt@rseasonal collection
similar to Namu. Butter clams were collected dgnnultiple seasons with an
emphasis on spring and autumn. Like Namu, Kisasteas an areal extent and
a density and diversity of fish remains consisteith its use as a winter village
site (Cannon, 2002), and the shell seasonality afataonsistent with this
interpretation. The McNaughton Island site (EIT®);lhas a seasonality profile
similar to the village sites at Namu and Kisambat,the smaller sample size in
this case (n = 6) does not provide a basis foriimig any particular seasonal

emphasis. The village site on Hurricane Island@bEl, has previously been
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described as a spring/summer village with the emighan spring based on the
presence of very high densities of herring (Can2002). The results show that
butter clams were exclusively collected in the eirdand the spring, confirming
its likely seasonal occupation. The evidence foemphasis on winter/spring
harvest at this location is consistent acrossiteeasd at multiple depths of
deposits (see Fig. 3.2).

EISx-10 is another major residential site, with tiaskasonal collection of
butter clams, but the pattern of seasonality difidightly from that of Namu and
Kisameet. At EISx-10, there is an emphasis on hatbbmn and spring collection
but also evidence for winter collection, and ndexlon during the summer.
Again, this seasonal distribution implies occupad the site through the winter.
This pattern of seasonality and the density andrdity of fish remains at EISx-
10 is similar to those of the residential site 8)&5. Based on the evidence,
EISx-10 and EISx-5 demonstrate multi-seasonal Isaremd a moderately high
level of consumption and deposition of salmon aaihg. These patterns are
broadly comparable to those observed at the medtsenal villages at Namu and
Kisameet, but the density of fish remains is mushdr at EISx-5 and EISx-10,
which suggest less intensive or more intermittecupation. It is possible these
sites were occupied year-round, almost year-roandn a periodic basis as the
result of historically contingent circumstances @ not yet clear.

The campsite at EISx-4 also demonstrates a diffex@asonal pattern of

butter clam collection. This is a small site, esally compared to other sites in
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the region, and it has a low density of fish reragimhich is an indicator of short-
term, more ephemeral occupations. There is a el®phasis on spring and
autumn harvest, but there is no evidence for anycpigar or consistent pattern of
site use, only that on some occasions it was ttegtitan of butter clam harvest in
the spring and in the autumn. It is possible thist bocation was occasionally a
place for supplemental food gathering by residéots the nearby and more
substantial residential site of EISx-5.

The shell midden on Hunter Island, ElTa-25 hasbéentified as a non-
residential site based on its small size, andxtiemely low density of fish
remains compared to other sites in the area (Car2@@2). It has been proposed
that this was a site specifically used for inteashellfish gathering, at least
during some period of its occupation, since there large intertidal zone that
surrounds the midden. The shells harvested frasrstte are younger in
ontogenetic age when compared to shells collectad ¥illage sites, which
implies a pattern of more intensive collectionhas tocation (Cannon and
Burchell, 2009). Based on its location, the dgnsitshells in the midden
deposits, and the lack of fish or other faunal res\eEITa-25 was characterized
as a site for the seasonally intensive harveslaohg, but the seasonality results
show its use through multiple seasons. It seerlisalythat this is evidence of
continuous, multi-seasonal occupation, but it @ises not indicate a pattern of
prescribed seasonal use. The site was in usedoe than 4000 years, but dates

from shells suggest that intensive clam harvest ngaye been restricted to a
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relatively short period of time of no more than 6@ars, beginning around 1300
cal. BP. Although there is evidence for year-roaoliection here, there is a
stronger emphasis on autumn collection, which sstggeeople may have mainly
used the site to harvest clams for drying, stoegkconsumption in the winter
months at residential village sites.
Precision and error of seasonality estimates fratuarine bivalves

Several studies have used bivalves to determemosality on the Pacific
Northwest Coast using growth lines and incremanthellfish (e.g., Clarke and
Clarke, 1980; Coupland et 41993; Crockford and Wiggen, 1991; Ham and
Irvine, 1975; Keen, 1979; Maxwell, 2003; May, 198%venson, 1977). This
approach to determining the season of shellfiskidsding is based on the
assumptions that mollusks deposit Ca@®@en they are submerged in water
during high-tide, grow more rapidly in the sumnsow down, and eventually
stop growing in the winter to form an annual lieeg(, Rhoads and Pannella,
1970). In most specimens from the Pacific Northv@sast, major growth lines
form in the winter. However, shell growth ratee aariable across time and
space, which can make ‘winter growth’ lines indhigtiishable from lines
deposited by stress, changes in temperature,tyadiniood (Hallmann et al.,
2009). Relying on ‘winter growth’ line analysisdetermine seasonality does not
consider regional variability in shell growth ratasthe decrease in shell growth
rates through ontogeny (Schone, 2008), and in speeimens multiple ‘winter

growth lines’ are observed in a single year (Gifligt al., 2005).
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A study of shell seasonally visualizing the forioatof ‘winter lines’ on
shells from Namu by Stevenson (1977) showed tlaamsiwere collected year
round. However, the results were ambiguous, ud@signations that spanned
two seasons, such as spring/summer. Other sdégaiizdies of shellfish on the
Pacific Northwest Coast have also produced ambiguesults (e.g., Maxwell
2003). With high-resolution isotope sampling conglal with growth line
analysis, it is possible to refine the analysia gpecific season with a higher
degree of confidence.

When sampling shells for archaeological seasonatitygd*?0, the

number of shell samples, and the number of santpkesn per shell should be
considered prior to analysis. A balance betwebnsbnumbers of shells but also
sufficient isotope data is ideal. Mannino et a0@3) proposed taking three
samples at the ventral margin. However, an isdlatelysis of the most recent
growth in a shell is inadequate as a proxy for @ealstemperature variation
(Andrus and Crowe, 2000), and it does not accaumgdriation in local
environments over time (Bailey et al., 1983). Tiuenber of samples required to
precisely determine seasonality is contingent erotitogenetic age of the
bivalve. It is difficult to predict or standardiiee number of discrete samples
from archaeological shells in a multi-site studycsi the growth history of each
shell is unique to its age, locality, and time. t&@enetically older shells require
higher sampling resolution (milling), since momadi is represented in each

discrete sample because of the slowing of sheltjras it ages. Younger shells
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can have fewer samples milled directly at the \&mivargin, followed by
microdrilling.
CONCLUSIONS

The combination sclerochronology and high-resolustable oxygen
isotope records of the ventral margin of shell fin@gts has permitted the
determination of the season of butter clam colbegtand by proxy, the season of
occupation over a 4,500 year period on the centrast of British Columbia. The
majority of the shells display a sinusoidal isotogignal, which is influenced by
both temperature and salinity, which is largely tbgult of seasonal influxes of

low §'0 melt-water from the adjacent coastal mountaigeariThe results show

that it is possible to establish seasonality usmmparatively small shell
fragments recovered from auger samples, greatlgiredipg the applicability of
these methods.

The archaeological implications show a multi-seas pattern of butter
clam harvest, with an emphasis on spring and aut@prng would be the time
when stored food was running out, and autumn wasittie of clam harvest for
storage and winter consumption. Less intensivedsarof shellfish would be
expected in the summer months because of the gtbagat of paralytic shellfish
poisoning (Quayle and Bourne, 1972); but summevrdsris evident at some
sites, though absent at others. There is alsasistent pattern of clam harvest in
the winter suggesting this was a food source h&ddbroughout the year. The

smaller sites do not show patterns expected fréonnaalized seasonal round. It
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is more likely that they were periodically useddmyall groups of people on a less
frequent basis than the larger residential sites.

These results indicate a much more complex patteseasonal site usage
than is implied in the traditional, ethnographigalerived model of the ‘seasonal
round’. A model of a ‘seasonal round’ assumestitaenvironment, resources,
and historical circumstances were stable throughmstiory. It does not take into
account any variability due to factors such as remvnental stability, fluctuations
in resource availability, and human agency (cdchim, 1991). Additionally,
site-specific patterns of butter clam collectiortlier refine our understanding of
local strategies for food procurement of shellfisbources. It also supports
interpretations of early sedentary village occugratn this part of the coast
(Cannon and Yang, 2006).

This study has demonstrated that a relatively lssaahple size and a
highly precise technique can produce meaningfullt®$o interpret seasonal
patterns. The results of this technique have torird new insights into
settlement, seasonality and resource procuremetiteoiRacific Northwest Coast.
Patterns of seasonal activities across the mileeare beginning to emerge, but
those patterns are more complex and more spegifiarticular times and places
than has been assumed based on a simpler genegralixke| of sedentary winter
villages and a seasonal round of a task group memtnbetween remote

resource procurement locations. Based on thetsesiuthe seasonality analysis
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similar patterns of variability are likely to beuiod in other regions of the
Northwest Coast.
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CHAPTER 4

SEASONALITY AND INTENSTIY OF SHELLFISH HARVESTING O N
THE NORTH COAST OF BRITISH COLUMBIA

MEGHAN BURCHELL, NADINE HALLMANN, ANDREW MARTINDALE,
AUBREY CANNON& BERND R. SCHONE

In Press.The Journal of Island and Coastal Archaeology

ABSTRACT

Biochemical and growth increment analyses showrastihg seasonal patterns of
butter clam collection and rates of harvest intgnisetween archaeological shell
midden sites from the Dundas Islands archipelagb the mainland coast in
Prince Rupert Harbour, in northern British Columbf@rowth increment analysis
shows more intensive clam harvest in the Dundamnds in comparison to the
residential sites in Prince Rupert Harbour. Stabiggen isotope analysis shows
multi-seasonal collection of clams in the Dunddands and a more seasonally
specific emphasis in Prince Rupert Harbour. Comparof these results to those
of similar studies in the Namu region on the cdntast of British Columbia
provides a basis for broader regional understandihgariation in shellfish
harvesting intensity and seasonality on the Pabiichwest Coast.

Keywords: Seasonality, subsistence, settlement, stablepecdmalysis, Pacific
Northwest Coast, multi-site/multi-regional analysis

1. INTRODUCTION

Interpreting seasonal settlement patterns and sebsee in the northern
Northwest Coast region has remained a challengerétraeologists. There has
been some recent emphasis on variation in regfatahg economies (Brewster
and Martindale 2011; Coupland et al. 2010), bug Emsideration has been given
to the influence of environmental and historicatemstances that shaped local
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variation in shellfish use between locations arttlesaent types. Shellfish provide
a valuable geo-cultural archive to examine pattefrigrvest pressure as well as
the season of collection, and by proxy, the sea$aite occupation. By
employing shell growth increment analysis to deteamelative rates of harvest

pressure (Cannon and Burchell 2009), and stablgesxisotope analysis
(8"04hen) to interpret a precise season of collection (Balicet al. 2012, 2013) it

is possible to develop a more comprehensive amdgiiained understanding of
how shellfish were integrated into local subsiséep@actices than would be
possible through previous approaches. This stuthpaoes seasonality and butter
clam harvesting from a wide range of sites, froffedent environmental settings,
specifically comparing sites from the Dundas Isktalthe mainland coast in
Prince Rupert Harbor in northern British Columi@anada (Fig.4.1). This
comparison allows for the identification of regibpatterns of shellfish use from
two different environmental settings, which likehfluenced how and why
shellfish were gathered. Further comparison ofdiselts from the northern coast
to studies from the central coast allows for a devainderstanding of regional
settlement and subsistence, with a specific focuthe role of shellfish.

While the north coast of British Columbia has b#ensubject of
archaeological investigation for several decadesniythrough single-site
excavations (i.e., Ames 2005; Coupland e2@00, 2003; MacDonald and Inglis

1981), only in recent years has the explicit foolusesearch shifted to regional,
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Figure 4.1— Regional map of the north coast of British Cdhismshowing the

locations of the Dundas Islands Group and PringaeRWHarbour.

multi-site investigations (Brewster and Martinda@11; Coupland 2010;
Martindale et al. 2009; McLaren et al. 2011). Thessearch programs have
provided critical insight on variability in regiohfésshing economies, but variation
in shellfish harvesting has been less well docusterBeneral descriptions
suggest northern Northwest Coast subsistence wasyparly focused on
fisheries (Ames and Maschner 1999; Matson 1992) MAss has pointed out
there is a lack of attention to shellfish consumptand harvesting patterns in

general descriptions of Northwest Coast subsist@doss 1993; Moss and

Erlandson 2010).
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1.1 Study area and subsistence practices

Located in the traditional territory of the Coasifishian, the Dundas
Islands Group and Prince Rupert Harbour provideigue landscape to assess
variability in resource procurement and seasondlitye Dundas Islands are
located 14 km west of Prince Rupert Harbour anccaneposed of five main
islands and multiple smaller islets (Martindal@let2009). In some parts of the
island archipelago it is possible during low tideatalk through the intertidal
zones to shell midden sites located on the difteasdats. Occupation at the
Dundas Islands dates back as far as 10,000 yearsiiifale 2010; McLaren et
al. 2011). It has been described as a marginaures area (Ames 1998) because
it is relatively isolated from the mainland coastese the major rivers that
supported regional fishing economies are locatbdll $hiddens from the Dundas
Islands used in this study exhibit variability imape, size and depth with a
temporal span from 6900 to 1800 years cal. BP (htaiin et al. 2012). In contrast
to sites in Prince Rupert Harbor, sites in the asidlands Group are
characterized by a low density of fish, particylazalmon (Brewster and
Martindale 2011).

The Prince Rupert Harbour sites examined in thidysinclude the shell
midden sites of McNichol Creek (GcTo-6), TremayreyBGbTo-46), GbTo-77
and Ridley Island (GbTn-19), which date from appmately 3380 to 1890 years
cal. BP (Patton 2010). The full range of shell neiddite types on the northern

coast remains untested, however, with the excepfiétidley Island all the
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Prince Rupert Harbour sites examined in this shalye been identified as
villages (Archer 2001).

Based on the ethnographic record, fishing was ifiletitas the most
important resource procurement activity for themighian, and the seasonal
availability of fish influenced the movement oftd&nents and the organization
of labor (Halpin and Seguin 1990; Stewart 1975}hknlate spring, herring would
move to near shore waters to spawn, where theydamiintensively fished and
then dried or rendered for oil (Garfield 1951). ®iknographic records of the
Tlingit in Alaska also describe people fishing farring in the summer and fall
(Moss et al. 2011). Eulachon, an oil-rich smeltswdentified as an important
resource since it was the first fish availableha $pringtime when stores of dried
foods were running low (Garfield 1951; Miller 1990ther economically
important fish resources used by the Tsimshiarugehalibut and cod, which
were available between November and January ang iwgrortant during times
of low food productivity (Garfield 1951; Stewart72%).

There is limited ethnographic and archaeologic@rmation regarding
the role and significance of shellfish not onlyMhiiit the territory of the
Tsimshian, but also along the entire Pacific c§@annon et al. 2008).
Historically, the Tsimshian gathered shellfish dgrthe lowest tides in the winter
months (Arima and Dewhirst 1990:34; Moss 1993). Heev, the lack of
ethnographic information on shellfish harvestingyrba attributed to the uneven

distribution of attention that was paid to male-dloated and more dramatic
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subsistence activities such as fishing and sea namnting (Moss 1993). This
has likely influenced how shellfish remains haverb&eated in archaeological
interpretation, specifically regarding pan-coagtabs that shellfish are a low-
priority resource. As further noted by Martindé2€06:175), the major
ethnographic accounts of Tsimshian pre-contadesetint and subsistence
practices (Boas 1916; Garfield 1939, 1951) appeaohflate multiple time
frames, further emphasizing the questionabilityhef ethnographic record.
1.2 Seasonality and shellfish on the north coast

The proposed seasonal round of the Coast Tsimslasibeen discussed in
ethnographic accounts, but not in great detail (land et al. 2010) [see Boas
1916:399; Drucker 1965; Garfield 1939; Halpin arg)@n 1990; Miller
1997:21-24]. A generalized ‘seasonal round’ indisghat people moved between
resource procurement locations through the spmlgsammer, and, by late
autumn, groups of people returned to winter villag&th dried salmon and other
preserved foods (Coupland et. al 2010). Althoughahtiquity of this annual
round is unknown, it likely pre-dates the arrivatlze first Europeans (Martindale
1999:190). The lack of detailed ethnographic infation on Coast Tsimshian
‘seasonal rounds’ may indicate there was more biitiain seasonal-settlement
patterns than could be adequately observed andilobedcFurthermore, there is
little reason to assume this pattern of seasonaéllityocan be applied uniformly
to the archaeological past. Using ethnography tterstand long-term

archaeological histories is not always reliablesiit does not take into account
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change over time in environmental and/or cultucadditions (Conneller, 2005;
Ford, 1989; Jochim, 1991), and, as discussed aildgt Moss (1993), there are
inherent problems with the nature of ethnographtan this point.
Ethnography can still contribute valuable informatto understanding the past
(see Grier 2007; Martindale 2006; Moss 2011), haxethese data should be
used with caution when integrated into archaeobdgiarratives of long-term
history.

In the Prince Rupert Harbour area, low-resolutinalysis of clamshells
based on the formation of ‘winter growth lines’ heeen conducted to determine
the season of site occupation at McNichol CreekRidtey Island (Coupland et
al. 1993; May 1979). The initial seasonality invgstions indicated that shellfish
gathering at Ridley Island was a year-round agtiwiith an emphasis on winter
and spring collection (May 1979:82). For the inifi879 study, a total of 97
butter clams$axidomus gigant@¢and horse clamgesus capaxfrom bulk
samples were selected for seasonality analysislagltigrowth patterns were
‘read’ by two independent observers. Of the shalislyzed, there was an
agreement by both observers on the season of ateatity 24 specimens (24%).
Coupland et al.’s (1993) seasonality analysis eflssh from McNichol Creek
incorporated butter clams, littleneck clams andktes; beginning with a total
sample of 1128 specimens, which was reduced tq11% of the original
sample) by removing older shells, and shells therevdamaged during

preparation. Using Monk’s (1987) method of analyseason of death was
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determined by the position of the last winter gitowssation line or ‘biocheck’
in relation to the previous four years of growtheTstudy concluded that
shellfishing occurred throughout the year but veithemphasis during the spring
and early summer (Coupland et al. 1993:79). Thadyais relied on a control
sample of live-collected shellfish from the FraBeilta region from the southern
coast that was the basis of Ham'’s (1982) seasygrsdlitly. In contrast to these
seasonal patterns, Fitzhugh’s (1995) study usilglesisotopes found an
emphasis on autumn and winter shellfish collectarrthe Uyak site on Kodiak
Island, Alaska. Although this is a different cutiband environmental region, it
provides an interesting foundation from which teeramine seasonality methods
using bivalves.

Recent advances in identifying the season of s$leltfollection have shed
light on a variety of factors that make using ‘v@ngrowth lines’ an unreliable
method (Andrus 2011; Burchell et al. 2013; Hallmat@al. 2009). For example, a
control sample of bivalves from the Fraser Deltaonthern British Columbia
cannot be applied to the northern coast since ibaaignificant difference in
shell growth between the two regions. Based orstherochronology of live-
collected shells from Pender Island on the sou#istc(loser to the Fraser Delta)
and Alaska (closer to Prince Rupert Harbor), thespproximately a four to six
month difference between the growing seasons. $Sfielh southern British
Columbia can grow nearly throughout the year, waeshells from more

northern latitudes can stop growing for six to ser®nths (Hallmann et al.
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2009). Additionally, different bivalve species pung different forms and shapes
of growth lines during different periods of the yefeor example, the growth

patterns of butter clams and horse clams are sgfikidifferent (Fig. 4.2).

5mm

Figure 4.2— Thin sections 08. gigantedleft) andT. capax(right) under
transmitted light (adapted from Cannon and Burck@09). The white lines in
both specimens represent growth interruptions sgprténg either a slowed
growth during the winter or an increase in fresterat

The present study uses whole butter clam shefishall fragments with a
preserved ventral margin from 15 sites on the Danslands (Fig. 4.3) and four
sites in Prince Rupert Harbour (Fig. 4.4). Buttams are an ideal species to
examine seasonality and subsistence since thdguand in abundance in
archaeological sites on the coasts of WashingtatisB Columbia and Alaska
(Cannon et al. 2008; Fitzhugh 1995; Moss 1993, 2Mdxs and Erlandson 2010;
Wessen 1988). A preliminary study of relative sps@bundances from four sites
in the Dundas Islands (GcTql, GcTg-5, GeTqg-7, R)ishowed butter clams
and horse clams represent between 60-80% of ttiisthassemblage based on
both counts and weights of non-repetitive elemédtsneron et al. 2008).

Archaeological shells from McNichol Creek (GcTo-6pTo-77, Tremayne Bay

(GcTo-46), and Ridley Island (GbTn-19) in PrincepRd Harbour were obtained
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from column samples archived at the University ofohto and the Canadian

Museum of CivilizatioA,

Chatham
Sound

Kilometers

Figure 4.3— Map of the Dundas Islands showing the locatiosites analyzed in
the study.

2 Additional shell growth increment data from foites from the Dundas Islands
(GcTg-1, GeTg-5, GeTg-7, GeTr-8) were incorpordenn Brunton and
Burchell (2008).
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Chatham Sound

Kilometers

Figure 4.4— Map of Prince Rupert Harbor showing the locatibsites analyzed
in the study.
2. GROWTH INCREMENT ANALYSIS

Following the methods developed by Cannon and Balir¢p009) for
interpreting the relative intensity of shellfishrhast, 3003 butter clam shell
fragments > 1cm with an intact ventral margin wemalyzed from the Dundas
Islands. To prepare shells for growth incrementyais, specimens were cut
along the axis of maximum growth perpendiculah® growth lines using a low-
speed precision saw (Buehler IsoMet 1000) withdanm thick diamond-coated

saw blade. Shell portions were ground with diglileater on 320 and 240n

125



Ph.D. Thesis — M. Burchell McMaster University — Anthropology

SiC grit paper then polished withuin Al,O3 colloidal solution on a billiard cloth
using a high-speed polisher (Buehler Ecomet 3erAdach grinding and
polishing step the shells were cleaned via ultresbath to remove any adhering
powder and allowed to dry. Polished shell fragmergse examined with a Nikon
SMZ800 digital zoom microscope under 40 X magntfaato examine the
pattern of growth lines and determine if the shels in a mature or senile stage
of growth. A record was kept of the growth pattearsd matched between shell
fragments to avoid analyzing the same specimeretwic

Age categories of mature and senile growth canyeasidistinguished by
examining the distribution of growth bands at tleatval margin of the shell.
Older shells have a distinct growth pattern whenker lines are tightly clustered
at the ventral margin due to slowing rates of stalbonate deposition. In
contrast, shells in a mature stage of growth haea end broadly spaced growth
lines because of the higher growth rates (Claat868). Any shell that could not
be readily identified as either ‘mature’ or ‘sehilas classified as ‘unknown’
(Fig. 4.5). Sites with a higher proportion of skefi a mature stage of growth
imply a more intensive harvesting rate than thosk igher proportions of
senile shells, since shellfish are being harvelséddre they reach the stage of
senile growth. To compare the results of the Durslasds to those from the
mainland coast, a total of 690 butter clam fragmevere analyzed from the four

sites in Prince Rupert Harbour (Table 4.1).
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Figure 4.5— Examples of mature (left) and senile (right)vgttoin S. gigantea.

Growth patterns in butter clams from the northevast of British
Columbia can be compared to shells from the ceotast since they have similar
growth rates; shells from both regions can stopvgrg for up to six months
(Burchell et al. 2012; Hallmann et al. 2009). $h&bm the southern coast grow
faster, reaching senile growth between five toysiars, whereas shells from the
central and northern coasts reach senility betvegght to ten years (Gillespie and
Bourne 2005a,b; Gillespie et al. 2004). Intertziahes where shellfish are not
harvested on a regular basis are generally dontirmtehells in a senile stage of
growth. All live-specimens collected from the Duadslands that were used as a
proxy to interpret the stable oxygen isotope valuese older than eight
ontogenetic years, and had clearly developed desgmwth pattern. Table 5 in
Cannon and Burchell (2009) shows the distributiba sample of live-collected
shells in areas monitored by Fisheries and Oceanada on the central coast of

British Columbia.
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Table 4.1-Total number of shells used and their associaggedcategories from
the Dundas Islands and Prince Rupert Harbour

Dundas Islands Senile Mature Uncertain Site total
GdTg-1 10 22 6 38
GcTr-5 58 88 48 194
GcTg-5 211 324 55 590
GcTqg-7 44 229 41 314
GcTr-10 45 67 15 127
GcTQg-13 10 20 2 32
GcTr-8 223 319 38 580
GcTr-9 20 49 9 78
GcTg-1 51 70 19 140
GcTqg-6 143 144 28 315
GcTg-9 50 107 14 171
GcTg-4 52 102 26 180
GcTr-6 7 5 6 18
GdTg-3 65 70 18 153
GcTg-11 20 45 8 73

Regional Total 1009 1661 333 3003

Prince Rupert Harbour Senile Mature Uncertain Site totd
McNichol Creek, GcTo-6 70 88 8 166
Tremayne Bay, GbTo-46 57 91 5 153
Dodge Cove, GbTo-77 114 45 4 163
Ridley Island, GbTn-19 116 69 23 208

Regional Total 357 293 40 690

The Dundas Islands growth increment analysis revéal butter clams
were collected intensively since there are a grgatgortion of shells in a mature
stage of growth at 14 of the 15 sites (Fig. 4.6heWthe results from all the sites
are combined, 55% of the shells were in a matagesof growth, and 34% were
in a senile stage of growth. A total of 11% of #iells were classified as
‘unknown’, however, it is important to note thaistlelassification was more often
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than not the result of annual growth lines not bailearly visible under reflected

light and magnification.
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Figure 4.6— Percent of butter clam shell age categorieguigted by growth
increment analysis from four sites in Prince Ruptatbour and 15 sites in the
Dundas Islands.

The pattern of harvesting observed at the Dundasds differs from the
overall pattern of butter clam collection at Priftepert Harbour, which shows
less intensive collection (Fig. 4.6). Overall, 5b%ihe butter clams in Prince
Rupert Harbor were in the senile stage of growtld, 42% were in a mature stage

of growth. Only 7% of the shell samples from Prikugpert were classified as

‘unknown’. Although the overall pattern of harvéstess intensive on the
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mainland coast, there was variability observed betwsites. Butter clams from
McNichol Creek and Tremayne Bay have higher propostof shells in mature
stages of growth (53% and 59% mature, respectivahg GbTo-77 and Ridley
Island have higher proportions of shells in a segibge of growth (70% and 65%
senile, respectively).
3. STABLE OXYGEN ISOTOPE ANALYSIS

Butter clam shells from five sites from the Dundands (GcTqg-5,
GcTg-6, GeTr-6, GATg-1 and GdTqg-3) were previowsiected for radiocarbon
dating and stable isotope analysis to examine srengaleoclimate and to
develop a preliminary assessment of the seasouttdrizlam collection
(Hallmann et al. 2012). Shells from two additiobaindas Islands sites (GcTq-9
and GcTg-13) were added to expand the analysisasiomal butter clam harvest.
Both additional sites exhibited higher densitiet@fring and eulachon
suggesting a possible spring occupation (Brewstémdartindale 2011). Since
both species of fish could be stored, it is diffita assess seasonal occupation
based on their presence alone. Incorporating thgosality of butter clam
collection makes it possible to refine this intetation. A total of 1333 discrete
isotope samples from 42 individual shell samplesmfthe Dundas Islands were
analyzed to determine the season of shellfish cidie. Ten butter clam shells
with 100 discrete isotope samples from McNicholekrén = 5) and Ridley Island
(n = 5) were also analyzed for seasonality. Whikeriumber of shell samples

from Prince Rupert Harbour is small, it providesasis from which to re-examine
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the previous seasonality interpretations that dedie lower-resolution methods.
The results are sufficient to suggest a new unaedstg of patterns of shellfish

harvesting and site occupation.

wo |

' milling

Figure 4.7— Sampling strategy for micromilling at the vehtrargin and
microdrilling shell carbonate to identify the selasd shellfish collection.

To determinéd*®Oqpe;, carbonate powder was obtained by hand

micromilling at the ventral margin followed by magirilling in the faster growing
portions from the outer shell layer of polishedssrgections. Micromilling was
applied to attain a higher resolution for determgnseasonality by moving in
~100um consecutive steps beginning at the ventral maocgintouring the growth
lines using a 1 mm diamond coated cylindrical duill(Komet/Gebr. Brasseler

GmbH & Co. KG model no. 835 104 010) (Fig. 4.7)ckéimilling allows for an
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uninterrupted record to be obtained, and minimtheseffects of time-averaging,
which is the mixing of different time periods ofedhgrowth (Goodwin et al.
2004). After the ventral margin was milled, thetéagrowing portions of the
shell were micro-drilled using a 3@@n conical drill bit (Komet/Gebr. Brasseler
GmbH & Co. KG model no. H52 104 003). The distabetveen the center-to-
center of the drill samples varied between 400&0@um. Since shell samples
varied in both the size of the fragment as webri®genetic age, each polished
shell was examined under 40X magnification to oleséine microgrowth
structures, and a specific sampling strategy com@imicromilling and
microdrilling was selected to attain the highestssmality resolution possible by
selecting the appropriate spacing of sample paintgpture the last few months
of shell growth.

Isotope samples were analyzed by reaction with giarsc acid in a Gas

Bench Il coupled to a Thermo Finnigan MAT 253 coatus flow — isotope ratio

mass spectrometer. Isotope data were calibratedsadéBS-19 §*°0 = -1.95%o).

The §*%0¢nervalues are expressed relative to the internatiéR&B (Vienna Pee

Dee Belemnite) standard and are given as per mil (%o

Stable oxygen isotope studies of butter clam deinatesl that this species
secretes its shell in close isotopic equilibriundivambient seawater (Burchell et
al. 2012, Gillikin et al. 2005; Hallmann et al. Z20@011, 2012). When the
sequence of isotope data is sufficiently long teecmne or more years of shell

growth, a sinusoidal curve is produced when tha deg plotted, reflecting
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seasonal changes in both the water temperatureadindy (Fig. 4.8). Stable
oxygen isotope ratios from the ventral margin & shell with more negative
oxygen isotope ratios are interpreted as ‘sumna@d, the more positive are
interpreted as ‘winter’. The flanks of the sinudalicurve where it is either
decreasing or increasing as a function of distéroce the ventral margin
represent autumn and spring respectively whendteeare plotted inversely

(Burchell et al. 2012).

450 1 Dundas Islands, GdTqg-3-7

364-392cm DBS - Autumn
400 A

-3.50 A

-2.50 7

-2.00 A

3 18Oshell (%0)

-1.00 A

-0.50 A

0.50

25 20 15 10 5

Distance to ventral margin (mm)

Figure 4.8— Stable oxygen isotope profile of an autumn ctdld shell from site

GdTg-3, Dundas Islands. TB&%O values are plotted inversely, with the most
positive values associated with winter at the bottd the Y-axis and the more
negative values associated with warmer temperagdrdee top of the Y-axis. The
greater numbers of data near the ventral marguitessom higher sampling
resolution (milling vs. drilling).

It should be noted that seasonal freshwater digelsarave more negative

880y aervalue, and increase the ovei&fOsme amplitude, therefore, the overall
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amplitude of the isotope data is also considerexsgociation with microgrowth

line formation and the direction of the slope & tlurve (see Fig. 6 in Burchell et
al. 2013). Thé*®Ospey ventral margin values from the Dundas Islands edng
from to 0.29%o t0 -4.36%0, and from -1.11%e. to -4.46f%frince Rupert Harbour.
The amplitude 08 0she; ventral margin values in Prince Rupert is 5.57%b an

4.65%o for the Dundas Islands. Prince Rupert Harlmlocated between the
mouths of two major rivers, the Skeena and the Nbhssefore it is likely that
shells from this area are more prone to freshwatkixes, specifically the
increase in freshwater from snow melting duringgpeng and early summer.
This is observed in several specimens where sidelfgified as ‘spring collected’
have the most negativé®Osnei at the ventral margin, for example samples GcTg-
9-5 (-4.23%0), GCT0-6-1 (-3.02%0), and GbTn-19-53B40). Since a 1%o shift in
8'%0 equates to approximately a #@Zhange in ambient seawater using the
Bohm et al. (2000) paleothermometry equation, aplituale of 3.35%0 equates to
a temperature range of almosf@4exceeding the observed sea surface
temperatures for the region of 2Gto 17C by approximately 1 (Hallmann et
al. 2012). However, when the microgrowth linesexamined in relation to the
most negative isotope values, they correspondeth sbilection in the early
spring as determined by the number of daily grawthements counted from the
last growth cessation from the winter.

At the Dundas Islands the overall seasonality tesllow that butter clam
collection occurred throughout the year at almtisifahe sites investigated, but
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with a stronger emphasis on harvesting during timew(Table 4.2; Fig. 4.9).
Four of the seven sites investigated were dominayaalinter harvesting. The site
GcTg-6 was the only site investigated that hadanger emphasis on spring
collection. Autumn and summer are represented #gtakites, but to a slightly
lesser extent. The sites (GcTg-9, GcTg-13) hadhitjeest density of herring and
eulachon, which suggests a pattern consistentwhgt could be described as
winter village occupation or multi-seasonal resig@roccupation. These sites
show shellfish collection occurred predominantlyhe winter, but also in the
spring and autumn.

On the mainland coast in Prince Rupert Harbor goutem collection was
identified during the autumn and spring monthsidtéy Island and McNichol
Creek (Table 4.3). Although the sample sizes ferdites are small (n = 5 per
site) in comparison to the original seasonalityls (i.e., Coupland et al. 1993;
May 1979), the increase in precision has presemtselv interpretation for the
seasons of butter clam harvesting. At McNichol Eréleree shells were collected
in the autumn and two were collected in the sprirgs differs from Coupland et
al.’s (1993) results, which showed an emphasigpoing and early summer.
Similarly, the Ridley Island results showed fouekscollected in the spring and

one collected in the autumn, contrasting with Mg¥'879) conclusion that winter
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and spring were the preferred seasons of collect®nce the sample size for
Prince Rupert Harbour is small, results of the entrstudy are not sufficient to
demonstrate conclusively any particular seasonghasis, but they clearly
contrast with the Dundas Islands pattern, and siggpossible emphasis on
spring and autumn collection in Prince Rupert Harbol'he implication would

be that shellfish was collected in the spring whimed winter food became
depleted and in the fall when people were prepasiralfish meat to be dried and

stored for the winter.

3 -
W Winter
2 - | - - Spring
[JSummer
Autumn
14
0 - T T I T T T T |

GcTg-9 GcTg-13 GcTg-5 GcTg-6 GdTg-1 GcTr-6 GdTg-3
Site

Number of shells

Figure 4.9— Results of seasonality analysis from seven sitdse Dundas
Islands based on shell oxygen isotopes and miam@inent analysis.
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Table 4.2— Seasonality and radiocarbon dates from butsenglfrom the Dundas
Islands. Martindale et al. (2009) present comprsiverdetails on all radiometric
dates from the Dundas Islands.

Auger Depth (cm) 5'%0 (%.) at ventral
Site Sample IC DBS margin Seasol Years Cal. BP_i-sigme
GcTg-9  GcTg-9-1 80-100 0.08 Winter
GcTg-9-2 80-100 -2.73 Spring
GcTg-9-3 120-140 -1.40 Autumn
GcTg-9-4 120-150 -0.17 Winter
GcTg-9-5 140-169 -4.23 Spring
GcTg-13  GcTg-13-1 80-100 -0.07 Winter
GcTe-13-2 80-10C -2.07 Autumn
GcTg-13-3 100-120 -0.24 Winter
GcTg-13-4 120-140 -0.81 Winter
GcTg-13-5 120-140 -3.55 Spring
GcTg-5  GcTe-5-1 60-80 0.21 Winter 1852-234¢
GcTq-5-2 60-80 -1.10 Spring
GcTg-5-3 220-240 -1.45 Spring 2315-2797
GcTg-5-4 240-260 -3.30 Summer 2340-2855
GcTg-5-5 260-280 -4.36 Summer 2369-2929
GcTQq-5-6 440-460 -1.41 Autumn 2745-3529
GcTg-5-7 440-460 -2.35 Autumn
GcTg-6  GcTe-6-1 60-80 -0.62 Autumn 1337-182¢
GcTg-6-2 60-80 -0.99 Spring
GcTg-6-3 100-120 -2.94 Summer 1391-1182
GcTqg-6-4 200-220 -1.14 Spring 1438-1952
GcTg-6-5 240-260 -1.58 Spring
GcTg-6-6 240-260 -2.18 Summer 1379-1868
GdTg-1  GdTc-1-1 84-112 -2.81 Summe
GdTg-1-2 143-168 -0.04 Winter
GdTg-1-3 143-160 -0.03 Winter 1513-2025
GdTqg-1-4 168-196 -3.72 Summer 1921-2479
GdTg-1-5 224-245 0.29 Winter 1596-2125
GcTr-6 GcTr-6-1 110-115 0.14 Winter 6489-7361
GcTr-6-2 112-140 0.18 Winter
GcTr-6-3 140-168 0.06 Winter
GcTr-6-4 170-175 -1.39 Autumn 6968-7438
GcTr-6-5 196-224 -0.83 Spring
GdTg-3  GdTg-3-1 140-168 -2.33 Spring 5382-5862
GdTc-3-2 14C-16¢ -0.71 Winter
GdTg-3  GdTg-3-3 252-280 -0.55 Winter 5657-6167
GdTg-3-4 252-280 -0.29 Winter
GdTg-3-5 282-308 -2.61 Summer 6315-6813
GdTg-3-6 336-364 0.00 Autumn 6428-6949
GdTQg-3-7 364-392 -1.50 Autumn
GdTg-3-8 364-392 -2.12 Summer 6497-7047
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Table 4.3— Seasonality of butter clam shells from McNicBoéek (GcTo-6) and
Ridley Island (GbTn-19), Prince Rupert Harbour.

Location/Depth 820 (%) at
Sample ID Unit (cm DBS) ventral margin Season
McNichol Creek
GcTo-6-1 21N, 10W Layer C, Level 2 -3.02 Autumn
GcTo-6-2 21N, 10W Layer C, Level 9 -2.44 Autumn
GcTo-6-3 21N, 10W Layer C, Level 16 -3.72 Spring
GcTo-6-4 21N, 10W Layer C, Level 19 -1.89 Autumn
GcTo-6-5 21N, 10W Layer C, Level 14 -1.54 Spring
Ridley Island

GbTn-19-1 1-2S, 10-11E 140-150 -2.37 Spring
GbTn-19-2 1-2S, 10-11E 160-170 -1.11 Autumn
GbTn-19-3 5-7S, 0-1W 80-90 -4.46 Spring
GbTn-19-4 5-7S, 0-1W 110-120 -2.36 Spring
GbTn-19-5 6-7S, 11-12W 180-190 -3.30 Spring

4. REGIONAL VARIABILITY IN SHELLFISH HARVESTING

The intensity of shellfish harvesting at the Duntidands can be
interpreted by examining historical and environraénbntexts of the region.
There is a Northwest Coast precedent for the tiatesion of large volumes of
dried fish up to 100 km from where they were cagdufAmes 1994), and Oberg
(1973:66) notes that shellfish meat was procesedtieislands and traded to
locations in the mainland. Therefore it is plalesithat shellfish was harvested at
the Dundas Islands and transported back to PrinpefRHarbour. The intertidal
zones at the Dundas Islands provide ample zongsatifish productivity,
however, the potential transportation of shellfisgat is almost impossible to
evaluate. ltis likely the inhabitants of the [das Islands were more reliant on
shellfish as a staple food source, and that pdiyihg on the mainland coast did
not need to harvest shellfish as intensively stheee were other locally abundant

resources from which to choose. Shellfish in badaa may have provided crucial
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nutrition in the spring and winter months prioithe spawning of eulachon and
herring.

Shellfish are a poor source of calories when coegto plant and
terrestrial and/or other marine animal foods (Eakon 1988), and it has been
argued that the investment required to obtain B$ielis not worth the economic
return (Osborn 1977). However, shellfish can bégatd in abundance fairly
quickly, and provide enough daily protein to sustn individual (Erlandson
1988:105). The evidence suggests shellfish weleatet in the Dundas Islands
at an intensive rate throughout the year, indicgtitey were important and
necessary components of the diet.

In contrast to the pattern of year-round shellfisiivesting in the Dundas
Islands, the albeit limited seasonality data fraimé& Rupert Harbor suggests an
emphasis on clam collection during the autumn g@mithg months, a pattern
which is consistent with the seasonal pattern ofeskat long-term residential
sites on the central coast (Burchell et al. 20E3he sample size was increased,
we expect that the results would show that buttens were collected to
supplement the diet throughout the year, but theharsis was on harvest in
autumn and spring.

Long-term residential sites on the central caasth as Namu (EISx-1)
and Kisameet (EISx-3), show a clear emphasis angpnd autumn harvesting
(Burchell et al. 2013) and a less intensive rateafiection when compared with

specialized resource camps in the vicinity (Canaeh Burchell 2009). Locations
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identified as places for the specific purpose @llfsh gathering show an
emphasis on summer, autumn and winter, whereadesradiés show year-round
collection. The intensity of butter clam harvegton the central coast is
comparable to Prince Rupert Harbour, but it isedéht than the more intensive
harvesting observed in the Dundas Islands. Thethrowrement analysis of 772
shells from nine sites on the central coast by G@arand Burchell (2009) revealed
that overall 51% (390/772) of shells were colledted mature stage of growth
and 45% (351/772) in a senile stage of growth, withremaining shells
classified as unknown (4%) Specific patterns ofiBble harvesting are observed
between longer-term residential sites and shont-tarcupation sites, especially
those with a specific emphasis on gathering skhllfiFor example, only 38%
(70/185) of the shells from the village site of Namere in the mature stage of
growth and 62% (115/185) were senile. In contthst,shell midden site at Kiltik
Cove, EITa-25, which was identified as a small caogasionally used
specifically for harvesting shellfish showed 67%4261) mature-growth shells
and 30% (79/261) senile-growth shells, with eidiells classified as ‘unknown’.
In general, on the central coast, the intensityh@fifish collection is lower at
long-term residential sites than at smaller sigggasenting more ephemeral
occupations (Cannon and Burchell 2009).

The Prince Rupert Harbour results show thereligtian in the intensity
of harvest, even at village sites. The lower hdrirgensity at GbTo-77 and the

Ridley Island site is similar to the pattern obgeat long-term residential sites
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and villages on the central coast (Cannon and Elir2B09). In contrast, the
more intensive harvest at the larger village sifelsicNichol Creek and
Tremayne Bay is similar to the patterns observeshratiler campsites or
specialized resource procurement camps. It is plesttiat shellfish were
integrated differently into the subsistence ecomsnaif the Prince Rupert Harbour
sites based on currently unknown historical or emrmental contingencies.
Much more information on shellfish harvest at aevichnge of sites, more
detailed understanding of site occupations, arichasts of the sizes of resident
populations are needed to thoroughly assess ahab¢eahe nature and role of
shellfish collection in Prince Rupert Harbour.
5. CONCLUSIONS

The results of the growth increment and stablegeryisotope analyses
have shown variability in the season of butter ctanthection not only between
regions, but also between sites within a regions Vhriability is likely
attributable to the environmental and historicatwmstances that structure the
need (or desire) to harvest butter clams. On thedBs Islands, the seasonality
pattern and the rates of harvest intensity sugpasshellfish were a crucial
resource. Shellfish were intensively collected yeand over a 5000-year period.
In Prince Rupert Harbour, shellfish were harvestiedariable rates between sites,
but overall were less intensively harvested thaméDundas Islands. This is
likely attributable to access to a greater abundaficalmon (Coupland et al.

2010).
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By comparing the results of the north coast toceém®ral coast, differences
in regional shellfish harvesting practices haveupet® emerge. Although the
sample size of shells analyzed for seasonality flRsimce Rupert Harbor is small,
it has provided a more precise estimate of shell@rvesting patterns, and one
that stands in contrast to earlier, lower-resotustudies. The combination of
studies from the north and central coasts demdastthat seasonal shellfishing
strategies are contingent on multiple factors,udirlg environment and variable
patterns of site use over time. At this pointsihbt possible to find a simple
correlation between the seasons of collection @mddst intensity since the
factors that influence subsistence and settlenrenilkaely numerous and
potentially changed over time.
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CHAPTER 5
CONCLUSION
5.1 SUMMARY AND SIGNIFICANCE OF RESULTS

The results of this dissertation have provided imesights into regional
variation in patterns of seasonality, settlemewt strellfish harvesting on the
coast of British Columbia. They have also showmittterpretive limits and the
potential of high-resolution stable oxygen isotapalysis §*°0) and
sclerochronology to resolve the season of sheltf@lection in freshwater-
influenced marine settings. Most significantly, thea presented break down
conventional interpretations of seasonality onRhaeific Northwest Coast both
theoretically and methodologically.

Methodologically, this research demonstrates tloblpms associated with
traditional methods of seasonality analysis asiegph archaeology, specifically
the use of growth increments to identify the seadarapture (Clarke and Clarke,
1980; Coupland et al1993; Crockford and Wiggen, 1991; Ham and Irvir&/5;
Keen, 1979; Maxwell, 2003; May, 1979; Stevensor?,7}9 It provides evidence
to support the necessity for high-resolution isetepmpling to determine
seasonality, and demonstrates the need to aligrhgedcal data to micro-growth
patterns in shells from freshwater-influenced masattings. These findings
have implications for how archaeologists have el growth patterns and
stable oxygen isotopes in their research to ress#asonality questions. These

findings also have implications for palaeoclimaeanstructions that rely on
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stable isotope ratios of shell carbonate that eyngllower sampling resolution

(Imm) (i.e. Bar-Yosef Mayer et al., 2012). A loangpling resolution does not
show the full amplitude of isotope values, and ef@e provides a more limited
glimpse into past environments.

The multi-scalar analysis of different sites froifiedent regions showed a
range of variation in shellfish procurement ond¢bast. It confirmed that no
general pattern of shellfish harvest applies ceagdé. The acquisition and use of
shellfish on the coast of British Columbia is caggnt on historical and
environmental circumstances, some of which aregepknown. Combined, the
three manuscripts that comprise this dissertatiomige the methodological
foundations on which to improve the precision aocligacy of seasonality
estimates from bivalves. They also provide eviddhag calls into question
previous assumptions of seasonal mobility and mesoprocurement on the
Northwest Coast.

5.1.1 Refining estimates for the season of shellisollection on the Pacific
Northwest Coast: Applying high-resolution stable &ygen isotope analysis
and sclerochronology

This paper documents the methodology specificabkighed to improve
the precision of seasonality estimates from fresemwiafluenced marine bivalves
recovered from archaeological sites. A combinatibhigh-resolution
sclerochronology and stable oxygen isotope ana{§¥i®) allowed for an
understanding of the life-history traits 8&xidomus gigante@utter clam),

specifically the duration and length of the growsggason. This information
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derived from live-collected specimens was theniagpb understand®Ognejand
interpret seasonality at the site of Namu (EISwii}he central coast of British
Columbia.

From the analysis of live-collected butter clamlishend water data from
different localities in the vicinity of the Namusesj local variability in salinity and
5*80,.aerWas observedObtaining modern environmental data (live-collected
shells and water) was essential to understandehavior of5'0gerisotopes in
relation to the number of micro-increments (LDGNce the water on the central
coast of British Columbia is subject to seasonaldases in freshwater discharge
from isotopically more negative melting snow pacBs: aligning the micro-
milled isotope samples to the LDGI it was posstblaccount for negative
excursions ir5*®Oghe1 where the most negative values correlate with growt
cessations due to temporary decreases in salMdge negative isotope values
are typically associated with warmer water tempeest, however, these negative
excursions in the oxygen isotope data do not cpamrs to temperature, but rather
are associated with decreases in salinity singhivater influxes and changes in
temperature have dual and opposing effects e, In addition to improving
the methods applied to determine seasonality Usfi@yne this analysis also
demonstrated the variation 8h°Oshe; that occurs when a low-resolution sampling
strategy is applied. Low-sampling resolution resul time-averaging (Goodwin
et al., 2004) of the shell carbonate, and ultinyaéeblending’ of seasons, and an

inaccurate seasonal estimate.
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5.1.2 Significance of results

With regards to paleoclimate reconstructions tia dlearly show that
usingd'®0 from freshwater-influenced marine shells is ne¢l@ble method for
determining precise sea-surface palaeotemperadtireates, since the effects of
temperature and salinity cannot be separated. Henvehe results do show that it
is possible to establish seasonality wiEiDgheiis aligned with micro-growth
increments. This method provides a reliable meamstérpret seasonality based
on the geochemistry of shellfish in areas with eaakfreshwater discharge(s).
With regards to archaeological interpretationss gaper provided two significant
conclusions. The first pertains to the use of feaelution isotope sampling to
determine seasonality, which is more commonly eyeslan archaeology than
precision micro-milling (i.e. Culleton et al., 2008odfrey, 1988; Jones et al.,
2008; Kennet and Voorhies, 1996; Killingly 1981; iéno et al., 2003, 2007,
Rick et al., 2006). By directly comparing conventl drilling to precision
micro-milling it showed that low-resolution sammirs likely to provide a less
accurate season of death estimate.

This paper also provided seasonality data spart0@ years of
occupation at the site of Namu based on the amsabfs20 archaeological shells,
seven of which had associated radiocarbon datheselresults were significant
for interpreting archaeological patterns of sulesise and occupation at Namu
since the data showed shellfish were collected-y@ard, which is consistent

with year-round habitation at the site (Cannon ¥adg, 2006). This contradicts
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ethnographic observations of season-specific pettefr shellfish collection (i.e.
Arima and Dewhirst, 1990; Blackman, 1990; Halpinl &eguin, 1990; Kennedy
and Bourchard, 1990). The emphasis on spring atudra harvesting as
revealed through th#%0g,e) analysis and sclerochronological alignment suggest
that people harvested shellfish in the spring wigrter food stocks had become
depleted, and collected more intensively in theieu to dry shellfish meat,
which was stored and consumed through the wintaés gattern is further
reinforced by the fact that all shells with radidizn dates were collected in the
spring or autumn. This paper revealed new insightsseasonal subsistence
strategies and settlement patterns, and usingtbetinodern and archaeological
data a foundation for the analysis was establish&xkamine regional variability
in seasonality and shellfish harvesting on there¢obast of British Columbia.

5.2.1 Inter-site variability in the season of shdilsh collection on the central
coast of British Columbia

This paper uses the methodology and the origiat ftom Burchell et al.
(2013b) and expands the seasonality analysis atilthge site of Namu by
increasing the number of shells analyzedf8® (n = 22) and expanding the
number of radiocarbon dated shells (n = 8 from EISK = 3 from ElTa-25).
More importantly, the analysis was expanded tos@iker shell midden sites in
the immediate area to examine variability in seas@irshellfish harvesting.
Previous studies of growth increments of buttemslaevealed different patterns
of collection intensity at different sites, specdily between long-term residential
villages and short-term camps, especially thosd gpecifically for shellfish

159



Ph.D. Thesis — M. Burchell McMaster University — Anthropology

procurement (Cannon and Burchell 2009). A toté@fndividual shell samples
spanning 4,500 years were examined from resideritiage sites, large
residential sites and small campsites to intem@gion-wide patterns in the
seasons of butter clam harvesting.
5.2.2 Significance of results

The results of this paper are significant becalsg tlearly show regional
variability in the seasons of butter clam collestiand by proxy, seasons of site
occupation. Overall, the results show a more corpédtern of seasonal resource
procurement and settlement than previously disclissethnography and
archaeology. The results show multi-seasonal clamvdst, with an emphasis on
the spring and autumn. At all sites, summer wasst#ason least likely to be
represented and this could be due to the incraasedf paralytic shellfish
poisoning (Quayle and Bourne, 1972), or the faat geople did not want or need
to harvest shellfish during the summer. This pgpesents data from the largest
number of samples, both individual shells and eigcisotope samples, published
to date for a seasonality study using stable issolb is also one of the only
examples of a high-resolution study of season#liyn multiple sites within a
specific, localized region.

5.3.1 Seasonal patterns and shellfish harvest onetmorth coast of British
Columbia

In this paper the variability in butter clam hastieg between sites on the
northern coast of British Columbia is shown throtigs biochemical analysis of
shells from 15 shell midden sites on the Dundastid and four sites on the
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mainland coast in Prince Rupert Harbour. Usingidatin et al.’s (2012) initial
isotope data from 27 archaeological shells fromDbedas Islands, the sample
was increased to 42 shells specifically to asseassamality for the island
archipelago, and for comparison to the results ft@nshells from two sites in
Prince Rupert Harbour. On the Dundas Islands ites svere tested for seasonal
patterns of shellfish harvest (G¢cTg-3 and GcTqri), dy proxy, seasonal
occupation since the results of the faunal anabsigested occupation during the
spring from the high density of herring found ag6 sites when compared to
other sites in the area (Brewster and Martindad&12. The results of the
seasonality analysis of shellfish from these twessindicate collection in the
winter, spring and autumn, supporting the integdreh from the fisheries data
that these sites were occupied during the spring.

The comparison of shellfish data from the Dundéanids and Prince
Rupert Harbour is an ideal basis from which to examwariability in resource
procurement strategies, since the Dundas Islamdsoasidered to be a marginal
resource area (Ames, 1994), whereas sites in theePRupert have access to fish
from the Skeena and Nass rivers. These data dheficompared to the results
of growth increment analysis and seasonality data the central coast (Burchell
et al., 2013a,b; Cannon and Burchell, 2009) to esthe range of variability

between and within the north and central coasbregi
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5.3.2 Significance of results

A significant finding was the extent of variability shellfish harvest
intensity and seasonality not only between reglrtsalso within regions. This is
especially interesting because the Dundas Islareda eelatively short distance
from Prince Rupert Harbour (14 km), yet their sineliiden sites are drastically
different with regards to both the low abundanceestebrate faunal remains
(Brewster and Martindale, 2011) and their indicasiof shellfishing patterns.
The intensity of shellfish harvesting appears tdéalbgely contingent on
environmental factors. Areas with marginal researexhibit more intensive
shellfish harvest than do places where there issscto abundant fish resources.
It is likely that shellfish was a crucial resoufoe people living on the Dundas
Islands, and this interpretation is supported leydbnsistent pattern of intensive
harvest observed at all sites over a 5000-yeaogeim contrast, shellfish in
Prince Rupert Harbour were harvested at varialtés rat different sites. While
three of the sites from Prince Rupert Harbour vigeatified as ‘villages’, the
pattern of shellfish harvesting is not consisteithwthe pattern of harvesting
observed at village sites on the central coastellf&h harvesting appears to be
more intensive on the northern coast than on th&aecoast since there is a
higher proportion of clam shells in a mature staiggrowth. On the central coast,
long-term residential sites and villages have adigroportion of clams in a
senile stage of growth (Cannon and Burchell, 2008)Prince Rupert Harbour, a

contrasting pattern is observed in the intensitgtallfish gathering between
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village sites. For example, the village site McNic@reek has a higher
proportion of shells in a mature stage of growthereas the village site on
Ridley Island has a higher proportion of shella isenile stage of growth. The
pattern of shellfish harvest at Ridley Island isrenconsistent with the pattern of
shellfish harvesting observed at villages and lterg: residential sites on the
central coast (Burchell et al., 2013c). Thesaltesmply that shellfish resources
were acquired at different rates between sitesinc® Rupert, and further imply
that shellfish were integrated into local econontiased on specific
circumstances, which are not yet known.

Overall, these findings are significant becausg ghvevide critical insight
into intra- and inter-site variability within aneétween regions, and provide a
basis for understanding variation in shellfish legting intensity and seasonality
on the Pacific Northwest Coast more generally. yTdlso show that a relatively
small sample of shells (specifically from Princepeu Harbour) is sufficient to
re-examine previous seasonality interpretationsadosgrvations from the
ethnographic record. The seasonality results ftoetundas Islands revealed
year-round collection at all sites, but in PrinagpRrt Harbour, the focus is on
harvest in the spring and autumn. While the datanfthis paper are robust, since
they combine stable isotopes and growth increnfeonts the north and central
coasts, more research is needed. An increase muthber of shells analyzed for

seasonality, especially from Prince Rupert Harbawayld be useful, and more
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precise temporal information would make it posstblassess whether there is
any correlation between seasonality and the inten$ishellfish collection.

5.3 Limits and potential of high-resolution stablasotope sclerochronology in
archaeological contexts

Stable isotope data from freshwater-influencedimeamollusks have been
used in a variety of contexts to reconstruct pagirenmental conditions from
deep geological time (i.e. Colonese et al., 20X¢tfrann et al., 2004; Kirby et
al., 1998; Loren and Muehlenbachs, 2001; Schoaé,&2004). However, as
demonstrated through the research on the centaat,c@ reconstruction of past
sea surface temperature from freshwater-influemeadne bivalves can lead to an
over-estimation of past temperatures. Regardletisegbrecision used to attain
the isotope samples, the nature of oxygen isotaje (theing strongly influenced
by the opposing effects of both freshwater and &adprre) limits the ability to
accurately reconstruct sea surface palaeotemper@urchell et al. 2013b). The
use of a growth-temperature model based on the exgwand widths of LDGI
(i.e. Hallmann et al., 2011) may help resolve isssigrounding the influence of
freshwater o ®Ogne from freshwater-influenced marine settings. Hoerein
some shell specimens LDGI widths may not be visiblgield any form of
pattern that can be used to aid in the reconstnuct past sea surface
temperatures.

One of the most significant limitations to thipéyof analysis is the cost
and expertise required for stable isotope analgsisecially when aligned with
the micro-increment structure of the shell. Thenhegst of analysis prohibits the
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analysis of a ‘large’ sample of shells for seasiynphartly because each shell is
sampled at a higher resolution (i.e. 100 instead of 1mm), however, the
improved accuracy compensates for the small sasigde and, as demonstrated
in this thesis, a small sample of shells will paezmeaningful insights into
seasonal patterns of shellfish harvest and, byypite occupation.

Reducing the sample size to improve the accuréttyeoseason-at-death
estimate can still provide meaningful results, tfioa limited sample size should
be used with caution and not be taken to reprakerfull range of seasonal
activities at the site. At present, the samplessine shellfish seasonality in Prince
Rupert Harbour (n = 10 shells) are small companeti¢ central coast (n = 90),
and it would be prudent to expand the number ofshealyzed from Prince
Rupert Harbour to ensure that the pattern of sfautgmn harvest remains
consistent. This raises an important questionrdgg the number of individual
shell samples required to identify a seasonal patt€he answer to this is
contingent on several factors including the ocaopal history of the site and the
preservation of the shellfish remains. When apghivey seasonality questions,
the number of shell samples analyzed should bedenes! within the temporal
and spatial context of the site. Larger sites \itiger periods of occupation
require more samples than smaller, more ephemi&ral However, there is no
specific number of samples required to identifyseaal patterns of shellfish
collection. It should also be noted that identitypatterns of sedentism and

mobility, a goal frequently linked to seasonalitydies, would require not only a
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greater number of samples than presented in thsedation, but also multiple
seasonal proxies.
5.4 Future research

There are several ways in which the research predémthis dissertation
can be expanded and the new knowledge of regi@ralhility in shell growth
rates integrated into archaeological research progr An increase in the number
of shells and sites examined is crucial to betteteustand seasonal shellfish
gathering. Expanding the sample to look at mordssfrem McNichol Creek and
Ridley Island in Prince Rupert Harbour would bedamnt to ensure whether the
pattern of spring and autumn harvesting remainsistent throughout their
occupational history. Expanding the seasonalityyasato include Treymane
Bay, Dodge Cove and other sites in the area wdatd@ovide a better
understanding of site-specific seasonality pattefhe expansion of both the
seasonality and harvest pressure analyses toar@s of the Northwest Coast
would permit a broader perspective of the rangeaafbility in subsistence
practices.

Preliminary analysis of shellfish harvesting stgss has been conducted
on shells from Pender Island (DeRt-1 and DeRi2}he Gulf of Georgia on the
south coast of British Columbia, which has an oetigmal history spanning more

than two millennia (Fedje et al. 2009). The comtifsite’ area is comparable to

% The shell midden ‘sites’ on Pender Island havenlzssigned two different Borden numbers. It
is more likely that it is a single site disruptedtbe construction of a modern canal, and not two
separate shell middens as the Borden numbers \gaglgkest.
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Namu, and has been identified as a ‘village’, hosvethe temporal occupation of
the site is significantly shorter. Growth increrhanalysis of 398 ventral margin
fragments revealed that shells were collectedralagively intensive rate, (63%
mature, 25% senile, 12% unknown). Shells grow fastéhe south coast
(Hallmann et al., 2009), and this pattern of hareasnot be directly compared to
the data from the north and central coasts witkonsidering the influence of
latitude on shell growth rates (see Jones and Quitn1996). A faster growth
rate should result in senility at an earlier agidating potentially more intensive
harvest at Pender Island than even the high prigpoot mature shells would
suggest.

To improve the accuracy of growth increment analgsid extend it to
further regions of the Northwest Coast, a new apgraising whole shells and the
application of a von Bertalanffy growth equatiorultbprovide more specific
details of shellfish harvest pressure by assigshails to age categories more
specific than ‘mature’ or ‘senile’. If whole shelise used, precise age estimates
could be determined by counting the annual growsl However, because it is
virtually impossible to distinguish annual band$utter clam shells over 15
years (i.e. Fig. 1.1), there would still be limitsthe ability to establish a precise
demographic profile of the harvested shellfish gapon. In addition, there is no
relationship between the size and age of a shtell aénile growth is reached
(Cannon and Burchell, 2009), which is problematicthe von Bertalanffy

growth equation. Otherwise, the von Bertalanffywgifoequation may be
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particularly useful for clams recovered from simeitiden sites, since this
equation is most effective for populations thateroan extended period of time
(James, 1991).

Using the same methods of high-resolution stalo®se sampling and
sclerochronological alignment, preliminary seasityaita forS. giganteghave
been obtained for two additional areas on the aafaBtitish Columbia, Pender
Island, on the south coast, and Moresby Island{a@ida Gwaii. The initial
seasonality results from Pender Island revealedi+sehsonal collection (winter,
spring, summer). While the sample size is smal &), the initial results do not
imply any particular emphasis on a single seasamecant study of the life-
history traits, LDGI, and stable isotopesSfgiganteashells from occupations
dating approximately 500 years ago on Moresby tslataida Gwaii by
Brombacher (2012), showed evidence for year-rowtidation, with a slight
emphasis on spring and autumn collection. Agaim stmple size is small (n =
10), but even with this sample the results directigtradict the ‘winter’ patterns
of shellfish harvesting observed ethnographicatlthie area (i.e., Blackman,
1990). These results, especially when considerdaei larger regional
framework of the British Columbia coast further derstrate the potential
variability in the seasonality of clam harvest &ité occupation patterns. They
also highlight discrepancies with the subsisterreetres observed

ethnographically.
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In addition to expanding the methodology appl@& fgiganteao other
areas from the Pacific Northwest Coast, these ndsthtay be beneficial in other
geographic regions, and with other species. Pretingistable oxygen isotope
results from the calcite bivalwytilus edulis(blue mussel), from a historic era
Métis sod house in Labrador has shown promiserakadle seasonality indicator
when high-resolution sampling is applied. Howeweacro-growth lines and
LDGI are not visible in this species even whenrgdiwith Mutvei’s solution,
therefore, it is not possible to use this spe@egéochemical alignment, nor for
estimating patterns of past mussel harvesting press

In addition to using different bivalve speciashfotoliths may also
provide reliable seasonality estimates using stabk®pes and/or growth lines
(i.e., Gao et al. 2001; Jamieson et al. 2004; Soteaet al. 1998; Van Neer et al.
1993). As well as studying different organisntfien geochemical methods
could be applied to refine seasonality estimated,movide insight into past
climates. Clumped isotopes (i.e., Eiler, 2007; khgton et al, 2010; Tripati et al.,
2010) and trace element analyses (i.e., Sessa 20aPR; Schone et al., 2011;
Toyofuku et al., 2011) are other possible apprositheesolving seasonality in
freshwater-influenced marine environments. Thiesatf Mr/Ca and Sr/Ca are
not influenced by salinity however techniques tibyfunderstand the relationship
between trace elements and/or clumped oxygen isstapd shell growth history
are still under development (Andrus, 2011). If igai#e palaeothermometer is

found, the calculation of past sea water tempegataould be possible, which
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would allow further insight into changes in salyrgind precipitation (Andrus,
2011). It would likely also improve the precisiohseasonality estimates from
archaeological shells, not only at freshwater-iaflced marine sites, but also in
species that are not candidates for sclerochroieabglignment.

5.5. Conclusions

The analysis of butter clams from the central modhern coasts of British
Columbia clearly demonstrated the range of vaiitgbi resource procurement
practices between the central British Columbia td2&snce Rupert Harbour and
the Dundas Islands. While the full spectrum oflifsk use is not fully
understood, new insights have revealed the yearerase of butter clams, and
their varying roles in local economies. It alsowkd the importance of shellfish
as a resource on the Northwest Coast, whetheoiteghat is harvested
seasonally to supplement food during times of slgertor one that is used in
marginal resource areas throughout the year.

A question that remains unanswered pertains t@kasize. Using high-
resolution sampling and sclerochronological aligntmi is possible to establish
the number of discrete data points needed to ésttadBasonality from an
individual shell. It is not yet resolved how marheBs are needed to establish
seasonality at a particular site or over time. Aakken sample size, such as those
from the Prince Rupert Harbour region, is suffitiendetermine the minimum
number of seasons represented, however sitesasudamu, with long

occupation histories require analysis of a largenber of shells. The number of
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shells required to determine seasonal patternsnngent not only on site size
and the length of occupation, but also the go#hefstudy.

This dissertation provided improved methods fassaality estimates
from archaeological shells, tested the methodsitierstand regional patterns in
settlement and subsistence on the central coasthan expanded their regional
application to examine variability in seasonalibdéaarvest intensity on the north
coast. Methodologically, the results showed tmatgh increment and growth
colouration analysis to determine the season dffistiecollection is unreliable.
It also demonstrated the need for high-resolutmtope sampling and
sclerochronological alignment to determine seasiynal freshwater influenced
environments. Overall, there is no evidence to suppe previous suppositions
of ‘seasonally mobile’ populations, which imply sg& seasonal movements to
particular locations, since there is no indicatioat most sites were occupied on a
single-season basis. The results also indicate thao single seasonal pattern of
shellfish procurement on the Northwest Coast. Magaificantly, this
dissertation has demonstrated the variability betwand within regions and the
diversity in subsistence and settlement practicethe coast of British Columbia,
a subject that is worth further enquiry and in\gestiion.
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APPENDIX A: STABLE OXYGEN ISOTOPE DATA

I. CENTRAL COAST

NAMU, EISx-1

EISx1-1

EISx-1-2

EISx-1-3

Provenience
68-70S. 6-8W, 270-280cm

Provenience
26-28S. 2-4E, 70-80cm

Provenience
28-30S. 2-4E, 180-190cm

DBS DBS DBS

# samples 57 # samples 24 MO %o 14

Max 8*20%o -0.12 Maxd20%o -0.74 Mind"20%o -0.07

Min 0% -3.41 Min&*0%o -5.04 @580%o0 -2.60

@ 52 0%o -1.46 @520 %0 -2.92 @580%o -1.38

Season Autumn Season Spring Season Spring
EISx-1-4 EISx-1-5 EISx-1-6

Provenience
32-34S. 2-4W, 50-60cm

Provenience
28-30S. 2-4E, 180-190cm

Provenience
32-34S. 2-4W, 90-100cm

DBS DBS DBS

# samples 46 # samples 37 # samples 17

Max 8*20%o 0.50 Maxd20%o -0.08 Max 0 %o -0.57

Min §'%0%o -3.29 Mind'®0%o -3.89 Mind"20%o -2.79

@ 52 0%o -1.56 @520 %0 -2.69 @580%o0 -1.57

Season Spring Season Autumn Season Autunn
EISx-1-7 EISx-1-8 EISx-1-9

Provenience
32-34S. 2-4W, 130-140cm

Provenience
32-34S. 6-8W, 90-100cm

Provenience
66-68S. 4-6W, 300-310cm

DBS DBS DBS

# samples 21 # samples 19 # samples 15

Max 50 %o -2.84 Max5*80%o -0.64 Max5*€0%o 0.01

Min 0% -4.90 Min&*20%o -3.87 Min&*0%o -2.10

@ 580%o -3.55 @580%o -2.15 @580%o -1.40

Season Autumn Season Winter Season Auturmmn
EISx-1-10 EISx-1-11 EISx-1-12

Provenience
68-70S. 4-6W, 150-160cm

Provenience
68-70S. 6-8W, 90-100cm

Provenience
68-70S. 6-8W, 260-270cm

DBS DBS DBS

# samples 20 # samples 23 # samples 23
Max 8*20%o -1.41 Maxd20%o -0.69 Maxd 0 %o -0.30

Min §'%0%o -4.65 Min&*0%o -4.28 Min&*0%o -4.42

@ 52 0%o -2.83 @520 %o -1.87 @580%o0 -1.69
Season Winter Season Spring Season Spring
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EISx-1-13

EISx-1-14

EISx-1-15

Provenience
68-70S. 8-10W, 0-50cm

Provenience
66-68S. 8-10W, 340-350cm

Provenience
Auger J1 Shell C

DBS DBS

# samples 50 # samples 18 # samples 12

Max 5*80%o 0.25 Max520%o -0.69 Max520%o -0.60

Min §¥0%o -3.11 Min&*¥0%o -3.61 Min&*0%o -3.70

@ 580%o -1.37 #5180 %0 -2.86 #5180 %0 -2.21

Season Summer Season Autumn Season Autumn
EISx-1-16 EISx-1-17 EISx-1-¢

Provenience
Column Sample 1, STR 6.

Provenience
Column Sample 1, STR 6.

Provenience
Column Sample 1, STR 6.

# samples 13 # samples 12 # samples 10

Max 8*20%o -0.80 Maxd20%o -0.42 Max 0 %o 0.07

Min 0% -3.07 Min&*0%o -1.11 Min&*0%o -0.25

@ 52 0%o -2.32 @520 %o -0.82 @520 %o -0.11

Season Spring Season Autumn Season Wintgr
EISx-1-19 EISx-1-20 EISx-1-21

Provenience
Column Sample 1, STR 6.

Provenience
Column Sample 1, STR 6.

Provenience
Column Sample 1, STR 6.

# samples 10 # samples 10 # samples 29

Max 8*20%o -0.44 Maxd20%o -2.73 Maxd 0 %o 0.00

Min §'%0%o -0.89 Min&*0%o -3.44 Min&*0%o -4.45

@ 52 0%o -0.60 @520 %0 -3.08 @580%o0 -1.71

Season Winter Season Summe Season Winter
EISx-1-22

Provenience
32-34S. 2-4W, 150-160cm

DBS
# samples 22
Max §*80%o -0.12
Min 0% -3.19
@ 52 0%o -1.28
Season Winter
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EISx-3-1 EISx-3-2 EISx-3-3
Provenience Provenience Provenience
Auger C3 39-63cm DBS Auger C3 39-63cm DBS Auger C17
# samples 15 # samples 20 # samples 32
Max 5'°0%o -1.26 Maxs'%0%o -0.73 Maxs'%0%o -0.55
Min §*°0%o -3.94 Min&*?0%o -4.56 Min&*?0%o -4.11
@ 5%0%o -2.88 @5'0%o0 -2.26 @5'%0%o0 -2.21
Season Spring Season Spring Season Spring
EISx-3-4 EISx-3-5 EISx-3-6
Provenience Provenience Provenience
Auger D13 Auger D17 Auger D17
# samples 15 # samples 15 # samples 15
Max 5"80%o -1.30 Maxs 0% -1.27 Maxs 40%o -0.27
Min 8"°0%o -3.31 Min&'?0%o -3.76 Mind*?0%o -3.62
@ 5°0%o -2.38 @5'%0%o0 -2.60 @5'%0%o0 -1.56
Season Autumn Season Spring Season Spring
EISx-7 EISx-3-8 EISx-3-9
Provenience Provenience Provenience
Auger D24 Auger C3 Auger C11
# samples 21 # samples 15 # samples 10
Max 5'°0%o -0.61 Maxs'40%o -0.92 Maxs'%0%o -0.57
Min 8*°0%o -3.03 Min&"?0%o -3.55 Mind*?0%o -2.96
@ 5%0%o -2.01 @5'40%o0 -1.73 @5'%0%o0 -1.90
Season Autumn Season Winter Season Spring
EISx-3-10 EISx-3-11 EISx-3-12
Provenience Provenience Provenience
Auger F19 Auger D20 Auger C19
# samples 15 # samples 15 # samples 16
Max 5'°0%o -0.37 Maxs'%0%o -2.09 Maxs'%0%o -0.96
Min §*°0%o -2.98 Min&*?0%o -5.19 Min&*?0%o -3.54
@ 5%0%o -1.38 @5'0%o0 -3.70 @5'%0%0 -2.25
Season Spring Season Spring Season Spring
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EISx-5
EISx-5-1 EISx-5-2 EISx-5-3
Provenience Provenience Provenience
Auger B3 B17 Auger B19-A
# samples 20 # samples 16 # samples 12
Max §"°0%. -0.17 Maxg "0 %o -0.31 Maxs"*0%o -0.49
Min 5"°0%o -5.37 Min5"*0%o -2.86 Min5"*0%o -3.21
@ 5'°0%o -2.23 @5°0%o -1.18 @5'°0%o -1.99
Season Winter Season Winter Season Spring
EISx-5-4 EISx-5-5 EISx-5-6
Provenience Provenience Provenience
Auger B19-B Auger B23-A High terrace
# samples 12 # samples 15 # samples 15
Max §'%0%o -0.37 Maxg "0 %o -0.95 Maxs"*0%o -0.14
Min §"°0%o -3.46 Mins"*0%o -2.93 Ming"®0%o -2.83
@ 5"°0%o -2.01 @5"°*0%o -2.08 @5"°0%o -1.59
Season Autumn Season Spring Season Autunpn
EISx-5-7

Provenience
High terrace

# samples 7
Max 50 %o -0.97
Min 0% -2.00
@ 52 0%o -1.72
Season Autumn
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EISx10-1

EISx10-2

EISx10-3

Provenience
Auger A5-B, 105-107 cm

Provenience
Auger A6-B, 107-116 cm

Provenience
Auger A7, 116-126cm

# samples 8 # samples 15 # samples 11

Max 8*20%o -1.01 Maxd 0 %o -0.89 Maxd 0 %o -0.60

Min §'%0%o -2.90 Mind"®0%o -3.37 Mind"20%o -3.22

3@ 58 0%o -2.35 @58 0%0 -2.30 @580%o0 -2.23

Season Autumn Season Spring Season Autunin
EISx10-4 EISx10-5 EISx10-6

Provenience
Auger A10 157-170cm

Provenience
Auger A11-A 170-190cm

Provenience
Auger F6 128-148cm

# samples 11 # samples 15 # samples 15

Max 8*20%o -0.06 Maxd'?0%o -0.25 Maxd?0%o -0.22

Min 0% -3.04 Min&*0%o -2.98 Min&*t0%o -3.49

@ 52 0%o -1.33 @52 0%o -1.31 @520 %o -2.25

Season Winter Season Spring Season Autunin
EISx10-7 EISx10-8 EISx10-9

Provenience
Auger F6 128-148cm

Provenience
Auger A13-C 202-207cm

Provenience
Upper erosional surf.

# samples 1 # samples 10 # samples 12

Max 50 %o -0.07] | Max§*0%o -0.81 Max5 80 %o -1.63

Min §**0%o -3.46| | Min 5%0%o -3.88 Min&**0%o -3.91

@ §80%o -1.62| | 25%0%0 -2.21 @580%o0 -2.79

Season Autumn Season Winter Season Autumn
EISx10-10 EISx10-11 EISx10-12

Provenience
Lower erosional surf.

Provenience
Auger A6, 107-116cm

Provenience
Auger A8, 126-135cm

# samples 12 # samples 15 # samples 19
Max 5'%0%o -0.71 Maxd 0%o -0.31 Maxs 0% -0.15
Min §*°0%o -2.98 Min&*?0%o -3.11 Min&*?0%o -3.22
@ 5'%0%o -1.77 @5'%0%o0 -1.74 @5'%0%o -1.50
Season Spring Season Autumn Season Spring
EISx10-13 EISx10-14
Provenience Provenience
Auger A16, 230-246cm Auger F2
# samples 10 # samples 15
Max 5'%0%o -0.46 Maxs40%o -0.14
Min 8'°0%o -3.09 Min&'?0%o -2.77
@ §'0%o -2.09 @5'0%o -1.79
Season Autumn Season Winter
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HUNTER ISLAND, ElTa-25

ElTa-25-1 ElTa-25-2 ElTa-25-3
Provenience Provenience Provenience
Auger C6 Auger A3, 94-113cm Augerl0, 191-201cm
# samples 9 # samples 14 # samples 13
Max §'%0%o -0.98 Maxs'%0%o -1.43 Maxs'40%o -2.04
Min §*°0%o -3.22 Min&*?0%o -3.79 Min&*?0%o -3.76
@ 5'0%o -2.06 @5'%0%o0 -2.92 @5'0%o -2.93
Season Autumn Season Winter Season Autunin
ElTa-25-4 ElTa-25-5 ElTa-25-6
Provenience Provenience Provenience
Auger Al5, 234-240 191cm| Auger A27, 280-296cm Auger A30, 303-305cm
# samples 15 # samples 15 # samples 16
Max §'%0%o -1.79 Maxs%0%o -0.85 Maxs'40%o -0.82
Min §*°0%o -4.38 Min&*?0%o -3.71 Min&*?0%o -4.51
@ 5'%0%o -3.20 @5'%0%o0 -2.95 @5'%0%o -2.73
Season Summer Season Autumn Season Autumn
ElTa-25-7 ElTa-25-8 ElTa-25-9
Provenience Provenience Provenience
Auger A15, 234-240cm Auger C3, 51-63cm Auger C18, 171-181cm
# samples 10 # samples 30 # samples 42
Max §'%0%o -0.20 Maxs'%0%o -1.05 Maxs'%0%o -1.17
Min 8'°0%o -2.37 Mind*?0%o -3.93 Min3'?0%o -5.00
@ §'%0%o -1.31 @5'%0%o0 -2.97 @5'%0%o0 -3.25
Season Spring Season Autumn Season Autunin
ElTa-25-10 ElTa-25-11 ElTa-25-12
Provenience Provenience Provenience
Exposure Exposure Exposure
# samples 6 # samples 18 # samples 10
Max 5'%0%o -1.41 Maxs 0% -0.82 Maxs 0% -1.40
Min §*°0%o -3.06 Min&*?0%o -3.37 Min&*?0%o -2.95
@ 5'%0%o -2.39 @5'%0%o0 -2.38 @5'%0%o -2.16
Season Autumn Season Winter Season Autunin
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ElTb-1
ElTb-1-1 ElTb-1-2 ElTh-1-3
Provenience Provenience Provenience
Auger A4-A Auger A4-C Auger A6-B
# samples 18 # samples 12 # samples 13
Max §'%0%o 0.44 Maxs"40%o -0.56 Maxs'%0%o -0.62
Min §*°0%o -2.93 Min&*?0%o -2.37 Min&*?0%o -1.98
@ 5'0%o -0.99 @5'0%o -1.87 @5'%0%o0 -1.39
Season Winter Season Winter Season Winte
ElTb-1-4 ElTb-1-5 ElTh-1-6
Provenience Provenience Provenience
Auger A8 Auger A9 Auger A10
# samples 17 # samples 20 # samples 20
# samples -0.04 Ma0%o -1.62 Maxs'40%o -0.63
Max 5'%0%o -2.32 Min&*?0%o -1.49 Min&*?0%o -2.11
Min 8'°0%o -1.17 @5'°0%o -1.46 @5'%0%o0 -1.49
@ 5'%0%o Winter Season Spring Season Winter
ElTb-1-7 ElTb-1-8 ElTh-1-9
Provenience Provenience Provenience
Auger A12-E Auger A12-H Auger D3
# samples 20 # samples 20 # samples 10
Max 5'%0%o 0.03 Maxs40%o 0.22 Maxs'40%o -0.95
Min 8'°0%o -2.98 Min3'?0%o -2.30 Mind*?0%o -2.34
@ §'0%o -0.94 @5'0%o0 -1.09 @5'%0%o0 -1.43
Season Spring Season Winter Season Sprin
ElTb-10
EITb-10-1 EITb-10-2 EITb-10-3
Provenience 3B Provenience 3C1 Provenience 3C2
# samples 10 # samples 11 # samples 11
Max §'%0%o -0.82 Maxs'%0%o -0.24 Maxs'%0%o -0.30
Min 8'°0%o -2.57 Mind*?0%o -2.27 Min&'?0%o -1.78
@ 5'0%o -1.72 @5'%0%o0 -1.72 @5'0%o0 -0.78
Season Autumn Season Autumn Season Sprin
ElTb-10-4 EITb-10-5 EITb-10-6
Provenience 3B Provenience 3H-2 Provenience C3
# samples 10 # samples 10 # samples 10
Max 5'%0%o -0.07 Maxs 40%o 0.42 Max5'20%o -0.79
Min 8'°0%o -1.38 Mind*?0%o -1.47 Min3'?0%o -2.22
@ 5'0%o -0.60 @5'%0%o0 -0.39 @5'40%o0 -1.23
Season Winter Season Winter Season Sprin
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GcTg-9
GcTg-9 A GcTg-9B GcTg-9 C
Provenience Provenience Provenience
60-80 cm DBS 80-100 cm DBS 120-140 cm DBS
# samples 10 # samples 15 # samples 10
Max §'%0%o 0.03 Maxs'%0%o -0.57 Maxs'40%o -0.75
Min 8'°0%o -4.48 Mind*?0%o -3.71 Min&'?0%o -3.79
@ 5'0%o -1.93 @5'%0%o0 -2.06 @5'0%o0 -1.85
Season Winter Season Spring Season Winte
GcTg-9 D GcTg-9 E

Provenience
120-150 cm DBS

Provenience
140-160 cm DBS

# samples 10 # samples 10
Max 8*20%o -0.17 Maxd'?0%o -0.90
Min §'%0%o -4.64 Min&*0%o -4.24

@ 52 0%o -2.67 @50 %o -2.76
Season Autumn Season Spring
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GcTqg-5

12-3 DA 12-3 DB 12-3 DE

Provenience Provenience Provenience
60-80 cm DBS 60-80 cm DBS 220-240 cm DBS

# samples 37 # samples 87 # samples 49
Max §'%0%o 0.40 Maxs'40%o 0.81 Maxs'%0%o 0.57
Min 8'°0%o -3.44 Min3'?0%o -3.88 Mind*?0%o -5.89
@ 5'0%o -1.58 @5'%0%o0 -1.42 @5'0%o0 -2.08
Season Winter Season Spring Season Spring

12-3 D4 12-3 DA 12-3 D1

Provenience
220-240 cm DBS

Provenience
220-240 cm DBS

Provenience
440-460 cm DBS

# samples 28 # samples 49 # samples 53
Max §'%0%o 0.42 Maxs'40%o 0.31 Maxs'%0%o 0.29
Min §*°0%o -3.30 Min&*?0%o -5.13 Min&*?0%o -4.08
@ §'0%o -1.41 @5'%0%o -1.93 @5'%0%o0 -1.71
Season Summer Season Summer Season Autumn
12-3 D2
Provenience
440-460 cm DBS
# samples 66
Max §'%0%o 0.33
Min 8'°0%o -6.23
@ 5'%0%o -2.43
Season Autumn
GcTqg-6
6-10-2 DB 6-10-2 DC 60-10-2-DL
Provenience Provenience Provenience
60-80 cm DBS 60-80 cm DBS 100-120 cm DBS
# samples 44 # samples 106 # samples 40
Max 5'%0%o 0.20 Maxs 0% 0.57 Maxs 0% 0.81
Min 8'°0%o -3.09 Min&'?0%o -3.31 Mind*?0%o -3.75
@ §'%0%o -1.21 @5'%0%o -1.01 @5'%0%o0 -1.76
Season Autumn Season Spring Season Summjer
6-10-2 D 6-10-2 DB

Provenience
240-260 cm DBS

Provenience
240-260 cm DBS

# samples 64 # samples 46
Max 50 %o 1.00 Max5 80 %o 0.59

Min 0% -3.20 Min&*f0%o -3.67

@ 52 0%o -0.86 @52 0%o -1.45
Season Spring Season Summef
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GcTg-13 A

GcTg-13-B

GcTg-13 C

Provenience
80-100 cm DBS

Provenience
80-100 cm DBS

Provenience
100-120 cm DBS

Provenience
120-140 cm DBS

Provenience
120-140 cm DBS

# samples 10 # samples 11

Max 8*20%o -0.81 Maxd 20 %o -0.96

Min §'%0%o -4.62 Min&*0%o -4.63

3@ 52 0%o -2.75 @580%o -3.26

Season Winter Season Spring
GdTg-1

# samples 12 # samples 11 # samples 14

Max 50 %o -0.07 Maxs 0 %o -0.68 Maxs 0 %o -0.24

Min §**0%o -2.94 Min&**0%o -3.98 Min&**0%o -4.12

@ §80%o -1.32 @580%o -2.97 @580%o -2.19

Season Winter Season Autumn Season Winter
GcTg-13D GcTg-13 E

GdTg-1 224-245

GdTg-1 143-168

GdTa-1 168-196 DA

Provenience
224-245 cm DBS

Provenience
143-168 cm DBS

Provenience
168-196 cm DBS

# samples 30 # samples 37 # samples 41

Max 50 %o 0.29 Maxs 0 %o 0.26 Max5 80 %o 0.40

Min §**0%o 418 Min §%0%o -4.36 Min&**0%o -5.02

@ §80%o -1.45 @580%o -1.70 @50%o0 -2.59

Season Winter Season Winter Season Summeer
GdTg-1 A GdTg-1 143-168 DC

Provenience
84-112 cm DBS

Provenience
143-168 cm DBS

# samples 10 # samples 37
Max 50 %o -2.37 Maxs 80 %o 0.26

Min 0% -2.82 Min&*0%o -4.36

@ §80%o -2.51 @580%o -1.70
Season Summer Season Winter
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22-1 DA

22-1D

22-1 DC

Provenience
140-168 cm DBS

Provenience
140-168 cm DBS

Provenience
252-280 cm DBS

# samples 63 # samples 29 # samples 35

Max §"°0%. 0.27 Maxg "0 %o 0.35 Maxg'*0%o 0.41

Min 5"°0%o -5.55 Min5"*0%o -5.12 Min5"®0%o -4.50

@ 5"°0%o -2.19 @5'0%o -1.86 @5'0%o -1.44

Season Winter Season Spring Season Wintdr
22-1 DF 22-1 DB 22-1 DF

Provenience
252-280 cm DBS

Provenience
280-308 cm DBS

Provenience
336-364 cm DBS

# samples 23 # samples 28 # samples 32
Max 5'%0%o 0.27 Maxs 0% 0.40 Maxs 0%o 0.76
Min §*°0%o -3.68 Min&*?0%o -4.66 Min&*?0%o -3.41
@ 5'%0%o -1.26 @5'%0%o -1.93 @5'%0%o -1.25
Season Winter Season Summe Season Autunin
22-1 DA 22-1 DD
Provenience Provenience
364-392 cm DBS 364-392 cm DBS
# samples 50 # samples 35
Max 5'%0%o 0.07 Maxs'40%o 0.57
Min 8'°0%o -4.00 Min&'?0%o -4.53
@ §'0%o -1.91 @5'0%o0 -1.54
Season Autumn Season Summe
GcTr-6
GcTr-6 DIR GcTr-6 D1L GcTr-6 A
Provenience Provenience Provenience
110-115 cm DBS 170-175 DBS 112-140 cm DBS
# samples 40 # samples 54 # samples 10
Max §'%0%o 0.55 Maxs'%0%o 0.61 Maxs'%0%o 0.30
Min 8'°0%o -3.46 Min&'?0%o -4.80 Mind*?0%o -2.31
@ 5'0%o -1.11 @5'40%o0 -1.54 @5'0%o0 -0.83
Season Winter Season Autumn Season Winter
GcTr-6 B GcTr-6 C

Provenience
140-168 cm DBS

Provenience
196-224 cm DBS

# samples 10 # samples 10
Max 8*20%o 0.06 Maxd 0 %o -0.61
Min 0% -2.78 Min&*0%o -2.38

@ 52 0%o -1.42 @5*80%o0 -1.38
Season Winter Season Spring
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lll. PRINCE RUPERT HARBOUR

RIDLEY ISLAND, GbTn-19

GbTn-19-1

GbTn-19-2

GbTn-19-3

Provenience
1-2S; 10-11E, 140-150cm

Provenience
1-2S; 10-11E, 160-170cm

Provenience
5-7S; 0-1W, 80-90cm

DBS DBS DBS
# samples 15 # samples 15 # samples 10
Max 5'%0%o -0.94 Maxs 0% -0.96 Maxs'40%o -0.25
Min 8'°0%o -2.95 Min&'?0%o -3.08 Mind*?0%o -4.46
@ 5'%0%o -2.01 @5'%0%o -2.34 @5'%0%o0 -1.32
Season Spring Season Autumn Season Sprin
GbTn-19-4 GbTn-19-5
Provenience Provenience
5-7S; 0-1W, 110-120cm 6-7S; 11-12W, 180-190cm
DBS DBS
# samples 10 # samples 10
Max 5'%0%o -1.67 Maxs 40%o -1.64
Min §*°0%o -3.30 Min&*?0%o -3.11
@ §'%0%o -2.51 @5'%0%o -2.23
Season Spring Season Spring
McNICHOL CREEK, GcTo-46
GcTo-6-1 GcTo-6-2 GcTo-6-3

Provenience
N21; W10 Layer C, Level 2

Provenience
N21; W10 Layer C, Level 9

Provenience
N21; W10 Layer C, Level 14

# samples 14 # samples 15 # samples 10

Max 50 %o -1.08 Max5*80%o -0.83 Max5 0 %o -2.27

Min 0% -3.72 Min&*0%o -5.29 Min&*0%o -3.96

@ 52 0%o -2.92 @52 0%o -2.56 @50 %o -3.17

Season Autumn Season Autumn Season Spring
GcTo-6-4 GcTo-6-5

Provenience

N21; W10. Layer C, Level 19

Provenience
N21; W10 Layer C, Level 14

# samples 10 # samples 10
Max §"0%. -1.67 Maxg'*0%o -1.64
Min 5"°0%o -3.30 Min5"®0%o -3.11

@ 5'°0%o -2.51 @5'0%o -2.23
Season Spring Season Spring
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APPENDIX B: GROWTH INCREMENT DATA

|. DUNDASISLANDS

GcTg-1
GcTg-1, continued (a)
L = = L = —
s 523 § & 2543 § E
s FE =z 2 0 S = =z 2 )
5 282 = &8 338 2 8
) )

A 1 2006-70 40-60 X |1 2006-70  80-100
B 1 2006-70 40-60 A 1 2006-70 100-120
C 1 2006-70 40-60 B 1 2006-70 100-120
A 1 2006-70 60-80 C 1 2006-70 100-120
B 1 2006-70 60-80 D 1 2006-70 100-120
C 1 2006-70 60-80 E 1 2006-70 100-120
D 1 2006-70 60-80 F 1 2006-70 100-120
E 1 2006-70 60-80 G 1 2006-70 100-120
F 1 2006-70 60-80 H 1 2006-70 100-120
G 1 2006-70 60-80 I 1 2006-70 100-120
H 1 2006-70 60-80 J 1 2006-70 100-120
I 1 2006-70 60-80 K 1 2006-70 100-120
J 1 2006-70 60-80 L 1 2006-70 100-120
K 1 2006-70 60-80 M 1 2006-70 100-120
L 1 2006-70 60-80 N 1 2006-70 100-120
Al 2006-70 80-100 o 1 2006-70 100-120
B 1 2006-70 80-100 P 1 2006-70 100-120
c 1 2006-70 80-100 A 1 2006-70 120-140
D 1 2006-70 80-100 B 1 2006-70 120-140
E 1 2006-70 80-100 C 1 2006-70 120-140
F 1 2006-70 80-100 D 1 2006-70 120-140
G 1 2006-70 80-100 E 1 2006-70 120-140
H 1 2006-70 80-100 F 1 2006-70 120-140
I 1 2006-70 80-100 G 1 2006-70 120-140
J 1 2006-70 80-100 H 1 2006-70 120-140
K 1 2006-70 80-100 I 1 2006-70 120-140
L 1 2006-70 80-100 J 1 2006-70 120-140
M 1 2006-70 80-100 K 1 2006-70 120-140
N 1 2006-70 80-100 L 1 2006-70 120-140
O 1 '2006-70 80-100 M 1 2006-70 120-140
P 1 2006-70 80-100 N 1 2006-70 120-140
Q 1 2006-70 80-100 O 1 2006-70 120-140
R 1 2006-70 80-100 P 1 2006-70 120-140
S 1 '2006-70 80-100

T 1 2006-70 80-100

u 1 2006-70 80-100

vV |1 2006-70 80-100

w 1 2006-70 80-100
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GcTa-1, continued (b) GcTg-1, continued ()
L = — L = —
s 543 § E 2% Y3 fF E
s - 2 2 n s - 2 Z2 n
5 £ 82 2 8 3§85 = 3
- )

A 1 2006-70 140-160 D 1 2006-70 220-240
B 1 2006-70 140-160 E 1 2006-70 220-240
C 1 2006-70 140-160 F 1 2006-70 220-240
D | 1 2006-70 140-160 @ G @ 1 2006-70 220-240
E 1 2006-70 140-160 H 1 2006-70 220-240
F 1 2006-70 140-160 I 1 2006-70 220-240
G 1 2006-70 140-160 J 1 2006-70 220-240
H 1 2006-70 140-160 @ K | 1 2006-70 220-240
| 1 2006-70 140-160 L 1 2006-70 220-240
J 1 2006-70 140-160 M | 1 2006-70 220-240
A 1 2006-70 160-180 N 1 2006-70 220-240
B 1 2006-70 160-180 @H O @ 1 2006-70 220-240
C 1 2006-70 160-180 P 1 2006-70 220-240
D | 1 2006-70 160-180 @ Q @ 1 2006-70 220-240
E 1 2006-70 160-180 R 1 2006-70 220-240
F 1 2006-70 160-180 @ A 1 2006-70 240-260
A 1 2006-70 180-200 B 1 2006-70 240-260
B 1 2006-70 180-200/ | C | 1 2006-70 240-260
C 1 2006-70 180-200 D 1 2006-70 240-260
D | 1 2006-70 180-200 E 1 2006-70 240-260
A 1 2006-70 200-220 F 1 2006-70 240-260
B 1 2006-70 200-220 @ G @ 1 2006-70 240-260
C 1 2006-70 200-220

D 1 2006-70 200-220

E 1 2006-70 200-220

F 1 2006-70 200-220

G 1 2006-70 200-220

H 1 2006-70 200-220

| 1 2006-70 200-220

J 1 2006-70 200-220

K 1 2006-70 200-220

L 1 2006-70 200-220

M 1 2006-70 200-220

N 1 2006-70 200-220

O 1 2006-70 200-220

P 1 2006-70 200-220

Q 1 2006-70 200-220

R 1 2006-70 200-220

S 1 2006-70 200-220

T 1 2006-70 200-220

U 1 2006-70 200-220

v 1 2006-70 200-220

W 1 2006-70 200-220

X 1 2006-70 200-220

A 1 2006-70 220-240

B 1 2006-70 220-240

C 1 2006-70 220-240
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GcTag-4
GcTag-4, continued ()
W = _= W = _=
s 523 § & 2343 § E
s - =z Z 7)) s = =z Z 1T
3 £ 82 2 8 § 8% =z 38
o) )
A 1 2006-47, 40-60 A 1 2006-47, 140-160
B 1 2006-47, 40-60 B 1 2006-47, 140-160
C 1 |2006-47 40-60 cC 1 2006-47, 140-160
D 1 2006-47, 40-60 D 1 2006-47, 140-160
E 1 2006-47, 40-60 E 1 2006-47, 140-160
F 1 2006-47, 40-60 F 1 2006-47, 140-160
G 1 2006-47/ 40-60 G 1 2006-47, 140-160
H 1 2006-47, 40-60 H 1 |2006-47 140-160
I 1 2006-47, 40-60 I 1 2006-47, 140-160
J 1 |2006-47 40-60 J 1 2006-47, 140-160
K 1 2006-47, 40-60 K 1 |2006-47 140-160
L 1 2006-47, 40-60 L 1 2006-47, 140-160
A 1 2006-47| 100-120 M 1 |2006-47 140-160
B 1 2006-47| 100-120 N 1 |2006-47 140-160
cC 1 2006-47| 100-120 (@) 1 |2006-47 140-160
D 1 2006-47| 100-120 P 1 2006-47, 140-160
A 1 2006-47| 120-140 Q 1 2006-47, 140-160
B 1 2006-47| 120-140 R | 1 2006-47, 140-160
cC 1 2006-47| 120-140 S 1 2006-47, 140-160
D 1 2006-47| 120-140 T 1 2006-47, 140-160
E 1 2006-47| 120-140 U 1 |2006-47 140-160
F 1 2006-47| 120-140 vV | 1 2006-47, 140-160
G 1 |2006-47 120-140 W 1 2006-47, 140-160
H 1 2006-47| 120-140 X 1 2006-47, 140-160
I 1 2006-47| 120-140 Y 1 2006-47, 140-160
J 1 2006-47| 120-140 zZ 1 2006-47, 140-160
K 1 2006-47| 120-140 A1l 2006-47, 140-160
L 1 2006-47| 120-140 B 1 |2006-47 140-160
M 1 2006-47| 120-140 A1l 2006-47, 160-180
N 1 2006-47| 120-140 B 1 2006-47, 160-180
(@) 1 2006-47| 120-140 cC 1 2006-47, 160-180
P 1 2006-47| 120-140 D 1 2006-47, 160-180
Q 1 2006-47| 120-140 E 1 2006-47, 160-180
R 1 2006-47| 120-140 F 11 2006-47, 160-180
S 1 2006-47| 120-140 G 1 2006-47, 160-180
T 1 2006-47| 120-140 H 1 2006-47, 160-180
U 1 2006-47| 120-140 I 1 2006-47, 160-180
Vv 1 |2006-47 120-140 J 1 2006-47, 160-180
w | 1 2006-47| 120-140 K 1 2006-47, 160-180
X 1 2006-47| 120-140 L 1 2006-47, 160-180
Y 1 2006-47| 120-140 A1l 2006-47, 180-200
V4 1 |2006-47 120-140 B | 1 2006-47, 160-180
A 1 2006-47| 120-140 cC 1 2006-47, 180-200
B 1 2006-47| 120-140 D 1 2006-47, 160-180
C 1 |2006-47 120-140 E 1 2006-47, 180-200
D 1 2006-47| 120-140 F 1 2006-47, 160-180
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GcTg-4, continued (b) GcTQg-4, continued ()
L = — L = —
s 543 § E 2% Y3 §F E
S = 2 2 %) S = 2 2 %)
5 282 =z 8 §F8z2 = 3
> >
G 1 2006-47 180-200 E 1 2006-47 280-300
H 1 2006-47 160-180 F 1 2006-47 280-300
Al 2006-47 200-220 G 1 2006-47 280-300
B |1 2006-47 200-220 H 1 2006-47 280-300
c 1 2006-47 200-220 I 1 2006-47 280-300
D 1 2006-47 200-220 J 1 2006-47 280-300
E 1 2006-47 200-220 K 1 2006-47 280-300
F 1 2006-47 200-220 L 1 2006-47 280-300
G 1 2006-47 200-220 = A 1 2006-47 300-320
H 1 2006-47 200-220 B 1 2006-47 280-300
I 1 2006-47 200-220 C 1 2006-47 300-320
J 1 2006-47 200-220 D 1 2006-47 280-300
A 1 2006-47 220-240 E 1 2006-47 300-320
B 1 2006-47 220-240 F 1 2006-47 280-300
c 1 2006-47 220-240 G 1 2006-47 300-320
D 1 2006-47 220-240 H 1 2006-47 280-300
E 1 2006-47 220-240 I 1 2006-47 300-320
F 1 2006-47 220-240 J 1 2006-47 280-300
G 1 2006-47 220-240 K 1 2006-47 300-320
H 1 2006-47 220-240 L 1 2006-47 280-300
I 1 2006-47 220-240 = M 1 2006-47 300-320
J 1 2006-47 220-240 N 1 2006-47 280-300
Al 2006-47 240-260 = A 1 2006-67 320-340
B 1 2006-47 240-260 B 1 2006-67 320-340
C 1 2006-47 240-260 c 1 2006-67 320-340
D 1 2006-47 240-260 D 1 2006-67 320-340
E 1 2006-47 240-260 E 1 2006-67 320-340
Al 2006-47 260-280 F 1 2006-67 320-340
B 1 2006-47 260-280 G 1 2006-67 320-340
c 1 2006-47 260-280 H 1 2006-67 320-340
D 1 2006-47 260-280 I 1 2006-67 320-340
E 1 2006-47 260-280 J 1 2006-67 320-340
F 1 2006-47 260-280 = A 1 2006-67 340-360
G 1 2006-47 260-280 B 1 2006-67 340-360
H 1 2006-47 260-280 C 1 2006-67 340-360
I 1 2006-47 260-280 D 1 2006-67 340-360
J 1 2006-47 260-280 E 1 2006-67 340-360
K 1 2006-47 260-280 = A 1 2006-67 360-380
L 1 2006-47 260-280 B 1 2006-67 360-380
M 1 2006-47 260-280 C 1 2006-67 360-380
N 1 2006-47 260-280
o 1 2006-47 260-280
P 1 2006-47 260-280
A 1 2006-47 280-300
B | 1 2006-47 280-300
C 1 2006-47 280-300
D 1 2006-47 280-300
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GcTag-5
GcTQg-5, continued (a)

w < — w < —
s 523 § & 2543 § E
s F z 2 1) s E zZz | 2 1)
5 2 8|2 = | 8 ||3 2|82 2| 8

) )

A 1 2006-43 60-80 D 1 2006-43 280-300
B 1 2006-43 60-80 A 1 2006-43 300-320
c 1 2006-43 60-80 B 1 2006-43 300-320
A 1 2006-43 80-100 C 1 2006-43 300-320
B | 1 2006-43 80-100 D 1 2006-43 300-320
C 1 2006-43 80-100 E 1 2006-43 300-320
D 1 2006-43 80-100 A 1 2006-43 320-340
A 1 2006-43 100-120 B 1 2006-43 320-340
B | 1 2006-43 100-120 cC 1 2006-43 320-340
C 1 2006-43 100-120 D 1 2006-43 320-340
D 1 2006-43 100-120 E 1 2006-43 320-340
E 1 2006-43 100-120 F 1 2006-43 320-340
Al 2006-43 120-140 G 1 2006-43 320-340
B 1 2006-43 120-140 H 1 2006-43 320-340
c 1 2006-43 120-140 I 1 2006-43 320-340
A 1 2006-43 160-180 A 1 2006-43 340-360
B | 1 2006-43 160-180 B 1 2006-43 340-360
C 1 2006-43 160-180 C 1 2006-43 340-360
D 1 2006-43 160-180 D 1 2006-43 340-360
A 1 2006-43 140-160 E 1 2006-43 340-360
B | 1 2006-43 140-160 @ A 1 2006-43 360-380
C 1 2006-43 140-160 B 1 2006-43 360-380
A 1 2006-43 180-200 cC 1 2006-43 360-380
B 1 2006-43 180-200 D 1 2006-43 360-380
C 1 2006-43 180-200 ¥ A 1 2006-43 380-400
D 1 2006-43 180-200 B 1 2006-43 380-400
E 1 2006-43 180-200 cC 1 2006-43 380-400
F 1 2006-43 180-200 A 1 2006-43 380-400
G 1 2006-43 180-200 B 1 2006-43 380-400
A 1 2006-43 240-260 C 1 2006-43 380-400
B | 1 2006-43 240-260 D 1 2006-43 380-400
C 1 2006-43 240-260 A 1 2006-43 400-420
D 1 2006-43 240-260 B 1 2006-43 400-420
A 1 2006-43 220-240 C 1 2006-43 400-420
B | 1 2006-43 220-240 = A 1 2006-43 420-400
C 1 2006-43 220-240 B 1 2006-43 420-400
D 1 2006-43 220-240 cC 1 2006-43 420-400
A 1 2006-43 260-280 A 1 2006-43 440-460
B 1 2006-43 260-280 B 1 2006-43 440-460
C 1 2006-43 260-280 C 1 2006-43 440-460
Al 2006-43 240-260 @ A 1 2006-43 460-480
B 1 2006-43 240-260 B 1 2006-43 460-480
c 1 2006-43 240-260 cC 1 2006-43 460-480
A 1 2006-43 280-300 A 1 2006-43 480-300
B | 1 2006-43 280-300 B 1 2006-43 480-300
C 1 2006-43 280-300 C 1 2006-43 480-300
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GcTg-5, continued (b) GcTQg-5, continued ()
L = — L = —
s 543 § E 2% Y3 §F E
S = 2 2 %) S = 2 2 %)
5 282 =z 8 §F8z2 = 3
> >

D 1 2006-43 480-300 B 1 2006-45 340-460
E 1 2006-43 480-300 c 1 2006-45 340-460
AA 1 2006-45 80-100 J 2006-45 340-460
B |1 2006-45 80-100 P 1 2006-45 340-460
I 1 2006-45 80-100 v 1 2006-45 340-460
DD | 1 2006-45 80-100 B 1 2006-45 360-340
z 1 2006-45 80-100 L 1 2006-45 360-340
G 1 2006-45 60-80 U 1 2006-45 360-340
L 1 2006-45 60-80 Y | 1 2006-45 360-340
J 1 2006-45 60-80 AA | 1 2006-45 360-340
Al 2006-45 100-120  Q 1 2006-45 360-380
B | 1 2006-45 100-120 F 1 2006-45 360-380
G 1 2006-45 100-120 U 1 2006-45 360-380
F 1 2006-45 120-140 B 1 2006-45 380-400
K 2006-45 120-140 M 1 2006-45 380-400
M 2006-45 120-140 c 1 2006-45 320-340
B | 1 2006-45 140-160 F 1 2006-45 320-340
Q 1 2006-45 140-160 J 1 2006-45 320-340
H 1 2006-45 140-160 D 1 2006-45 320-340
E 1 2006-45 160-180 T 1 2006-45 320-340
F 1 2006-45 160-180| @Y 1 2006-45 320-340
G 1 2006-45 160-180 T 1 2006-45 320-340
R |1 2006-45 160-180 c 1 2006-45 400-420
B 2006-45 180-200 J 1 2006-45 400-420
E 2006-45 180-200 E 1 2006-45 420-440
K 2006-45 180-200 H 1 2006-45 420-440
(@) 1 2006-45 180-200

P 1 2006-45 180-200

BB 1 2006-45 180-200

Al 2006-45 200-220

D 1 2006-45 200-220

H 1 2006-45 200-220

I 1 2006-45 200-220

z 1 2006-45 200-220

BB 1 2006-45 200-220

GG 1 2006-45 200-220

D 1 2006-45 240-260

H 1 2006-45 240-260

N 1 2006-45 240-260

u 1 2006-45 240-260

HH | 1 2006-45 240-260

MM 1 2006-45 240-260

D 1 2006-45 260-280

L 1 2006-45 260-280

\Y 1 2006-45 260-280

BB 1 2006-45 260-280

FF 1 2006-45 260-280
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GcTg-6
GcTQg-6, continued (a)

w < — w < —
s 523 § & 2543 § E
s F z 2 1) s E zZz | 2 1)
5 2 8|2 = | 8 ||3 2|82 2| 8

) )

A 1 2006-67 40-60 L 1 2006-67 80-100
B 1 2006-67 40-60 M 1 2006-67 80-100
C 1 2006-67 40-60 N 1 2006-67 80-100
D 1 2006-67 40-60 O 1 2006-67 80-100
E 1 2006-67 40-60 P 1 2006-67 80-100
F 1 2006-67 40-60 Q 1 2006-67/ 80-100
G 1 2006-67 40-60 R 1 2006-67 80-100
H 1 2006-67 40-60 S 1 2006-67 80-100
I 1 2006-67 40-60 T 1 2006-67 80-100
J 1 2006-67 40-60 U 1 2006-67 80-100
K 1 2006-67 40-60 v 1 2006-67 80-100
L 1 2006-67 40-60 W, 1 2006-67 80-100
M 1 2006-67 40-60 X |1 2006-67 80-100
A 1 2006-67 60-80 Y 1 2006-67 80-100
B 1 2006-67 60-80 Z 1 2006-67 80-100
C 1 2006-67 60-80 A 1 2006-67 100-120
D 1 2006-67 60-80 B 1 2006-67 100-120
E 1 2006-67 60-80 C 1 2006-67 100-120
F 1 2006-67 60-80 D 1 2006-67 100-120
G 1 2006-67 60-80 E 1 2006-67 100-120
H 1 2006-67 60-80 F 1 2006-67 100-120
| 1 2006-67 60-80 G 1 2006-67 100-120
J 1 2006-67 60-80 H 1 2006-67 100-120
K 1 2006-67 60-80 | 1 2006-67 100-120
L 1 2006-67 60-80 J 1 2006-67 100-120
M 1 2006-67 60-80 K 1 2006-67 100-120
N 1 2006-67 60-80 L 1 2006-67 100-120
O 1 2006-67 60-80 M 1 2006-67 100-120
P 1 2006-67 60-80 N 1 2006-67 100-120
Q 1 2006-67 60-80 O 1 2006-67 100-120
R |1 2006-67 60-80 P 1 2006-67 100-120
S 1 2006-67 60-80 Q 1 2006-67 100-120
T 1 2006-67 60-80 R 1 2006-67 100-120
U 1 2006-67 60-80 S 1 2006-67 100-120
vV |1 2006-67 60-80 T 1 2006-67 100-120
W 1 2006-67 60-80 U 1 2006-67 100-120
Al 2006-67 80-100 Y 1 2006-67 100-120
B 1 2006-67 80-100 W 1 2006-67 100-120
C 1 2006-67 80-100 X |1 2006-67 100-120
D 1 2006-67 80-100 Y 1 2006-67 100-120
E 1 2006-67 80-100 zZ 1 2006-67 100-120
F 1 2006-67 80-100 A 1 2006-67 100-120
G 1 2006-67 80-100 B 1 2006-67 100-120
H 1 2006-67 80-100 C 1 2006-67 100-120
I 1 2006-67 80-100 D 1 2006-67 100-120
J 1 2006-67 80-100 E 1 2006-67 100-120
K 1 2006-67 80-100 F 1 2006-67 100-120
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GcTg-6, continued (b) GcTQg-6, continued ()
L = — L = —
s 543 § E 2% Y3 fF E
S = 2 2 %) S = 2 2 %)
5 282 =z 8 §8z2 = 3
> >
G 1 2006-67 100-120 D 1 2006-67 120-140
H 1 2006-67 100-120 E 1 2006-67 120-140
I 1 2006-67 100-120 F 1 2006-67 120-140
J 1 2006-67 100-120 G 1 2006-67 120-140
K 1 2006-67 100-120 H 1 2006-67 120-140
L 1 2006-67 100-120 | A 1 2006-67 140-160
M 1 2006-67 100-120 B 1 2006-67 140-160
N 1 2006-67 100-120 C 1 2006-67 140-160
O 1 2006-67 100-120 D 1 2006-67 140-160
P 1 2006-67 100-120 E 1 2006-67 140-160
Q 1 2006-67 100-120 F 1 2006-67 140-160
R 1 2006-67 100-120 G 1 2006-67 140-160
S 1 2006-67 100-120 H 1 2006-67 140-160
T 1 2006-67 100-120 I 1 2006-67 140-160
u 1 2006-67 100-120 J 1 2006-67 140-160
vV |1 2006-67 100-120 K 1 2006-67 140-160
w 1 2006-67 100-120 L 2006-67 140-160
X 1 2006-67 100-120 M 1 2006-67 140-160
Y 1 2006-67 100-120 N 1 2006-67 140-160
A 1 2006-67 120-140| @ O 1 2006-67 140-160
B | 1 2006-67 120-140 P 1 2006-67 140-160
c 1 2006-67 120-140  Q 1 2006-67 140-160
D 1 2006-67 120-140 R 1 2006-67 140-160
E 1 2006-67 120-140 S 1 2006-67 140-160
F 1 2006-67 120-140 T 1 2006-67 140-160
G 1 2006-67 120-140 u 1 2006-67 140-160
H 1 2006-67 120-140  V 1 2006-67 140-160
I 1 2006-67 120-140 W 1 2006-67 140-160
J 1 2006-67 120-140 @ X 1 2006-67 140-160
K 1 2006-67 120-140 Y 1 2006-67 140-160
L 1 2006-67 120-140 zZ 1 2006-67 140-160
M 1 2006-67 120-140 A 1 2006-67 140-160
N 1 2006-67 120-140 B 1 2006-67 140-160
O 1 2006-67 120-140 c 1 2006-67 140-160
P 1 2006-67 120-140 D 1 2006-67 140-160
Q 1 2006-67 120-140 = A 1 2006-67 160-180
R |1 2006-67 120-140 B 1 2006-67 160-180
S 1 2006-67 120-140 C 2006-67 160-180
T 1 2006-67 120-140 D 1 2006-67 160-180
u 1 2006-67 120-140 E 1 2006-67 160-180
\Y 1 2006-67 120-140 F 1 2006-67 160-180
w 1 2006-67 120-140 G 1 2006-67 160-180
X 1 2006-67 120-140 H 1 2006-67 160-180
Y 1 2006-67 120-140 I 1 2006-67 160-180
z 1 2006-67 120-140 J 1 2006-67 160-180
Al 2006-67 120-140 K 1 2006-67 160-180
B | 1 2006-67 120-140 L 1 2006-67 160-180
C 1 2006-67 120-140 = M 1 2006-67 160-180
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GcTg-6, continued (d) GCTQg-6, continued (€)
L = — L = —
s 543 § E 2% Y3 fF E
S = 2 2 %) S = 2 2 %)
5 282 =z 8 §8z2 = 3
> >
N 1 2006-67 160-180 n O 1 2006-67 200-220
O 1 2006-67 160-180 P 1 2006-67 200-220
P 1 2006-67 160-180  Q 1 2006-67 200-220
Q 1 2006-67 160-180 R 1 2006-67 200-220
R 1 2006-67 160-180 S 1 2006-67 200-220
S 1 2006-67 160-180 T 1 2006-67 200-220
T 1 2006-67 160-180 u 1 2006-67 200-220
Al 2006-67 180-200/ @ V @ 1 2006-67 200-220
B | 1 2006-67 180-200 | = W 1 2006-67 200-220
C 1 2006-67 180-200/ @ X @1 2006-67 200-220
D 1 2006-67 180-200| Y 1 2006-67 200-220
E 1 2006-67 180-200 z 1 2006-67 200-220
F 1 2006-67 180-200 = A 1 2006-67 200-220
G 1 2006-67 180-200 B 1 2006-67 200-220
H 1 2006-67 180-200 c 1 2006-67 200-220
I 1 2006-67 180-200 D 1 2006-67 200-220
J 1 2006-67 180-200 E 1 2006-67 200-220
K 1 2006-67 180-200 F 1 2006-67 200-220
L 1 2006-67 180-200 G 1 2006-67 200-220
M 1 2006-67 180-200 H 1 2006-67 200-220
N 1 2006-67 180-200 I 1 2006-67 200-220
O 1 2006-67 180-200 J 1 2006-67 200-220
P 1 2006-67 180-200 K 1 2006-67 200-220
Q 1 2006-67 180-200 L 1 2006-67 200-220
R 1 2006-67 180-200 M 1 2006-67 200-220
S 1 2006-67 180-200 N 1 2006-67 200-220
T 1 2006-67 180-200| & O 1 2006-67 200-220
u 1 2006-67 180-200 P 1 2006-67 200-220
\Y 1 2006-67 180-200  Q 1 2006-67 200-220
w 1 2006-67 180-200 R 1 2006-67 200-220
X 1 2006-67 180-200 | A 1 2006-67 220-240
Y 1 2006-67 180-200 B 1 2006-67 220-240
z 1 2006-67 180-200 c 1 2006-67 220-240
A 1 2006-67 180-200 D 1 2006-67 220-240
A 1 2006-67 200-220 E 1 2006-67 220-240
B |1 2006-67 200-220 F 1 2006-67 220-240
C 1 2006-67 200-220 G 1 2006-67 220-240
D 1 2006-67 200-220 H 1 2006-67 220-240
E 1 2006-67 200-220 I 1 2006-67 220-240
F 1 2006-67 200-220 J 1 2006-67 220-240
G 1 2006-67 200-220 K 1 2006-67 220-240
H 1 2006-67 200-220 L 1 2006-67 220-240
I 1 2006-67 200-220 M 1 2006-67 220-240
J 1 2006-67 200-220 N 1 2006-67 220-240
K 1 2006-67 200-220 £ O 1 2006-67 220-240
L 1 2006-67 200-220 P 1 2006-67 220-240
M 1 2006-67 200-220  Q 1 2006-67 220-240
N 1 2006-67 200-220 R 1 2006-67 220-240
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GcTg-6, continued (f) GcTg-6, continued (g)
L = — L = —
s 543 § E 2% Y35 §F E
= E 2 Z2 ) = = 2 2 )
3 $82 = 38 5382 = 3
> >
S 1 2006-67 220-240 I 1 2006-67 240-260
T 1 2006-67 220-240 J 1 2006-67 240-260
u 1 2006-67 220-240 K 1 2006-67 240-260
\Y 1 2006-67 220-240 L 1 2006-67 240-260
w 1 2006-67 220-240 = M 1 2006-67 240-260
X 1 2006-67 220-240 N 2006-67 240-260
Y 1 2006-67 220-240| @ O 1 2006-67 240-260
z 1 2006-67 220-240 P 1 2006-67 240-260
Al 2006-67 240-260 @ Q 1 2006-67 240-260
B | 1 2006-67 240-260 R 1 2006-67 240-260
C 1 2006-67 240-260 S 1 2006-67 240-260
D 1 2006-67 240-260 | T 1 2006-67 240-260
E 1 2006-67 240-260 u 1 2006-67 240-260
F 1 2006-67 240-260 V@1 2006-67 240-260
G 1 2006-67 240-260 = W 1 2006-67 240-260
H 1 2006-67 240-260 | = X 1 2006-67 240-260
GcTag-7
GcTQg-7, continued (a)
L = - L = -
s 523 § & 2543 § E
s FE =z 2 0 S E =z 2 )
5 82 = 38 3§82 = 3
> >
A 1 2006-64 60-80 K 1 2006-64  60-80
B | 1 2006-64 60-80 A 1 2006-64 80-100
c 1 2006-64 60-80 B 1 2006-64 80-100
D 1 2006-64 60-80 c 1 2006-64 80-100
E 1 2006-64 60-80 D 1 2006-64 80-100
F 1 2006-64 60-80 E 1 2006-64 80-100
G 1 2006-64 60-80 F 1 2006-64 80-100
H 1 2006-64 60-80 G 1 2006-64 80-100
I 1 2006-64 60-80 H 1 2006-64 80-100
J 1 2006-64 60-80 I 1 2006-64 80-100
K 1 2006-64 60-80 J 1 2006-64 80-100
Al 2006-64 60-80 K 1 2006-64 80-100
B | 1 2006-64 60-80 L 1 2006-64 80-100
c 1 2006-64 60-80 M 1 2006-64 80-100
D 1 2006-64 60-80 N 1 2006-64 80-100
E 1 2006-64 60-80 A 1 2006-64 100-120
F 1 2006-64 60-80 B 1 2006-64 100-120
G 1 2006-64 60-80 c 1 2006-64 100-120
H 1 2006-64 60-80 D 1 2006-64 100-120
I 1 2006-64 60-80 E 1 2006-64 100-120
J 1 2006-64 60-80 F 1 2006-64 100-120
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GcTag-7, continued (b) GcTQg-7, continued ()
L = — L = —
s 543 § E 2% Y3 fF E
S = 2 2 %) S = 2 2 %)
5 282 =z 8 §8z2 = 3
> >
G 1 2006-64 100-120 c 1 2006-64 160-180
H 1 2006-64 100-120 D 1 2006-64 160-180
I 1 2006-64 100-120 E 1 2006-64 160-180
J 1 2006-64 100-120 F 1 2006-64 160-180
K 1 2006-64 100-120 G 1 2006-64 160-180
L 1 2006-64 100-120 H 1 2006-64 160-180
M 1 2006-64 100-120 I 1 2006-64 160-180
N 1 2006-64 100-120 J 1 2006-64 160-180
o 1 2006-64 100-120 K 1 2006-64 160-180
P 1 2006-64 100-120 L 1 2006-64 160-180
Q 1 2006-64 100-120 M 1 2006-64 160-180
Al 2006-64 120-140 N 1 2006-64 160-180
B 1 2006-64 120-140 | O 1 2006-64 160-180
c 1 2006-64 120-140 P 1 2006-64 160-180
D 1 2006-64 120-140  Q 1 2006-64 160-180
E 1 2006-64 120-140 R 1 2006-64 160-180
F 1 2006-64 120-140 S 1 2006-64 160-180
G 1 2006-64 120-140 T 1 2006-64 160-180
H 1 2006-64 120-140 u 1 2006-64 160-180
I 1 2006-64 120-140 =V 1 2006-64 160-180
J 1 2006-64 120-140 | W 1 2006-64 160-180
K 1 2006-64 120-140 @ X 1 2006-64 160-180
L 1 2006-64 120-140 ' Y 1 2006-64 160-180
A 1 2006-64 140-180 zZ 1 2006-64 160-180
B 1 2006-64 140-180 | AA 1 2006-64 160-180
c 1 2006-64 140-180| BB 1 2006-64 160-180
D 1 2006-64 140-180| CC 1 2006-64 160-180
E 1 2006-64 140-180| DD 1 2006-64 160-180
F 1 2006-64 140-180| EE 1 2006-64 160-180
G 1 2006-64 140-180 | | FF 1 2006-64 160-180
H 1 2006-64 140-180 |GG 1 2006-64 160-180
I 1 2006-64 140-180| # HH 1 2006-64 160-180
J 1 2006-64 140-180 I 1 2006-64 160-180
K 1 2006-64 140-180|  JJ 1 2006-64 160-180
L 1 2006-64 140-180| KK 1 2006-64 160-180
M 1 2006-64 140-180 @ A 1 2006-64 180-200
N 1 2006-64 140-180 B 1 2006-64 180-200
o 1 2006-64 140-180 C 1 2006-64 180-200
P 1 2006-64 140-180 D 1 2006-64 180-200
Q 1 2006-64 140-180 E 1 2006-64 180-200
R |1 2006-64 140-180 F 1 2006-64 180-200
S 1 2006-64 140-180 G 1 2006-64 180-200
T 1 2006-64 140-180 H 1 2006-64 180-200
U 1 2006-64 140-180 I 1 2006-64 180-200
\Y 1 2006-64 140-180 A 1 2006-64 200-220
w 1 2006-64 140-180 B 1 2006-64 200-220
A 1 2006-64 160-180 c 1 2006-64 200-220
B | 1 2006-64 160-180 D 1 2006-64 200-220
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GcTg-7, continued (d) GcTQg-7, continued (€)
L = — L = —
s 543 § E 2% Y3 §F E
S = 2 2 %) S = 2 2 %)
3 $82 = 38 5382 = 3
> >
E 1 2006-64 200-220 D 1 2006-64 240-260
F 1 2006-64 200-220 = A 1 2006-64 260-280
A1l 2006-64 240-260 B 1 2006-64 260-280
B |1 2006-64 240-260 C 1 2006-64 260-280
c 1 2006-64 240-260 D 1 2006-64 260-280
D 1 2006-64 240-260 @ A 1 2006-64 280-290
E 1 2006-64 240-260 B 1 2006-64 280-290
Al 2006-64 240-260 c 1 2006-64 280-290
B | 1 2006-64 240-260 D 1 2006-64 280-290
c 1 1 2006-64 240-260
GcTag-9
GcTQg-9, continued (a)
w < — w < —
s 48 & B s 48 & &
E z Z 2 0 E z Z 2 7
$ 8 2 = a $ 8 2 = Q
> >
1 2006-50, 60-80 1 2006-50, 120-140
1 2006-50, 60-80 1 2006-50, 120-140
1 2006-50, 80-100 1 2006-50, 120-140
1 2006-50 80-100 1 2006-50, 120-140
1 2006-50, 80-100 1 2006-50 120-140
1 2006-50 80-100 1 2006-50, 120-140
1 2006-50, 80-100 1 2006-50, 120-140
1 2006-50 80-100 1 2006-50, 120-140
1 2006-50, 80-100 1 2006-50, 120-140

=

2006-50 80-100
2006-50 100-120
1 2006-50' 100-120

2006-50 120-140
2006-50 120-140
2006-50 120-140

MMUOUO®>r X —IOMMOOI®>IOTMMIO®m>w>» SAMPLE
'_\
FrXoe—IOTMMmMOUoowr>»<cCcHA0WITOUTOZZIr Xa—I6O SAMPLE
PR PR

1 2006-50 100-120 2006-50 120-140
1 2006-50' 100-120 1 |2006-50 120-140
1 2006-50 100-120 1 2006-50 120-140
1 2006-50' 100-120 1 2006-50 120-140
1 2006-50 100-120 1 2006-50 120-140
1 2006-50' 100-120 1 2006-50 120-140
1 2006-50 100-120 1 2006-50 120-140
1 2006-50' 100-120 1 2006-50 120-140
1 2006-50 100-120 1 2006-50 120-140
1 2006-50' 100-120 1 2006-50 120-140
1 2006-50 120-140 1 2006-50 120-140
1 2006-50' 120-140 1 2006-50 120-140

1 2006-50 120-140 1 2006-50 120-140
1 2006-50' 120-140 1 2006-50 120-140
1 2006-50 120-140 1 2006-50 120-140
1 2006-50' 120-140 1 2006-50 120-140
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GcTg-9, continued (b)

CHANITOUTVOZEIrRe—ITOTMMOUOBEBPANITIOUTVOZZIr"Rae—IOMMOUOT>nNIOTOZZ SAMPLE

MATURE

=

e

SENILE

(R

P RRrRRPR PR

N

UNKNOW

AUGER
DBS[cm]

2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
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GcTQg-9, continued ()

CH0TO0TVOZErRA—IOTMMUO®>CHnNITOTVOZE-~ A —IOTMMIO®>FTN<XZ< SAMPLE
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PRrPRrPR (RrRrRrRPrR P RRRR [ MATURE

e

PR R e

SENILE

=

N

UNKNOW

AUGER
DBS[cm]

2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
2006-50 120-140
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GcTg-9, continued (d)
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GcTQg-9, continued (€)

L = — L = —
n n
5 282 =z 8 §58z2 = 3
> >
vV |1 2006-50120-140 F 1 2006-50120-150
w 1 2006-50120-140 G 1 2006-50120-150
X 1 2006-50120-140 H 1 2006-50120-150
Y 1 2006-50120-140 I 1 2006-50120-150
z 1 2006-50120-140 J 1 2006-50120-150
AA 1 2006-50120-140 K 1 2006-50 120-150
A 1 2006-50120-150 L 1 2006-50120-150
B | 1 2006-50120-150 M 1 2006-50120-150
c 1 2006-50120-150 N 1 2006-50120-150
D 1 2006-50120-150 O 1 2006-50 120-150
E 1 2006-50120-150
GcTg-13
GcTg-13, continued (a)
L = — L = —
n n
5 282 =z 8 §F8z2 = 3
> >
Al 2006-51 60-80 P 1 2006-51 100-120
B | 1 2006-51 60-80 A 1 2006-51 120-140
c 1 2006-51 60-80 B 1 2006-51 120-140
D 1 2006-51 60-80 C 1 2006-51 120-140
A 1 2006-51 80-100 D 1 2006-51 120-140
B | 1 2006-51 80-100
c 1 2006-51 80-100
D 1 2006-51 80-100
E 1 2006-51 80-100
F 1 2006-51 80-100
G 1 2006-51 80-100
H 1 2006-51 80-100
A 1 2006-51 100-120
B 1 2006-51 100-120
c 1 2006-51 100-120
D 1 2006-51 100-120
E 1 2006-51 100-120
F 1 2006-51 100-120
G 1 2006-51 100-120
H 1 2006-51 100-120
I 1 2006-51 100-120
J 1 2006-51 100-120
K 1 2006-51 100-120
L 1 2006-51 100-120
M 1 2006-51 100-120
N 1 2006-51 100-120
o 1 2006-51 100-120
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GcTg-11
GcTg-11, continued (a)
L < — L < —
w 0
3|3|B|2| 2| 8 [|5|2|8|2]| =2 | &
D D
A 1 2006-59 80-100 Q 1 2006-59 180-200
A 1 2006-59 100-120 R 1 2006-59 180-200
B 1 2006-59 100-120 S 1 2006-59 180-200
C 1 2006-59 100-120 T 1 2006-59 180-200
D 1 2006-59 100-120 U 1 2006-59 180-200
E 1 2006-59 100-120 \% 1 2006-59 180-200
A 1 2006-59 120-140 A 1 2006-59 200-220
B 1 2006-59 120-140 B 1 2006-59 200-220
C 1 2006-59 120-140 cC 1 2006-59 200-220
D 1 2006-59 120-140 D 1 2006-59 200-220
E 2006-59 120-140 E 1 2006-59 200-220
F 1 2006-59 120-140 F 1 2006-59 200-220
G 1 2006-59 120-140 G 1 2006-59 200-220
H 1 2006-59 120-140 H 1 2006-59 200-220
A 1 2006-59 140-160 I 1 2006-59 200-220
B 1 2006-59 140-160 J 1 2006-59 200-220
C 1 2006-59 140-160 K 1 2006-59 200-220
D 1 2006-59 140-160 L 1 2006-59 200-220
E 1 2006-59 140-160 M 1 2006-59 200-220
F 1 2006-59 140-160 A 1 2006-59 200-220
G 1 2006-59 140-160 B 1 2006-59 200-220
A 1 2006-59 160-180 cC 1 2006-59 200-220
B 1 2006-59 160-180 D 1 2006-59 200-220
C 1 2006-59 160-180 E 1 2006-59 200-220
D 1 2006-59 160-180 F 1 2006-59 200-220
E 1 2006-59 160-180 G 1 2006-59 200-220
F 1 2006-59 160-180 H 1 2006-59 200-220
G 1 2006-59 160-180
H 1 2006-59 160-180
I 1 2006-59 160-180
J 1 2006-59 160-180
A 1 2006-59 180-200
B 1 2006-59 180-200
C 1 2006-59 180-200
D 1 2006-59 180-200
E 1 2006-59 180-200
F 1 2006-59 180-200
G 1 2006-59 180-200
H 1 2006-59 180-200
I 1 2006-59 180-200
J 1 2006-59 180-200
K 1 2006-59 180-200
L 1 2006-59 180-200
M 1 2006-59 180-200
N 1 2006-59 180-200
O 1 2006-59 180-200
P 1 2006-59 180-200

219



Ph.D. Thesis- M. Burchell McMaster University - Anthropology

GcTr-5
GcTr-5, continued (@)
L = — L = —
s 543 § E 2% Y3 §F E
S = 2 2 %) S = 2 2 %)
3 $82 = 38 582 = 3
> >

A 1 05-12 | 308-336 D 1 05-13 = 252-280
B 1 05-12 | 308-336 E 1 ' 0513  252-280
c 1 05-12 | 308-336 F 1 ' 0513  252-280
D 1 05-12 | 308-336 G 1 ' 0513 252-280
E 1 05-12 | 308-336 H 1 05-13 = 252-280
F 1 05-12 308336 @A | 1 05-13 = 280-308
A 1 05-13 = 28-56 B 1 ' 0513 280-308
B 1 05-13 = 28-56 c 1 05-13 = 280-308
C 1 05-13 = 28-56 D 1 ' 0513 280-308
D 1 | 0513  28-56 E 05-13 = 280-308
E 1 05-13 = 28-56 F 05-13 = 280-308
F 1 | 0513  28-56 G 05-13 = 280-308
G 1 05-13 = 28-56 H 1 ' 0513 280-308
H 1 05-13 = 28-56 I 1 05-13 = 280-308
I 1 | 0513 @ 28-56 J 1 05-13 = 280-308
J 1 05-13  28-56 K 1 05-13 = 280-308
K 1 05-13 = 28-56 L 1 05-13 = 280-308
L 1 | 0513  28-56 05-13 = 280-308
M 1 05-13 = 28-56 A 1 05-13 = 308-336
N 1 05-13 = 28-56 B 1 05-13 = 308-336
O 1 05-13 = 28-56 c 1 05-13 = 308-336
P 1 05-13 = 28-56 D 1 05-13 = 308-336
Q 1 05-13 = 28-56 E 1 05-13 = 308-336
Al 05-13 | 112-140 F 1 05-13 = 308-336
B | 1 05-13 | 112-140 G 1 05-13 = 308-336
C 1 05-13 | 112-140 H 1 05-13 = 308-336
D 1 05-13 | 112-140 05-13 = 336-343
E 1 05-13 1 112-140 @ A 1 0514 56-84
F 1 ' 0513  112-140 B 1 05-14  56-84
G 1 05-13 | 112-140 C 1 0514 56-84
H 1 ' 0513  112-140 D 1 05-14  56-84
I 1 05-13 | 112-140 E 1 05-14  56-84
J 1 05-13 | 112-140 F 1 05-14  56-84
K 1 05-13 1 112-140 @ A 1 05-14  84-112
L 1 05-13 | 112-140 B 1 05-14  84-112
05-13 ' 168-196 C 1 0514 84-112
A 1 05-13 | 196-224 D 1 05-14  84-112
B | 1 05-13 | 196-224 E 1 05-14  84-112
C 1 ' 0513  196-224 F 1 05-14  84-112
D 1 05-13 1 196-224| G 1 0514 84-112
A 05-13 | 224-252 H 1 0514 84-112
B 1 05-13 | 224-252 I 1 05-14  84-112
c 1 05-13 | 224-252 J 1 05-14  84-112
D 1 05-13 | 224-252 K 1 05-14  84-112
Al 05-13 | 252-280 L 1 05-14  84-112
B | 1 05-13 1 252-280 M 1 05-14  84-112
C 1 05-13 | 252-280 N 1 05-14  84-112
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GcTr-5, continued (b) GcTr-5, continued ()
L = — L = —
s 543 § E 2% Y3 fF E
S = 2 2 %) S = 2 2 %)
5 282 =z 8 §8z2 = 3

> >
o 1 05-14 = 84-112 D 1 ' 0514 308-346
P 1 05-14 = 84-112 E 1 0514 308-346
Q 1 05-14 = 84-112 F 1 05-14 = 308-346
R 1 0514  84-112 G 1 05-14 = 308-346
S 1 05-14 = 84-112 H 1 ' 0514 308-346
T 1 0514  84-112 I 1 05-14 = 308-346
U 1 0514 84-112 J 1 05-14 = 308-346
vV |1 05-14 = 84-112 K 1 05-14 = 308-346
w 1 0514 84-112 L 1 05-14 = 308-346
X 1 05-14 = 84-112 A 1 0514 346-374
Y 1 05-14 @ 84-112 B 1 05-14 = 346-374
z 1 05-14 = 84-112 C 1 05-14 = 346-374
AA 1 05-14 @ 84-112 D 1 05-14 = 346-374
BB 1 05-14 = 84-112 E 1 0514 346-374
A 1 05-14 ' 140-168 F 1 05-14 = 374-402
B 1 0514 140-168 | A 1 05-15 = 168-196
C 1 05-14 ' 140-168 B 1 05-15 168-196
D 1 ' 0514 140-168 C 1 05-15 = 168-196
E 1 ' 0514 140-168 D 1 05-15 @ 168-196
F 1 05-14 ' 140-168 E 1 0515 168-196
G 1 05-14 ' 140-168 F 1 0515 168-196
H 1 ' 0514 140-168 G 1 05-15 @ 168-196
I 1 05-14 ' 140-168 H 1 05-15 @ 168-196
J 1 05-14 ' 140-168 I 1 05-15 = 168-196
K 1 05-14 ' 140-168 J 1 05-15 @ 168-196
L 1 05-14 140168 A 1 05-15 = 196-224
M 1 05-14 ' 140-168 B 1 05-15 @ 196-224
N 1 ' 0514 140-168 c 1 05-15 = 196-224
Al 05-14 ' 168-196 D 1 05-15 @ 196-224
B |1 05-14 168-19% @A 1 05-15 = 224-252
C 1 05-14 ' 168-196 B 1 05-15 @ 224-252
D 1 05-14 ' 168-196 c 1 05-15 = 224-252
E 1 05-14 ' 168-196 D 1 05-15 = 224-252
A 1 05-14 | 224-252 E 1 05-15 = 224-252
B 1 ' 0514 224-252 F 1 05-15 @ 224-252
C 1 ' 0514 224-252 G 1 0515  224-252
D 1 ' 0514 224-252 H 1 05-15 @ 224-252
E 1 05-14 | 224-252 I 1 05-15 = 224-252
F 1 05-14 | 224-252 J 1 05-15 = 224-252
Al 05-14 | 252-280 K 1 0515  224-252
B | 1 05-14  252-280 @ A 1 ' 0515 252-280
C 1 05-14 | 252-280 B 1 0515 252-280
D 1 05-14 ' 252-280 cC 1 05-15 = 252-280
E 1 ' 0514 252-280 D 1 05-15 = 252-280
05-14 ' 280-308 E 1 05-15 = 252-280
A 1 0514 308346 | A 1 05-15 = 280-308
B | 1 05-14 ' 308-346 B 1 05-15 = 280-308
C 1 05-14 ' 308-346 C 1 ' 0515  280-308
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GCTr-5, continued (c)

8 WrEOTMMOO ®m> mmo SAMPLE

OW®>MUOUO0OT®>»—IOTMMOO®T>» > SAMPLE

MATURE

=

1
[ep}

MATURE

SENILE

(=Y

[N

SENILE

P

N

UNKNOW

[

[

UNKNOWN

[N

AUGER

05-15
05-15
05-15
05-15
05-15
05-15
05-15
05-15
05-15
05-15
05-15
05-15
05-15

AUGER

05-35
05-35
05-35
05-35
05-35
05-35
05-35
05-35
05-35
05-35
05-35
05-35
05-35
05-35
05-35
05-35
05-35
05-35
05-35

DBS[cm]

280-308
280-308
280-308
28-56
308-336
308-336
308-336
308-336
308-336
308-336
308-336
336-364
336-364

DBS[cm]

140-168
140-168
168-196
168-196
168-196
168-196
168-196
168-196
168-196
168-196
168-196
224-252
224-252
224-252
224-252
224-252
252-269
252-269
252-269

McMaster University - Anthropology

222



Ph.D. Thesis- M. Burchell McMaster University - Anthropology

GcTr-8
GcTr-8, continued (@)
w < — w < —
s 523 § & 2543 § E
s F z 2 1) s E zZz | 2 1)
5 2 8|2 = | 8 ||3 2|82 2| 8
) )
Al 2006-62 60-80 Q1 2006-62 140-160
B 1 2006-62 60-80 R 1 2006-62 140-160
c 1 2006-62 60-80 S 1 2006-62 140-160
A 1 2006-62 100-120 T 1 2006-62 140-160
B | 1 2006-62 100-120 u 1 2006-62 140-160
C 1 2006-62 100-120 \% 1 2006-62 140-160
D 1 2006-62 100-120 W 1 2006-62 140-160
A 1 2006-62 100-120 X 1 2006-62 140-160
B | 1 2006-62 100-120| ' Y 1 2006-62 140-160
C 1 2006-62 100-120 Z 1 2006-62 120-140
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E 1 05-04 ' 168-196 B 1 05-08 | 140-168
F 1 | 05-04 | 168-196 C 1 05-08 | 140-168
A1l 05-04 196-224| A 1 05-08 | 168-196
B | 1 05-04 ' 196-224 B 1 05-08 | 168-196
C 1 05-04 ' 196-224 C 1 05-08 | 168-196
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cC 1 05-38 | 252-280 B 1 ' 0539 168-196
D 1 05-38 | 252-280 C 1 ' 0539 168-196
E 1 05-38 | 252-280 D 1 05-39 = 168-196
F 1 05-38 | 252-280 E 1 05-39 = 168-196
G 1 05-38 | 252-280 F 1 05-39 = 168-196
H 1 05-38 | 252-280 G 1 05-39 = 168-196
I 1 05-38 | 252-280 H 1 05-39 = 168-196
J 1 05-38 | 252-280 I 1 05-39 = 168-196
A 1 05-38 ' 280-308 J 1 05-39 = 168-196
B 1 05-38 ' 280-308 K 1 05-39 = 168-196
C 1 05-38 ' 280-308 L 1 05-39 = 168-196
D 1 05-38 280-308 A 1 05-39 = 196-224
Al 05-38 ' 308-336 B 1 05-39 = 196-224
B 1 05-38 ' 308-336 C 1 05-39 = 196-224
c 1 05-38 ' 308-336 D 1 05-39 = 196-224
D 1 05-38 ' 308-336 E 1 05-39 = 196-224
E 1 05-38 ' 308-336 F 1 ' 0539 196-224
F 1 05-38 ' 308-336 G 1 05-39 = 196-224
G 1 ' 05-38  308-336 H 1 ' 0539  196-224
A 1 05-38 ' 336-364 I 1 05-39 = 196-224
B 1 05-38 ' 336-364 J 1 05-39 = 196-224
c 1 05-38  336-364 @ A 1 05-39 = 224-252
A 1 05-38 ' 364-392 B 1 05-39 = 224-252
B 1 05-38 ' 364-392 C 1 ' 0539  224-252
C 1 ' 05-38  364-392 D 1 05-39 = 224-252
D 1 05-38 | 364-392 E 1 05-39 = 224-252
E 1 0538 364-392 | A 1 05-39 = 252-280
F 1 05-38 ' 364-392 B 1 05-39 = 252-280
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