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The methodological and theoretical considerattbas must be addressed when
excavating the traditional longhouses of the Hilgtion peoples who lived in the Pacific
Northwest region are the foci of this thesis. Téngé amount of faunal data contained
within the remains of houses require the use ofi@kgustifiable sampling strategies;
however, the methods used to sample these dwelirggsot generally a central research
focus. A sampling simulation of faunal data recedeirom the excavation of numerous
houses from the village site of Ozette is the eimglibasis of this research, and provides
a method for examining the efficacy of differentngde strategies. Specifically, the
effects of sample size and sample method on richmektive abundance and the
interpretation of status using faunal data arestigated. The results are of heuristic
value for future household archaeology on the Neest Coast and suggest alternative
sampling methods which attempt to cope with thelabntensive research generally

required for shell-midden archaeology.
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Chapter 1: Introduction
The longhouse, the traditional dwelling of many tharest Coast (NWC) First

Nations, is a central research focus for many awalogists studying this region. This is
due, in large part, to the fact that these dwedimgre fundamental to the overlapping
economic, social, political, and cosmological spsesf NWC inhabitants (Ames and
Maschner 1999). Excavations of these dwellingscations where relationships between
individuals and groups are visible in the matemalord — can provide important
information about daily and ritual practices of kebold members. Faunal data is one
particularly important source of evidence which barused to understand many aspects
of past life on the NWC. Research into archaeoklg&amples of these dwellings has
occurred for over forty years, yet despite the alauce of ethnohistoric accounts which
reference these dwellings and their inhabitantsgetis still relatively little known about
how households functioned during the pre-contasbddAmes 2006).

There appear to be two primary yet related reasdryslarge gaps in our
knowledge of these dwellings still exist. Firstiye size of the longhouse, in combination
with the data-rich nature of these house floorguires more time, labour, and money
than is usually available to excavate the entiegiapextent of a house floor and
therefore understand the range of behaviours agsdcivith a particular household.
Shell-midden house floors are particularly problamia this respect, as the quantity of
fauna contained within them requires significamtdito excavate and analyze, and yet is
an important source of evidence that can indidaeattivities of household members.
Secondly, and presumably because of the reasoreaboly a few houses, numbering

under 20, have actually been extensively excawatttdinter- and intra-household



dynamics in mind. This represents a very small exieal sample for such a large and
culturally diverse region. As a first step to adhiag these issues, this thesis will
articulate and critique exactly how these problé&age been approached in the past.
Simply identifying issues does not solve them, enorder to consider potential
solutions to the issues mentioned above, a samgimglation of faunal data from three
houses from the Ozette site was undertaken. Otettted on what is now the west
coast of the Olympic Peninsula in Washington Siatetitical to archaeologists'
understanding of houses on the NWC because itéws éxtensively researched. The
entire spatial extent of three houses was excayatetifauna, artifacts and perishable
material from each of these houses analyzedalinmich larger sample when compared
to other excavated house deposits on the NWC, sathaling simulation of the faunal
data essentially allows one to ask: "How much tkas the entire extent of a house floor
has to be excavated in order to accurately undetspecific parameters of the faunal
assemblage from each house at Ozette?" Testingesatngtegies on three houses that
have different occupational histories, as is treec#t Ozette, allows for the evaluation of
different sample strategies and how these may be ordess optimal at each house.
Although it is unlikely that other houses on the B\WWhare precisely the same spatial
distribution of faunal elements as any of the Gzhtiuses, iis likely that the
heterogeneity and complexity of faunal distribui@t Ozette are of a similar scale to
houses at other sites in this region. As suchpgbBag simulation has heuristic value for
future excavations throughout this region, partidyi for shell-midden house floor

excavations.



Sampling simulations using the Ozette data wibwlfor the investigation of two
related effects: the effect of sample size anceffext of sample method. Sample sizes
evaluated in this thesis range from approximately®of a house floor to approximately
40% of a house floor; the sample methods evaluat#dde simple random sampling,
systematic sampling and judgmental sampling. Thextf of sample size and method
will be investigated with respect to three resedocin

1. How do sample size and sample method affect theegs (the number of
different taxa identified) of a sample when compaean entire house floor?

2. How do sample size and sample method affect tlativelabundance of taxa
when compared to the data from an entire house#loo

3. How do sample size and sample method affect tieepreatation of household
dynamics? Specifically, how do the sample sizesamdple method affect the
interpretation of inter- and intra-house status?

Whether or not a specific sample strategy perfamise same manner or in a different

manner at each of the houses at Ozette will alsobsidered during each of the above

analyses.

1.1 Thesis Organization
In Chapter 2, | summarize some of the major reseiato the NWC longhouse,

beginning with ethnohistoric accounts of these tlngs. The major archaeological
research into house remains is then presentedhanarious frameworks used to
interpret these structures are discussed. Thigehapncludes with an in-depth
investigation into the methodological issues inhene excavating houses on the NWC.

In the following chapter — Chapter 3 — samplinghod and theory are discussed.
A general overview of sampling, including definit®and methods, serves as an

introduction to this topic. | then discuss differ@methods used to indicate whether or not



sample size is influencing the composition of aseathlage. These methods include the
sampling to redundancy approach, the rarefactigpnogeh, and the regression approach.
The effects of sample configurations (i.e., sangplategies) are also discussed in this
chapter, using the Modifiable Areal Unit ProblemMAUP. This conceptual framework
is applied in order to consider how the aggregadioexcavation units may affect the
interpretation of spatial data. The MAUP arises whgbitrary boundaries, rather than
meaningful boundaries, are imposed upon spatial\ahtch are not point-provenienced.
The MAUP must therefore be addressed before saggiimulations can be executed, as
explained in Chapter 5.

In Chapter 4 | summarize the limited research wia#len which has explicitly
focused on sampling issues on the NWC. Subsequéméysample strategies used to
excavate houses and the rationale for such stest@ge presented. It is argued in this
chapter that ethnohistoric observations of inegyalithin and between houses in a
village have been used as a central guiding pr@c¢ipough which many sampling
strategies have been designed.

Chapter 5 describes the methods used to exeauggisg simulations on the
Ozette faunal data. Initially, the faunal databiasen Ozette had to be manipulated in
order to address differential excavation strategmssing data, and the MAUP. The
resultant database was given spatial referencg @l software. Finally, specific
sample strategies, both probabilistic and judgmewere selected for evaluation.

In Chapter 6 | present the results of a compar@$dhe richness of samples to the
richness of an entire house. The differences andasities between various judgmental

and probabilistic samples with respect to theiligitio detect the number of taxa within



a given house are presented and discussed. Thiemshap between sample size and the
number of different taxa identified is also analyze

Chapter 7 presents the results of a comparisaveleet the relative abundance of
a taxon in a sample and its actual relative aburelaneach house. Rather than examine
each sample in its entirety, the sample is dividéal three classes of fauna (mammals,
fish and shellfish), as this is a common analytpralcedure when studying
zooarchaeological remains. The effectiveness afra¢gample strategies are evaluated
based on these classes in order to observe whathet there is congruence among all
classes of data. As with Chapter 6, the effectaf@e size and sample method on the
data will be discussed.

Chapter 8 considers whether sample strategieaaamately detect the quantity
and abundance of fauna which are thought to beatige of status. Decorative,
ceremonial, and symbolic (D/C/S) shellfish, whaled the relative abundance of salmon
and halibut remains have all been used as proxeace for status differences between
and within houses at Ozette (Samuels 1994). Thasables are scrutinized in each
sample to observe whether or not they accuratelytify inter- and intra-house
differences in status.

In Chapter 9, | begin with a synthesis and disomssf the results, commenting
on critical sample sizes needed to investigate ehtte research questions delineated
above. Similarities and differences between prdlstioiand judgmental sampling
methods and differences between houses will alsmbsidered. Finally, the
implications of this research, its limitations aagenues of future research will be

discussed.



Chapter 2: The Northwest Coast Longhouse

In this chapter | outline the importance of the $mand the household and how
these have previously been studied on the North@east (NWC), both by
archaeologists and ethnographers. | begin withadtistoric descriptions of the house, as
these are less obscure than most archaeologicalpes. | then summarize some of the
major archaeological investigations into housestgming this discussion with an
introduction to household archaeology. Finallyphsider the theoretical frameworks that
are used to interpret the remains of houses, dsawéhe methodological issues inherent

in "doing" household archaeology on the NWC.

2.1 Ethnographic Context
The longhouse, also known as the "big house" @rilphouse”, has been

described in detail in many ethnohistoric acco(etg., Barett 1938; Boas 1888, 1966;
Drucker 1951, 1955); these accounts and otheralsoesynthesized in more recent
publications (e.g., Gahr 2006; Mauger 1991:127-8n8, references within; Suttles
1991). The longhouse had many functions includifigad-processing and storage plant
... aworkshop, recreation center, temple, theatré fartress" (Suttles 1991:214) and as
such was central to almost all aspects of daigydifi the NWC. These dwellings were
often found grouped together as part of a village were generally aligned in one or
two rows facing the water. They were rectangulasqurare in shape, and varied in size
from eight by ten meters to as large as 200 matdength (Gahr 2006).

The internal architecture of these houses wasbkriand may have included
small, hip-level walls, as well as boxes or bench#of which served to delineate

different nuclear family living areas (Figure 1)pically, a bench or sleeping zone



would be found around the interior perimeter of theise. The floor of the house varied
within and between houses, and may have consi$tgdrks, or a raised platform; some
houses even had a sub-floor storage facility dtmtime central area of the house

(Drucker 1955). The separation of the house intdear family living areas, was

R ! % | B I.Ini R ] ik
1 [’ 1 \
i II L

Figure 1. Interior of a Nootkan longhous€ourtesy University of Washington Libraries, Spécia
Collections, NA3918.

conceptualized with strict boundaries in mind, alihh these separations did not
necessarily translate into codified architecturaisions. These strict conceptual
boundaries were often related to status, as theehwas one of the primary locations
where the communication and reinforcement of tleeanchical nature of NWC society
occurred. The several families that inhabited tmgghouse were generally allocated
space based on their social status within the hmide

The principal family spaces were allotted accordmgn invariable system. The

nominal owner of the house, that is, the chieheflineage, occupied the right rear

corner ("right” being used according to the natiwacept of the speaker standing

inside the house facing the door)...The chief nexank, usually a brother or other
close kinsman occupied the opposite corner. Theersito the right and left of the



door were similarly places of honor, and occupigather important branches of
the lineage, and if the group was a large onetvibecentral places along each side,
simply called "middle spaces"...were assigned tordbn@nches of the family.
[Drucker 1951:71}.
The spaces of the higher social status occupamntsiwenuch closer proximity to the
fundamental structural components of the housfacKing physical partitions, portions
of the houses structures [i.e. corner posts andrrafipport posts] served as reference
points for the conceptual territories within theadimg. Among the Katzie (Jenness
1955:7), Songish (Boas 1890:564) and Lummi (St&3%131), for example, rafter
support posts marked social subunits” (Mauger 1981:165). The low status spaces
lacked these architectural cues because they wehe imiddle of the house, and as such
were almost certainly liminal spaces whose boundad/ownership were more difficult
to define.

There existed variability in house constructioyflestvithin the region. Drucker
(1955:67-71), for example, identified five houspdy defined by their approximate
geographic distribution within the NWC region tiratluded the Northern, Wakashan,
shed-roof, Chinook-Oregon and Lower Klamath hoypeg. The differences between
these types resided mainly with the differenceth@placement and configuration of
posts, roof style, and organization of internalcgpdackie and Williamson (2003)
illustrate that defining house types based on ggadc sub-regions may be problematic,
given that several construction methods were ustdnione village (Kiix?in) in Barkley

Sound on the west coast of Vancouver Island. Thiabisity of house types, and more

generally between different NWC cultures, is oftdascured because the most detailed

! In this quote, Drucker is referring specificaltyNootkan social organization.



ethnohistoric accounts (e.g., Drucker 1951) arensously assumed to be describing
pan-Northwest Coast phenomena (Ames 2005).

Both ethnohistoric and archaeological evidenceciugi that house location,
house form and the household itself were in masgsatable over long periods of time
(Ames 2006; Grier 2006; Suttles 1991). Househottgegally consisted of individuals
who resided within the same house (Wike 1958). €thsographically-observed
correlation between household membership and ¢demse within a single house is
important, as the house becomes the location vthereconomic and social relationships
of individuals who comprised a household were nestéd (Ames 1994; Wike 1958).
This is especially useful for archaeologists, who and do) infer that the remains of a
single house represent the activities of a singleskhold or co-operative gro@ifhe
individuals cohabiting a single dwelling were tHere part of a group which "form[ed]
the next bigger thing on the social map after aividual" (Hendon 1996:47).
Interpreting the archaeological record in contextere household membership may not
have been commensurate with cohabitation may Hdagratic; however, this is unlikely

to be the case on the NWC.

2.2 Household Archaeology
In archaeology, the domestic dwelling is oftenestigated under the rubric of

household archaeology. Household archaeologyétasively recent developmeént
formally introduced by Wilk and Rathje (1982), waibempted to bridge the gap between

the broad theories of cultural change and speaifibaeological assemblages (Robin

2 This is not to suggest that different househofdth® same lineage, or entire village cooperatiohnt
also occur.

% While the "household" as a unit of analysis istigely new in archaeology, anthropologists and
archaeologists have been investigating the relghipnbetween dwelling form, the environment, and
culture since the 1880s (e.g., Morgan 1965 [1881]).
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2003; Wilk and Rathje 1982). These early analystspreted the household as a "unit of
social and economic cooperation” (Wilk and Ratl§82621), a functional approach that
has been a popular framework used to interpretdwos the NWC. Because household
archaeology was developed for agricultural socgetige applicability of such theories to
the hunter-gatherer-fisher societies on the NWCraesntly been called into question
(Ames 2006).

Current interests in household archaeology haveechteyond essentialist
functional interpretations, and now address divérseretical interests in a variety of
geographical locales including the NWC and elsewlferg., Allison 1999; Coupland
and Banning 1996; Gillespie 2000; Robin 2003; Ha&{)04). The theoretical
perspectives have also diversified to include tresueh as the archaeological correlates
of houses and households, the evolution of dweflmgn (Lawrence and Low 1990), the
social (re)production of households (Grier 2006y @jseghem 2001), household
demographics (Ames 2006; Frankel and Webb 200hgeyed analyses of households
(Hendon 1996), and intrahousehold variability.

On the NWC, there are many excavations in whialskaleposits have been
uncovered; however, there are few excavations ahaiouses or households were the
specific research focus. The earliest excavatioriedus on the house/household include
the excavations at the Ozette site in Washingtate§Samuels 2006, 1994, 1991), the
Richardson Ranch site in Haida Gwaii (Fladmark }9&Ad the site FbSx-9, a
protohistoric house near Bella Bella (Carlson 1984)re recent excavations focused on
the household include the Paul Mason site (Coupl®&8), the Shingle Point site

(Matson 2003), the Meier site (Ames et al. 1998, McNichol Creek site (Coupland et
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al 2003; Coupland 2006), the Huusite (Frederick et al. 2006), the Dionisio Pasite
(Ewonus 2006; Grier 2006), the Scowlitz site (Legigfet al. 2000), the Psacelay site
(Martindale 2006), the Cathlapotle site (Sobel 2006 Sbabadid site (Chatters 1989),
the Tualdad Altu site (Chatters 1989) and, in titerior Plateau, the Keatley Creek site
(Hayden 1997). The locations of these sites andiaddl information can be found in
Table 1 and Figure 2. With the exception of thetlegaCreek site, which contained
circular, semi-subterranean pithouse dwellingsyalle rectangular or square dwellings.
Investigating the internal organization of one arenof these dwellings has
generally involved the excavation of large areaa bbuse; however, this is not to
suggest that productive research into these dwsllim all cases requires large-scale
excavation. Midden ridges behind, in front and leswhouses often indicate the
approximate boundaries of house platforms (whicl thamselves be visible as well)
and can be used to comprehend the spatial orgemmzzthouses within a village. The
mapping of villages in Barkley Sound, as well asdtechronological samples taken
from architectural features of abandoned houseseheidated information about
variability in house style within this localizedgien (Mackie and Williamson 2003;
Smith et al. 2005). Archer (2001) performed a reglsurvey of sites in the Prince
Rupert area (northern NWC), recording the houseqota area, and using this measure
as proxy evidence to determine whether a village eamsidered to be egalitarian or
ranked. Matson (2003) utilized ground-penetratexpr at the Shingle Point site in the
Gulf of Georgia region to identify subsurface amblagical features prior to excavating

a house floor. Other subsurface methods such asgyo@.g., Chatters 1989;
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Site Names

A = Broken Tops
B = Meier
C = Cathlapotle

Ty — Chab o A3

L = Keatley Creek

M = FbS5x-9

N = Richardson Ranch
O = McNichol Creek
P = Psacelay

Q = Paul Mason

Figure 2. Locations of major house excavations on the Northv@mast.
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Ma Approximate Maior excavation Approx.size | Approx.% of | Faunal-rich
Pl Sitename dates of house 4 of excavated house housefloor Reference
# .3 focus > .
occupation house (M) excavated deposits?
14" - 16" _ ~40-50%; ~70- .
A | Broken Tops century A.D. 2 small houses 72,72 80% No Ellis (2006)
. 14" - 18" century| Single house (not a o Ames et al.
B | Meer AD. village) 490 35% No (1992)
Largest house (House
h h 1) and small house
C | Cathlapotle 16" - 19 (House 4); others Unknown Unknown No Sobel
century A.D. (2006)
sampled to a lesser
extent
. Late 18" - early 0 Chatters
D | Sbabadid 19" century A.D. Largest house 243 90% No (1989)
E | Tualdad Altu| & century A.D. | Largest house 119 ~68% Yes E:lgaSt;?rs
i Largest house (House
F | Ozette 300-450 years 1); 2 smaller houses | 197; 160; 168 | 100% Yes Samuels
B.P. (1994)
(House 2 and House 5)
. 1600-300 years | Largest house (House 0 Frederick et
G | Huufi BP. 1) 613 15% Yes al. (2006)
L House 2; others :
H qunlsm 1700-1500 years sampled to lesser 200 44% Yes Grier
Point b.p. (2006)
extent
: Unknown;
Shingle 2 compartments of a Y 1 compartment Matson
I Point 1000 years B.P. shed-roof house historic fully excavated ves (2003)

disturbance
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Ma Approximate Maior excavation Approx.size | Approx.% of | Faunal-rich
#p Site name dates of house 4 f of excavated house housefloor Reference
3 ocus 2 .
occupation house (M) excavated deposits?
. Lepofsky et
- ~ o)
J | Scowlitz 2200-2400 b.p. Structure 3 187 50% No al. (2000)
N Single house (nota | _ 0 LeClaire
K | Mauer 4000 years B'P'village) 96 100% No (1976)
~ B} Some fully
L Keatley 3000-1100 Many houses Variable excavated; No Hayden
Creek years B.P. : (2997)
others variable
FbSx-9 (near o 0 Carlson
M Bella Bella) Late historic Largest house 212 100% No (1984)
Richardson h 0 Fladmark
N Ranch Early 18" century| Largest house 308 12% No (1972)
McNichol 1800-1500 years| Largest house (House 0 Coupland
O | Creek b.p. 0) 99 36% ves (2006)
Late pre-contact Martindale
P | Psacelay to early contact | House 2 169 47% No
_ (2006)
period
~3200-2800 en. AOA: DEO Coupland
Q | Paul Mason years b.p. 2 small houses 50; ~60 40%; 25% No (1988)

Table 1. Summary of information relating to major house exat®sns on the Northwest Coast. Values listed withe" indicate that a higher degree of
precision is known. When the "~" is used, sampesihouse floor areas or dates have been estilmatbe author, as an approximation based on heulis
literature, rather than on specific reported values

¥ ote: "B.P." refers to calibrated dates, while "brpfers to uncalibrated radiocarbon dates.
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Ruggles 2007) and bucket-augering are also gasungncy as approaches to
investigate houses (or at the very least to idgpitential house features) that do not

require large scale excavation.

2.3 The Ozette Site
The Ozette site (45CA24) deserves particular atterfior a number of reasons: it

has an abnormally large sample of recovered matehiean compared with other house
excavations, it has comparable data from both bighis and low-status houses, it is
central to our understanding of houses on the NWgeheral (see Ames 2005 for a full
discussion of the importance of this site to NWE€haeology), and it is a central
component of this thesis. Much of the informatitwo@t the site has been published in
two edited volumés(Samuels 1991, 1994) and is summarized below Oiteste
archaeological site is located at Cape Alva neantrthwestern tip of the Olympic
Peninsula, in Washington State (see Figure 2). Jitesis located within the traditional
territory of the Makah Tribe.

During the protohistoric periddthe site was suddenly and catastrophically
inundated by a mudslide. This disaster has provadsidnificant opportunity for
archaeologists, albeit to the detriment of the Initaats. The houses and their contents
were sealed underneath the mud in an anaerobitoanvent, resulting in the excellent
preservation of many different organic materiatduding fauna, wooden structural
remains and woven baskets. The effects of biotimbatoot disturbance and other

natural site formation processes, which have bésereed at many NWC longhouse

* These two edited volumes are primarily synopse@hiii research about Ozette conducted by David
Huelsbeck, Gary Wessen, Stephan Samuels, Jeff MangeRaymond DePuydt.

® The absolute dates for the house occupationsettézmains somewhat unknown. Researchers' best
estimate is that the village was initial constrdcd®0 years ago and occupied for about 100 yegvdiiah
point the massive clay slide destroyed a largeqouf the village (Mauger 1991:181).



16

Figure 3. Spatial relationships of three excavated hous@zatte (Courtesy Ozette Archaeological
Project).

excavations, were not as great an issue at Oadtttepgh the mudslide itself did create
some post-depositional disturbance. The mudslidated a Pompeii effect: domestic
activities were abandoned in order to escape thishae and as such, one can assume
that the excavated material represents a fairlyrate picture of past daily life in the
village of Ozette, although the fauna within eackige represents several distinct
activities. For example, House 1 was likely sulgddb routine house-cleaning, whereas
House 2 was not, resulting in much more fauna bemggpvered at the latter. House 5

was abandoned prior to the large mudslide thatalg=t the other two houses, and
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House 2 subsequently built on top of House 5. Hangdouse 5 deposits can be
distinguished from House 2 deposits, as clay glamwere deposited after the
abandonment of House 5 and prior to the constmcfdiouse 2 (Mauger 1991). At
other sites, the intentional abandonment and rggatmn of houses did not usually result
in such discrete housefloor layers because theg natrsealed by mudslides and/or clay
slurries.

Richard R. Daugherty, during a survey of the westst of Washington State, was
the first archaeologist to record information abOaette, noting its large size and
exposed shell midden. Excavation at Ozette dicbagin in earnest until 1966, during
which Daugherty supervised test excavation ofghesand of surrounding islands just
offshore. During the summer of 1967, further testawation uncovered the corner of a
domestic structure. Throughout these field seasomapundance of perishable material
was excavated from a water-saturated clay matrdicating the possibility of excellent
preservation due to anaerobic conditions. A storh970 eroded the sea bank and
exposed the front edge of another house platfatar befined as House 1 (see Figure 3).
Because of the excellent preservation of perishalalierial within the site, funding was
secured which allowed excavation to continue & ltteation (Area B70) for the next 11
years. Funding was also provided in order to arallie massive amount of data
recovered from the site.

The excavations from 1970 until 1981 focused ore&0, during which four
house platforms were uncovered (Figure 3). Housadlthe house that initially caught
researchers' attention because it was erodingfdhéeaut bank due to wave action. As

such, material from the front of House 1 was nairely recoverable, although the
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majority of the house remains were founditu. House 5 and House 2 were completely
excavated. A three meter wide area which inclutiedsbuth end of House 3 was also
excavated, although this sample represents a &ignify smaller sample than the
samples obtained from Houses 1, 2 or 5. Other softdauses 4, 6, 7 and 8) were also
tested; however, the volume of data obtained frloesé houses in comparison to Houses
1, 2, and 5 is minor.

The occupation of these houses is estimated to lbeyen around 450 years ago
and cultural materials from these occupations leeen designated early, middle and late
Unit V® (Samuels 1991:181). During the Early Unit V, Hotisend House 5 were
constructed. House 5 was occupied for a short tame,was intentionally abandoned
soon after, probably because this area was poaaiyetl and affected by several small
clay slides. During the Middle Unit V, House 3 wamstructed on top of the midden of
House 1 and House 5. During the late Unit V, Haugeas constructed in the same
location as House 5, and House 3 was probably aeadduring this period.
Stratigraphic layer Unit IV was a massive clayalidp to three meters in height, which
covered the entire B70 area. Units Il throughldateto the historic occupation of the
village and are not reported in great detail by@zette researchers. Based on midden
accumulation rates derived by comparing the quaafitfeatures, stratigraphic evidence
and house floor midden thickness, Samuels (200§ 2@poses that House 1 stood for
approximately 50 years, House 2 for 20-25 yearsHmuase 5 for 10-12 years, although

absolute dates for the occupation of houses haswe @ifficult to determine.

® The "Unit" designation refers to different cultli@yers. Units VIII, VIl and VI are all prehistior
cultural layers from an earlier occupation, howeseral excavation has focused on the excavatidimiié
Vland V.
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2.4 Interpretive Issues and Frameworks
Interpreting the archaeological remains of longesuhas primarily been

accomplished through the direct historical approackwhich ethnographic accounts are
used as analogues for prehistoric houses. As KeesArotes, the use of ethnography in
the interpretation of archaeological remains onNKéC is at times problematic:
Ethnographic patterns (of inequality for example) explained based on the
presence or absence of the relevant ethnograpfectsife.g. ethnographic status
markers e.g. labrets). The argument can become Khow they had ranking
because ethnographic form of ranking is presefifig only escape from this
circularity is to test...the links we make betweea ¢thnographies and the
archaeology. Despite these problems, the diretarigal approach is virtually
forced upon NWC archaeology...If the archaeologieabrd does not fit the
ethnographic record, then the flaw rests with agol@gy. [Ames 2005:13-14].
Using ethnography is not necessarily a problem;éwar, when it is used in an
illustrative fashion as indicated above, rathentima comparative one, it can be a
problematic method of interpreting the past (cAHb1993). The applicability of
ethnography to archaeological examples is only dfaiie problem: the other is whether
in fact the ethnography is itself accurate. As 5th893:243) notes, ethnohistoric
accounts in North America "were highly selectivehgir reporting of contemporary
cultures due to the emphasis placed on "traditigmalctice, stripped of the veneer of
modernity" and were often accepted as "unproblemapresentations” of indigenous
cultures.
Despite these issues, ethnographic and ethnoltistocounts are used to interpret
the archaeological evidence of houses. As a rdsulises are frequently interpreted
within an evolutionary framework as the apogeeoaia complexity and a reflection of

the hierarchical nature of NWC society (e.g., Arh881, 2001, 2003; Ames and

Maschner 1999; Archer 2001; Coupland 2006; Maschf&@d ; Matson 1985). Social
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inequality, its importance in day-to-day practiaésyepresentation archaeologically, and
the causes of its development were seen and Hrgestn as intricately linked to these
dwellings. The direct historical approach may ligtismate when excavating
protohistoric houses such as the ones at Ozetteu@a 1994) or Richardson Ranch
(Fladmark 1972) or FbSx-9 at Bella Bella (Carls®84), although as noted above the
accuracy of ethnographic accounts should perhagsroéinized rather than accepted at
face-value. Regardless, this approach becomes maohtenuous when applied to
houses that were occupied well before the contdbg.

Another issue that household archaeologists haoently addressed is the
functional approach. Because they have emphadieechateriality of the house and
household as a unit of economic cooperation whithilsaneously communicates the
power of the elite through their accumulation «faerces derived from this cooperation,
these interpretations neglect to consider othemsviyhich social structure may be
maintained or contested.

The recently published volume entitleldusehold Archaeology on the Northwest
Coast (Sobel et al. 2006) provides proof that we ararregg to move beyond
functional, materialistic, economic and technolalyixen interpretations, although some
important topics, such as the archaeology of geadérthe archaeology of children, have
yet to be explored in-depth. Grier (2006) uses Bmwr's theories, in particular his notion
of habitus’, to analyze NWC houses from a new perspective tlosteconsiders the

transfer of ideational structures of a househaldhfgeneration to generation (and how

" The notion of habitus (Bourdieu 1977:72) reststenidea of routinized behaviour, or "dispositions"
which are inculcated through one's interaction wligh material and social world. In his ethnographic
exposition of habitus, Bourdieu argues that theskas often an important location where the habgus
inculcated, which dovetails nicely with the imparte of the house on the NWC.
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these may be represented archaeologically) ratlarfocusing only on the material
reproduction of the house by household members.

Coupland (2006) incorporates Blanton's ideas ataodnical and indexical
communication within the built environment into laisalysis of a prehistoric house at the
McNichol Creek Site. Blanton (1994, 1995) argues the built environment
communicates non-verbal symbolic messages and nggar€anonical communication
is closely related to Bourdieu's notion of habittis/pically, symbolic communication
through the medium of the dwelling involves theati@n of a built environment that
manifests social divisions based on gender, ganarand rank, [and] links cosmological
schemes that express categorical oppositions” ({@ah994:10-11). Indexical
communication refers to non-verbal messages whiglt@mmunicated to individuals
who are not part of the household. Coupland (2806¢essfully applies these two
theories of communication via the built environmel@monstrating that the largest house
at the McNichol Creek site was very likely an exgsien of the chief's power to both
members of his own household and to other housshold

Another theoretical framework that may be appl@the NWC is Foucault's
(1977:197-228) theory of panopticonism. The Paroptiwas originally developed as an
architectural layout for a prison. Foucault (19ERextends this concept beyond the
setting of the prison, arguing that the Panopticwst be "understood as a generalizable
model of functioning; a way of defining power rédais in everyday life". The

functioning of the Panopticon is accomplished byarhitectural form that is highly

8 Blanton explicitly acknowledges this similaritydaactively utilizes Bourdieu's theory in explaining
canonical communication.
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structured and allows a few individuals to obsenany. The spatial organization of the
Panopticon consists of an
enclosed, segmented space, observed at every poivhjch individuals are
inserted in a fixed place, in which the slightesivements are supervised, in which
power is exercised without division, according tooatinuous hierarchical figure,
in which each individual is constantly located, mx@ed and distributed among the
living beings... — all this constitutes a compact elaaf the disciplinary
mechanism. [Foucault 1977:197]

This model has distinct features that parallelgpatial organization of the
interior architecture of Northwest Coast longhougesnoted above, family living areas
in a longhouse were spatially distinct, and thereefbe elite could easily have monitored
each family whose location was clearly "fixed iras@". The ability to monitor extends
beyond locating individuals in space to include dltvities that were occurring within a
space, as well as individuals' interactions andrmamications with others. In essence, all
activities, including interactions between indivadsicould easily be monitored by the
elite.

The Panopticon, however, allows for an even masilious form of power to be
established than that accomplished by direct silawee. Individuals who recognize that
they are under surveillance begin to disciplinerbelves:

He who is subjected to a field of visibility, andhavknows it, assumes
responsibility for the constraints of power, he eskhem play spontaneously upon
himself; he inscribes in himself the power relationvhich he simultaneously
plays both roles; he becomes the principle of his subjection. [Foucault
1977:202-203]
Commoners and slaves on the Northwest Coast w@awd monitored their own
activities, induced by multiple sources of obsedoratThe high status individuals would

have had their backs against a wall in the coraktise dwelling, thereby negating the

possibility that someone else could observe thetinowt their knowledge. This provides



23

an explanation for why the elite chose to occugydbrners of the house: it allowed them
to monitor others, without inducing a feeling ofweillance and therefore of self-
discipline.

From an entirely different perspective, Marsha0@6) argues that we need to see
NWC settlements in terms of "continuity and changgher than in linear, stage-like
(evolutionary) progressions which are usually cdesed to be the result of
environmental factors. She proposes that we shifaoalyses from the study of the
temporal sequences (typically defined by tool tggas) to an examination of "place”. In
order to do so, she combines Levi-Strauss's cormdeuse societies with Peter
Wilson's concept dDomesticated societies. In House societies, the house is the material
expression of a household's ability to sociallyroejpice itself over time: "[h]ouses link
social groups with architectural units that faatié their physical delimitation and
position in society, thereby integrating the sowrdgh the material life in its pragmatic
and semiotic aspects" (Gillespie 2000:2). This pecsve is useful because it integrates
non-material aspects of daily life (significatiaoneaning, and social reproduction) with
the material aspects of life (the house).

Domesticated societies are those which form sarteo§ permanent connection
between places and people, thus bounding a spacd&as living space (e.g., the
village) and differentiating it from the outside sah Marshall (2006) demonstrates that
the earliest indigenous NWC inhabitants — thos@aut houses — would have imbued
spaces with a variety of cultural meanings just like later inhabitants who built houses
did. From this perspective she therefore emphasuzigral continuity rather than change

and evolution.
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2.5 Methodological Issues

In addition to interpretive issues there are sédwvamhodological issues inherent
in excavating houses on the NWC. The latter oféhesile separated from interpretive
issues in order to present the ideas clearly,cagecertain extent mutable with the
interpretive issues described above. For exampérga part of the focus of past research
was aimed at developing the culture history ofgaame (a theoretical/interpretive
orientation) which necessitated excavation unitesexh basal (non-cultural) deposits
which spanned the entire temporal occupation ositee(a methodological
consideration). These deposits can be represegtseMeral vertical meters of cultural
deposits. While current research has moved beyoltagre-history, excavation sampling
strategies have evolved little. One suspects Hisintay be the case because new
strategies have not been developed, rather thaaltér@ative conclusion that the current
strategy is the most optimal.

Another methodological issue is the lack of dirsminparability between
samples. Different excavation strategies usedfirdnt houses force one to confront the
possibility that the data are not directly compégdiecause different sample sizes are
often utilized. This is less of an issue if theliénces in sample sizes are acknowledged,
but this is rarely done explicitly. Archaeologis@ve often compared the data from their
own excavations with data from Ozette becausesofriportance on the NWC (e.g.,
Ames et al. 1992; Coupland 2006; Grier 2006). Hgdiscovered spatial patterning
within a house that correlates closely to the datazette, as well as ethnohistoric
records, these researchers have posited conclusioiar to those of the researchers at

Ozette. If large sections of the house are not &gt all, it is difficult to say whether
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or not the patterns discovered truly reflect thmasapatial patterning as at Ozette, since
the unexcavated areas may contain data which eoagnuent with the Ozette data.

Deciding which feature(s) in a village one wishegxcavate is another
methodological issue that researchers are forcedrtbbont, since an entire site cannot be
excavated. On the NWC, it is generally the largmrdes at a site that have been
excavated (Ellis 2006; see also Table 1). Whenratimaller houses are in fact
excavated, the sample size is usually smallertlaadpatial configuration of excavation
units is not the same as that used for the latgmste, making it hard to compare
different houses within a single site as well asawy out inter-site comparisons. This is
not to suggest that all house excavations shollloiWdhe same template so as to
facilitate comparison; this notion is unreasonaen the idiosyncrasies of different
research goals. Rather, if comparison betweenrditehouses and households is one of
the expressed goals of a given research desigmgtiestions of comparability should be
considered prior to implementing the sampling desid his issue has not been directly
addressed in the published literature.

Finally, excavation is complicated by site formatrocesses (e.g., Smith 2006).
The single most challenging, albeit beneficialfda¢o address is the quantity of data that
exists due to the excellent preservation of favealains within shell midderisOther
natural site formation processes may also comglitteg excavation of houses. For
example, the presence of large trees, which sorastgrow on the remains of house
platforms, make it difficult to sample those areathe house beneath the tree (e.g.,

Coupland 1999:11). Furthermore, bioturbation, disturbances and the deposition and

° This is of less concern in situations where stmifldens do not form a significant part of the hofliser
assemblage, as is the case for some sites (see Tjabl
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subsequent decomposition of organic matter argglificant factors in the formation of
archaeological deposits on the NWC. Grier (1999ed@)icitly states that some of these
factors influenced his choice of houses to samipl&i@nisio Point, choosing to excavate
House 2 and House 5 in part because "they appeateriwell preserved (based on
surface expression)".

Cultural site formation processes may be equaliymex: multiple and/or long-
term occupation, abandonment and reoccupation wsehtmcations are documented
ethnographically (Suttles 1991) and archaeologid@kier 2006; Samuels 1991). In the
case of abandonment, the planks used for the aitesoof were often removed, leaving
only the house posts intact. Upon return to thieagd, the house was rebuilt. Whether the
new house was exactly the same size and shape asdimal is often unknown; the
fluctuating population of households may have priadpemodeling of the longhouse in
order to accommodate newcomers (Suttles 1991 1ditian to the above disturbances,
specific behaviours within localized areas of tbede (i.e. "activity areas") can create
intricate and discontinuous stratigraphy. Someaiaemay be the result of a single
behavioural episode (e.qg. lithic debitage relatethé manufacture of a single tool), while
other evidence may represent repeated behaviouryeaes (e.g. use of a hearth).
Because of the range of activities that occurratiiwithese dwellings, the spatial
distribution of artifacts, ecofacts, and featusesften complex and heterogeneous. In
short, a NWC house floor is a palimpsest createbdhaviours which occurred on a

variety of spatial and temporal scales.
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In summary, the house was a key locale, materaaty socially, for Northwest
Coast societies. In part because the ethnographtee region are replete with
descriptions of the centrality of houses in daiflg,land in part because methodological
issues prevent the excavation of a large numbtrese dwellings, the direct historical
approach is almost always utilized as an interpeetol to understand archaeological
examples of houses, which, as noted above, mayotdepatic. A careful consideration
of sampling methods has the potential to addressetissues and is the focus of Chapters

3 and 4.
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Chapter 3. Sampling Method and Theory

In this chapter | review several key aspects ofdang theory and how sampling
methods are applied by archaeologists. Initiallyrdvide a general overview of sampling
and explain some of the sampling methods useddhaaplogists. Secondly, | review
various methods of estimating the effects of sarsjale as discussed in
zooarchaeological literature. Finally, | considemhsample location affects the
interpretation of human behaviour within the conteixthe modifiable areal unit problem

(MAUP).

3.1 Sampling Overview
Sampling is a key element of archaeological pcaciind, due to the variety of

sampling strategies available, selecting a spes#iapling strategy requires a focus on
the major methodological and/or theoretical comptsmef the research objectives. The
choice of sampling strategy eventually selecteldiénfces the range and the variety of
data that is gathered, which, in turn, will affédw types of questions that can be
answered. Furthermore, though these strategigs\aal to establishing validity and/or
statistical confidence in one's interpretationthefdata, they are often only partially
understood (Aldenderfer 1987; Orton 2000). Archagisits have always recognized that
site formation processes alter the constituentsgdpulation (i.e., change the sample) as
it is transformed from a living assemblage to acded assemblage to an archaeological
assemblage (Orton 2000; O'Connor 2000; Reitz antg\I®99; Schiffer 1976).

However, an explicit interest in how to sample ezhaeological assemblage did not
occur until the 1960s (e.g., Binford 1964; Vescell960). The subsequent interest in

sampling generally focused on the feasibility oplementing probabilistic rather than
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non-probabilistic sampling, as the former methodedailed well with the hypothetico-
deductive methods that were popular during the 426@ 1970s (Hole 1980; Mueller
1975; Plog 1978). Currently, sampling literature bacome much more statistically
rigorous, although the volume of literature devapdcifically towards sampling issues
has lessened since that time (Orton 2000).

Archaeologists’ attitudes towards sampling are idigeOrton (2000:4-5) lists
seven caricaturized attitudes towards samplingpatih he admits that there is
mutability between the various caricatures. Marchaeologists continue to treat
sampling with trepidation, annoyance or inevitalgl®gnation, and this attitude is
somewhat understandable, as the logistical conséraivolved in the implementation of
a probabilistic sampling technique and the mathemagquired to describe the
reliability of such a sample can be frustrating I¢Hb980). Others address sampling in
order to evaluate the effect of sample size, arit@que the work of others (e.g.,
Lepofsky and Lertzman 2005; Lyman and Ames 2004méary 2008). Another attitude
towards sampling, the one | favour, is to invegggaampling to observe whether it is
possible to "do more with less" (e.g., Monks 2000 eil 1993), either because the
funding/resources are not available for largergmty, or because limited excavation
limits the destruction of the archaeological record

Sampling occurs at a variety of scales. At theore scale, archaeologists have
evaluated the efficacy and biases of different $emgmpnethods to detect, and
subsequently predict, the presence and densitscbfaological sites on landscapes (e.g.,
Alexander 1983; Plog 1978; Read 1986). When thedad investigation is a single

archaeological site, the sample should be desigmbd representative of specific areas
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of the site, or in some cases the entire site,(Hayce 1981; Orton 2000; Shott 1987).
The selective recording and collection of featuegsfacts and ecofacts during
excavation are other critical components of the@anm process which includes certain
components of the archaeological record for studyenexcluding others. The mesh size
used while screening excavated material is anqihere example of how sampling
procedures will influence the quantity and diversit artifacts or ecofacts (Peacock
2000; Zohar and Belmaker 2005) and is well-docueteonh the NWC (e.g., Casteel
1972; McKechnie 2005; Stewart et al. 2004). Addislly, material that is collected but
not identified, because the resources (be they tapndack of adequate reference
collection, etc.) are not available further redtleesize of a sample (Orton 2000). The
resultant data are then selectively used to devlemries and make generalizations

about the entire assemblage and/or cultural beheszio

3.2 Sampling Terminology and Methods
The terms used to describe different componentiseofampling process are

explained below in order to maintain clarity thrbogt this thesis. Thpopulation refers

to all of the constituents of interest, e.g., &llhe faunal remains from a single house.
Thesample fraction or sample size refers to the amount of material that is includethe
sample. This can be quantified in a number of waysgenerally includes the number of
objects found (e.g., for zooarchaeologists the rerobidentified specimens (NISP)),
and/or the area or volume of excavated materiad.saimple method refers to the
procedure used to draw samples from the populaBample methods fall into three
categories: non-probability sampling, probabiligyrgpling, and systematic sampling

methods, and are explained in detail below. Intesis, thensample strategy refers to
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both the size of the sample (the sample fractias)yell as the way in which the sample
was selected (the sample method).

The non-probability method of selecting excavatioits is synonymous with
judgmental, grab, or haphazard sampling, and reguitentional selection (Orton
2000:21). Archaeologists often use this type ofarg when they have knowledge of or
have made assumptions about the archaeologicasidepoior to excavation, or because
logistical issues make other types of samplingalift. Using this method of sampling to
the exclusion of all others receives little endoreat from statisticians or archaeologists
specializing in sampling techniques (Orton 2000;:2hy may result in significant
constraints on the interpretation of the data geeer (although this is not always the
case)'? Selecting features judgmentally prior to laboriewsavation is a useful strategy,
as long as researchers recognize that they maydstooking features that have no
surface expression, or which are not detected girdloe use of survey instruments such
as ground-penetrating radar, aerial photograpley Gat the NWC, the visibility of house
platforms and/or structural remains in some callewsarchaeologists to sample the
interior of these dwellings without requiring exsére excavation to determine the
boundaries of the houses. However, features asdés that have no identifiable surface
expression will not be identified unless other skngpmethods are used.

Probabilistic sampling, also known as random sargplequires that the units to
be tested be chosen from a set of randomly gemkenat@bers. Within the rubric of
probabilistic sampling, there are a variety of@léint methods that may be employed,

depending on the purpose of the investigation:ghedude simple random sampling,

19 As noted in Chapter 2, samples of different sames$ shapes are compared directly in NWC archaeplogy
an instance when sample size should have beerdevediwhen interpretation was undertaken.
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stratified random sampling, cluster sampling andgang with probability proportional

to size. The advantage of this type of samplirtgas it allows archaeologists to generate
estimates of reliability for the sample in questibat it does not necessarily result in a
more representative sample than a judgmental sai@pien 2000:8).

In contrast to the methods described above, sysiesampling requires that
samples be selected at equal intervals withindngpée area. This type of sampling may
be problematic if a specific element within the plapion is located at intervals that are
the same as the sample interval. In this caseslémeents in question will be present in
all or none of the samples. In order to minimize plossibility of this situation occurring,
a stratified systematic sample method can be usedhich the sample area is gridded
and an excavation unit placed randomly within esattion of the grid such that even yet

unaligned sampling of the sample area occurs.

3.3 Identifying Sample Size Effects
Identifying the effects of sample size is addrdgeedepth in zooarchaeological

literaturé™ (e.g. Grayson 1984; Lyman 2008; Plog and Hegm@3)1 T hree main
approaches are utilized to investigate differenéfs of the sample size effect: the
sampling to redundancy approach (Lyman and Amed,28@07), the rarefaction
approach (Gotelli and Colwell 2001; Lepofsky andtkaman 2005; Tipper 1979), and the
regression approach (Grayson 1984). The goal aff dilese methods, often represented
graphically as "species-area curves" (SAC), isalyze the relationship between sample

size (defined in terms of volume excavated, areaeated or NISP) and the number of

| focus on this literature as it is faunal rematimet | analyze in Chapters 6, 7 and 8. The theapfained
in this section can be applied to other classesafaeological data such as lithics.



33

different taxa identified (i.e., richness or NTAXfee Lyman and Ames 2007; Lyman

2008:164-167 for a discussion of SAC curves).

3.3.1 Sampling to Redundancy
The sampling to redundancy approach (Lyman 20981dn and Ames 2004) is

used to determine at what point the addition of samples is unlikely to produce new
information for a given assemblage; it should retibed to compare richness between
two or more populations (Lepofsky and Lertzman 3086llowing Lyman and Ames
(2004, 2007), NTAXA from a given subsample (e.pnf a single excavation unit or
from a single field season) is plotted versus samse; information derived from
subsequent units or field seasons are added cuwalyatntil the entire sample has been
plotted. Once all subsamples are graphed, if tineecof the line is asymptotic (Figure
4a.), redundancy has been reached and it is atgaedew samples are unlikely to
increase taxonomic richness. Alternatively, if tueve of the line continues to rise
(Figure 4b.) then sample redundancy has not besteel and new samples are likely to
produce new taxa. There are several issues inheréms method (see Lepofsky and
Lertzman (2005) for a full critique). The most digrant of these is that the sequence in
which subsamples are added to the graph will affecturve of the line and can result in
the redundancy criterion being reached when indagte taxa have not yet been found,
i.e., "false plateaus” (Lepofsky and Lertzman 2@89). This is most likely to occur for
populations that consist of a few ubiquitous tamd many rare taxa, a commonly
observed pattern for many archaeofaunal assemblagesGrayson 1984). One possible
solution for this problem is to select samples canly, although this does not necessarily

eliminate the problem. Nevertheless, the simpliaitg ease of interpretation with this
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method make it an attractive method of indicatidgquate sample size for a single

population.
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Figure 4. Example of sampling to redundancy showing hypotl¢tiata from two separate sites, Site a.
and Site b. When data from the samples from eaékefield seasons at Site a. are successivelgddial
the data from the previous field season, the fieéd season produced no new taxa and therefore the
redundancy criteria has been reached. When the geonedure is performed at Site b., new taxa are
uncovered in the final sample, indicating redungdmas not been reached.

3.3.2 Rarefaction
The rarefaction method can be utilized to complfferent assemblages because

it reduces the NTAXA of larger samples to make tleemrmparable with smaller samples,
and therefore rarefaction curves from differentydapons of different sample sizes can
be compared (Baxter 2001; Tipper 1979). Brieflye @ariation of this method requires
that subsamples are randomly and repeatedly dneoemdn assemblage, and the mean

NTAXA value for each sample size is used to createnoothed rarefaction curve with
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confidence intervals for a given assemblage (Gaell Colwell 2001:380; Lepofsky
and Lertzman 2005:185). Kintigh (1984) propose@udation of the rarefaction method
in which assemblages are combined and constitaeatdrawn randomly from the new
cumulative assemblage. Mean NTAXA values for eache size are generated by the
simulation and are defined as the expected richretaal samples can then be
compared to this expectation (e.g., McCartney alad$51990). Kintigh's (1984)
simulation approach has been heavily criticizedhenbasis that, by combining several
different assemblages, one is assuming that thepers of the population from which
the sample has been taken are known, even thoigyis tfarely the case in archaeology
(Rhode 1988). Despite this fact, rarefaction cumesconsidered to be the most reliable
method of comparing the richness of samples oéwbfit sizes (Lepofsky and Lertzman

2005; Orton 2000).

3.3.3 Regression
The regression approach is used to identify whiethmple effect exists for a

given target variable between samples of diffesézrg (Lyman 2008; Rhode 1988). This
approach involves creating a bivariate plot oftrget variable of interest (e.g. NTAXA)
versus sample size and then determining the esgiiession line for these samples. As
Grayson (1984:138-148) notes, if there is a sigaift correlation between the variable of
interest and sample size, then comparison betweesdamples should be undertaken
very carefully. Comparing the slope of regressiogrd for different samples or
considering why certain samples are statisticdleygtare other avenues of research

which can elucidate sample effects using the regresapproach (Lyman 2008).
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3.4 Identifying the Effects of Sample Configuration  s: the MAUP

The effects of sample location are not a centrahodological issue in sampling
literature, probably because the same phenomematsimultaneously be investigated
using two different sample methods. Since the tgsgpulation which is sampled during
archaeological inquiry is rarely able to be comgdieexcavated, collected and identified,
even if it were possible to excavate the same dslsga using two strategies, evaluating
which was more optimal would still be no simple teatWhile there is no panacea for
this problem, the MAUP, or modifiable areal unibplem, is a useful framework which
can be used to articulate some of the problemarapte location. Below, | discuss
ecological fallacy, explain what the MAUP is, antyait is an important issue to
consider with respect to analyses of spatial datachaeology. | will then demonstrate
how the MAUP can be applied as a conceptual framketeohelp understand issues
associated with archaeological sampling methodgstandterpretations of house

remains on the NWC.

3.4.1 Ecological Fallacy and Issues of Scale
At the root of the concept of ecological fallacg #he inferences or assumptions

that are made about a specific population. Thefeeances are the result of gathering
data at a specific scale or resolution, and themgdting to apply the results of this
analysis to another scale or at a different resmiyHarris 2006; King 1997; Marceau
1999). For example, an archaeologist studyingditeimains from two hypothetical sites,
Site A and Site B, discovers that, at Site A, 9(%he lithic assemblage consists of
bifaces, while at Site B, only 15% of the lithicamblage consists of bifaces. However,
when the archaeologist randomly (without lookingaarching) selects a single stone

artifact from each assemblage, he or she is setsdiscover that the artifact from Site
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A'is not a biface, while the artifact from Site 84 biface. This surprise is the result of
the principle of ecological fallacy: the characias of the assemblage, which have been
analyzed using one particular scale, do not neagsagply to individual artifacts, which
are analyzed at a scale that is different thanubedl for the entire assemblage. In the
context of archaeological excavation, ecologichh&y is sometimes unavoidable. For
example, when fauna is collected, the density oh& remains may differ significantly if
it is calculated based on 50cm X 50cm (50 centimzteb0 centimeter) units rather than
on 2m X 2m (2 meter by 2 meter) units, especidlfgunal distribution is "patchy”. This
example of ecological fallacy also provides an epl@nof the MAUP.

The MAUP is associated with analyzing areal datather words, analyzing a set
of aggregated data that are derived from a speggiigyraphical location or region
(Figure 5). Because the data are only availabdggregated form, one is forced to
assume that the data discovered within each umé distributed homogeneously within
the unit, even though this is an ecological fallalye issues associated with the MAUP
have been known to geographers for a long timeelvew they have received little
mainstream attention in the discipline of geografgenshaw 1984; Setton 1996). In
archaeological literature few researchers have@iplacknowledged the problems
caused by the MAUP or investigated its effects (i4&2006).

When considering the specific geographic area®studying, the MAUP occurs
when it is possible to subdivide the space withmdtudy area in a number of different
ways, and thus create new areas or areal unit&wilid initial study area, hence the
designation of "modifiable" in the acronym MAUP. Blganging the size and/or shape of

an areal unit, often a subjective or arbitrary pss; one may also discover that one has
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changed the values of the data associated witle tass (Amrhein 1995; Openshaw
1984; Svancara et al. 2002). Setton (1996:9-13)iges an excellent overview of studies
which have empirically examined the effects of MeUP. For those studying the social
sciences, the MAUP is a particularly complex iskaeause, in many cases, the size of a
particular areal unit has no logical correlatiothithe cultural/behavioural processes
being studied (Harris 2006). If several differehepomena are being studied at once, the
ideal scale of analysis for a particular phenomenaoaly coincides with the ideal scale of
analysis for every other phenomenon one wishesdtyze (Marceau 1999).

It is possible to more rigorously examine the éssdescribed above by
considering two problems which form the basis efMMAUP: the aggregation problem
and the configuration problem. The first of these,tthe aggregation problem, occurs
when two or more contiguous areal units are contbiodorm fewer, larger areal units
(Figure 5B and 5C). In the example given in Figbiréhe mean value of each unit
changes once the smaller units have been aggregattkdermore, the variability that is
obvious in each smaller areal unit (Figure 5A)adonger apparent in the larger,
aggregated units (Figure 5B and 5C), a trend olbservmany analyses of aggregated
data (Setton 1996). The second problem, the cordigun problem, is the result of
dividing up the area under study using a numbeliféérent configurations, but without
changing the total number of areal units. The e$fe€ different configurations are

illustrated in Figure 5D and 5E.
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Figure5. This figure illustrates the effects of MAUP as aui¢ of different aggregations and configuration

on areal data. Figure 5B illustrates how valuesfygregated areal units are calculated. Modifiethfr

Amrhein (1995:106).

Numerous studies have attempted to determinetamsgtic way to manipulate

data in order to correct for the effects of the MAW he results of these studies conclude

that no systematic method to correct the problensea by this effect exists (Amrhein

1995; Openshaw 1984). Several solutions have begroped, but these are impractical
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as "real-world" solutions (see Setton 1996:21-28yen the non-systematic effects of the
MAUP, many researchers have chosen to avoid the asisogether (Openshaw 1984).
However, recognizing and articulating how the MABRects areal data is a preferable

alternative to accepting the results as unproblienaad unbiased.

3.4.2 The MAUP and Archaeology
Given that the MAUP is a problem related to thalgsis of spatial data, and as

all archaeological data are inherently spatialhaeologists should have an interest in the
effects of the MAUP. However, this term is relatjvanknown in archaeological
literature, and there are only a handful of archagsts who consider its effect. A first
step in clarifying the MAUP issue is to considerentit isnot an issue. The MAUP does
not apply when point distributions, rather thantgplg aggregated data, are analyzed.
While point-provenience data are preferable froemglarspective of eliminating the
effects of the MAUP, this form of data collectianaften an impractical means of
recording information during an archaeological stigation. In some cases, point data
may need to be aggregated and thus the data sfdrared into areal data, or, the
guantity of data that is excavated may be too goealiow for the recording of the 3-
dimensional provenience of every artifact and edony remains collected via
screening, often a significant component of arcleageal investigations, become part of
the areal data set for a given site. When spatillyais is performed on archaeological
remains that have not been point-provenienceceffieets of the MAUP should be
addressed.

The effects of the MAUP apply in a number of diffiet cases with respect to

archaeology. A prime example of all three typeagiregation occurs when
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archaeologists attempt to quantify faunal remasisgithe minimum number of
individuals (MNI) statistic (e.g. Grayson 1984; Lgm2008). While the effects of
aggregation for faunal quantification may be praidéic, using alternative lines of
evidence (such as stratigraphy) make it much es&sigecide whether or not aggregation
is meaningful in some way and therefore warranted.

The basic areal unit used to excavate archaeolagiceins is often a 1m X 1m
(1 meter X 1 meter) square, an arbitrary unit @&lgsis. The cultural and natural
processes which create spatial distributions rareiycide with 1m X 1m (Harris 2006).
Even if by some coincidence there was a behavimtrgroduced spatial data that
coincided exactly with a 1m X 1m square (i.e. exat@n unit), archaeologists would
have to place this unit in the exact location ef $ipatial distribution of data without
knowing it existed beforehand, in order to recdrel $patial distribution in its entirety.
This is clearly an implausible scenario. Excavatioits, be they trenches, square units,
test pits, etc., are therefore de facto areal dh#tsare subject to the effects of the MAUP
in which "the imposition of artificial units of spal reporting on continuous geographic
phenomena [result] in the generation of artifisiphtial patterns” (Heywood et al.
2002:8).

In order to address this issue more concretelgtt@®1s presented to examine the
aggregation of areal excavation units at that §isider Figure 6, which shows two
different conceptual schemas (or configurationgjiwiiding up the space within House 1

at Ozette (Samuels 1994:109-111). In schematic I1&"areal units are delineated. In
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Figure 6. Different conceptual schemes that could be usenldanize space and delineate areal units
within a NWC longhouse (Ozette House 1 shown abdvede how hearth features (the twelve irregularly
drawn objects within the house) are used in eash tadefine the different units within the house.

schematic "B", three areal units are delineatect&mh house. These areal units are the
result of aggregating a number of 2m X 2m excavatioits, which are also areal units.
Aggregations "A" and "B" are meant to infer diffatdacets of everyday life: the former

delineate nuclear family living areas and assodiateial status, while the latter
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delineate functional areas within the house. Tlregated faunal data for each areal unit
helps in the interpretation of the function of eacit (Samuels 1994). Similar
discussions of the different functional uses ofcsp@r other longhouses also exist (e.g.,
Coupland 2006; Matson 2003; Smith 2006).

One could consider what the result would be ifyanie out of the two
configurations was analyzed, or if a different agufation altogether was utilized. It is
likely that the interpretation of the faunal datauld be significantly different. Because
of the extensive excavation and multiple lineswflence utilized at Ozette (architectural
remains, features, and ethnographic evidence)aaatbgists have been able to make a
convincing argument that the areal units they uspdesent meaningful social
boundaries rather than arbitrary boundaries. Howavieen other lines of evidence are
not available the MAUP may become a much moredtiffiproblem to resolve. This can
occur when the time-depth is too great to use iteeidhistorical approach, or if the
entire house is not excavated and therefore thieabpalationships between features such
as hearths are difficult to interpret. In theseesasrchaeologists must aggregate areal
data in an arbitrary manner, and then justify {pecdic aggregation and configuration
that was used. The analysis of spatially aggregad¢alis perceived by the archaeologist
to represent past human behaviour, when in fadifspaggregation of contiguous

excavation units may be confounding the interpiatadf these behaviours.

This chapter has summarized the main types of kagngtrategies that are
currently employed by archaeologists, and has dsslimethods used by

zooarchaeologists to investigate the issues ardems related to sample size. Sampling
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issues related to sample location and configurdteore received much less attention, and
| have proposed that the MAUP provides a usefuhé&aork to consider the location of
sample units and the effects of spatial configoratin archaeologists' interpretation of
assemblages which are not point-provenienced. apte 2 (Section 2.5) | noted that
house excavations on the Northwest Coast are coatgtl by a variety of issues
idiosyncratic to this region, and that sampling rbayable to address them. In the
following chapter (Chapter 4) | investigate NWC gdenmethods within the context of

the sampling issues described above.
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Chapter 4. Sampling on the Northwest Coast

4.1 Sampling Studies
Given the logistical difficulty of excavating tleatire spatial extent of plankhouse

floors on the NWC, one would expect sampling meshtodbe of central concern for
archaeologists working in this region. The biassseiated with particular sampling
strategies have been investigated with respedtdt middens on the Northwest Coast;
however, this body of research generally refesxterior midden contexts rather than to
interior house floor midden (e.g., Cannon 2000;t€=s1972; Greenwood 1961; Monks
2000; O'Neil 1993; Stewart et al. 2004; Treganzh@ook 1948). Furthermore, these
studies generally focus on the biases relatedftereint recovery techniques (e.qg.,
Casteel 1972; McKechnie 2005; Stewart et al. 2004 changes in relative abundance
of taxa over time (e.g., Cannon 2000), rather @dolressing how the spatial location of a
sample unit within a site may bias its contenthyalgh McKechnie (2005) does address
this facet of sampling. Studies by Lyman and An2894, 2007) and Lyman (1991,
2008) have examined sampling issues from a braaatetical perspective using faunal
assemblages from sites in Washington and Oregeramsples; however, these studies
are not primarily concerned with the methodologisalies of data-rich shell middens on
the NWC in conjunction with the sampling procedurgkzed by NWC household
archaeologists.

There is relatively little previous sampling resdaimn the region which is directly
relevant to the research in this thesis. Monks @2@@ovides a useful discussion on
sampling in his analysis of the faunal data froenMuu-chal-nulth site of Ma'acoah,

located in Barkley Sound. As a heuristic exerdmsetandomly selected 100 faunal
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records for all ichthyofauna (each record groupgdrat, stratigraphic level and taxon)
to observe the effects of sample size on the rehiaad diversity of a subsample when
compared to the complete assembldsis analysis suggested that as little as 25-30% of
the entire assemblage (quantified in terms of NAS8& drawn randomly), was required in
order to accurately characterize the diversity ictthess of the entire ichthyofaunal
assemblage. Since all fauna from the site are gatggether to form one assemblage,
the effects of sample method are not investigdtednother study, O'Neil (1993)
excavated a shell midden in California, arguing thgnificant® components of the
midden were not detected until approximately 50%hefspatial extent of the midden
was excavated. The above studies highlight thetlfettno one sample fraction will be
ideal in all situations and that the sample striatgployed will depend heavily on the
research goals.

Spurling (1976), while not explicitly working wittlomestic house deposits,
compared the efficacy of simple random samplindnhiat of judgmental sampling to
detect artifacts within a shell midden in Esquinh@goon (situated near Victoria, British
Columbia). Statistical comparison between the tarm@es revealed that they could both
have been derived from the same population andheuwded that neither strategy was
more optimal than the other (from a statisticahpoif view) (Spurling 1976:64). Only
one article exists that explicitly examines spatahpling issues within a domestic
structure on the NWC (Blake 1974). Blake (1974lz¢d data from a previously
excavated pithouse from the Lillooet area and subsed the artifacts and ecofacts from

the excavation in order to investigate the benefidifferent types of probabilistic

2 The completed assemblage had a NISP of 5553, Whistks (2000) recognizes is a sample as well.
13|n this specific study, the significant discovevgs the detection of a historic component to tte si
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sampling. He concluded that stratified random samgpvas the most beneficial method
to use (1974:15). Using this method, the house fleas divided into different areas to be
sampled based on the functional use of space wiitleitnouse, which included (1) the
central and peripheral floor of the pithouse, aidlife bench and wall area of the house.
Other reports explaining the excavation of houaesly devote more than a brief

paragraph to explain the sampling rationale thatideen employed. A further example of
this lack of research interest in sampling candumd if one refers to the introduction of
Household Archaeology on the Northwest Coast. The authors state that

The studies in this volume address a variety ohwddlogical concerns. Among

these concerns, three seem especially importahetproductive analysis and

interpretation of the archaeological remains ofdaetwolds: 1) methods for studying

the site formation processes that create housebpidins, 2) identifying useful

archaeological correlates of the household, arile8jntegration of ethnographic,

ethnohistoric, and archaeological household d&@ab¢l et al. 2006:8]

To these considerations | suggest adding a fongmely, a concern with sampling

methodology.

4.2 Sample Strategies Used to Excavate Houses
There exist fewer than 20 sites where large-seatavation of longhouses has

occurred (see Figure 2 and Table 1). Of all ofitmghouses excavated on the Northwest
Coast, few examples exist where the house floobkasa excavated to its full spatial
extent. "Corner Post House", located on the norsteva tip of Graham Island in Haida
Gwaii (also known as the Queen Charlotte Islanda} entirely excavated by Gessler
(1975). Data from this excavation were not published as such do not contribute to our
knowledge of the variability between this and otheuses excavated on the Northwest
Coast. Matson (2003) excavated the full spatiadmxof a single compartment of a shed-

roof house floor at Shingle Point, Valdes Islandr(f the Gulf Island archipelago);
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however, excavation of this house was complicatelistoric-period disturbances
(Matson 2003:102). LeClaire (1976) excavated aaremilar house depression in the
Fraser Valley (the Mauer site), although no infatioraon faunal data was reported from
the site. In addition, a large house at the sit8l#badid, located in Puget Sound, was
almost completely excavated. Faunal data fromdites however, was not included in
analyses as too small a sample of fauna was igEh{i€Chatters 1989). These completely
excavated house floors can be contrasted withxbavations at Ozette, where
information about the faunal remains is extensigadily available and used as a
comparative sample with other house excavations(®& 1991, 1994, 2006). At
Ozette, thousands of artifacts and millions of actsf were collected and documented
during fieldwork and subsequently analyzed. Thellsmanber of houses excavated on
the Northwest Coast, in contrast with other regahgere many more houses have been
excavatelf, is most likely the result of the extremely datgrenvironment and the
resulting labour-intensive excavation and analyeugiired.

Given the paucity of sampling research availatdenfthis region and the very
specific constraints involved in excavating middenghe NWC, it is not surprising that
similar strategies often appear to have been etilizy different researchers at different
sites. Most notably, almost all researchers havieed a judgmental sampling strategy,

although Gessler (1975) and Chatters (1988) didrparate some probability sampling

14 Investigations in other parts of the world revéwdttmuch larger samples are typical. For example,
investigations into the early Neolithic site of A@ogou in northeastern China included the complete
excavation of 20 structures, 17 of which were dafias domestic structures (Shelach 2006). This fiel
research, totaling 2000rof excavated area, was completed in a single fieltson (Shelach 2006).
Research by Bamann et al. (1992) considers thaeobbgical correlates of 417 Iroquoian longhouses,
while Kapches (1990) compared the internal spatiganization of over 80 different Iroquois longhesis
Similarly, significant numbers of pithouses haveméhoroughly excavated in the American Southwest.
From a brief review of existing publications, theseavations have investigated well over 100 pitesu
(Cameron 1996; Diehl 1998).



49

into their sample strategies. Initially, a judgnargampling strategy is often used to
determine which house within a site to excavate ifilestigations at McNichol Creek,
Richardson Ranch, FsBx-9, Cathlapotle, SbabadidHandii all focused on the
excavation of the largest house within the villagjehough limited sampling of other
houses did occur at some of these sites.

Once a house is selected for excavation, the r@sear place units judgmentally
within the house. Generally, samples consist afralver of contiguous excavation units
in order to expose part of the house floor. Exdawvatnit size is typically 2/ with 1nf
or 50cnf subunits. In most cases, more than one area dfothse floor is sampled (e.g.
Meier site, Dionisio Point site, Huusite, McNichol Creek site), and often the areal
excavations are joined to one another by trenchihg.trenches are often described as a
means to help in the interpretation of complextgfraphy (Coupland 1999:24; Grier
1999:24; Lepofsky 1999:6) and to elucidate the @asion between features, artifacts
and ecofacts, both spatially and temporally. Addidlly, by selecting sample locations
judgmentally, one can also choose to avoid aregsihiroot disturbance.

How are judgmental samples selected? Does thenaddioary significantly
depending on the researchers and the researcl? gemlsoted above, the complexity of
house floor deposits is no doubt one guiding fadtowever, ethnohistoric evidence
appears to play an even more significant role terd@ning which areas of the house are
sampled, regardless of the specific research qumsstihe largest house is often selected
because it is, ethnohistorically, the high-statoigse. As noted in Table 1, excavations at
FbSx-9, Richardson Ranch, Cathlapotle, McNichole&réiuuTi, and Tualdad Altu all

focused on the largest house. Similarly, units mwithis house were often placed in one
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or both rear corners of the house because ethnugedly, the area of highest status was
generally considered to be at the rear corner (remmning furthest from the door) of this
house (Drucker 1951). For example, Martindale stafénis excavations at the Psacelay
site (near Prince Rupert):

The sampling of the horizontal excavation was Ilgrggudgmental process in

which areas of House 2 were selected as representddithe building in general.

Based on ethnographic descriptions [primarily Garfield (1951)], it was assumed

that the house had three significant types of apsatibunits: high status family

areas at the back of the house (away from the)rilew status family areas at the

front of the house, and a common area in the celBareh of these areas was

excavated in 1997, which exposed more than 47%eofloor of House 2.

[Martindale 1998:216, emphasis added].
Similarly, Grier (1999:18) notes that the locatafrexcavation units within house floors
at Dionisio Point was "influenced by archaeologeadl ethnographic observations that
the use of space inside of large plank houses wgas$yrstructured and varied across the
house floors". Ames et al. (1992:280), when deswgithe excavation of the Meier
House, identified different areas of the house thasean ethnographic model for the
organization of interior house space, as well aprenious archaeological research (i.e.
data from Ozette). Whether this influenced the darglesign prior to its
implementation is not known; however, an examimatbthe sampling design utilized at
this house reveals that the rear corners of thed{the supposed high status areas) have
been thoroughly tested (see Figure 7). The sampksggn utilized at Huuiralso
focused on the rear half of the largest house.Mtiichol Creek strategy tested the

centre of the house as well as one rear corndredfiduse. Although all samples differ in

the size, shape and orientation of excavation uthiesemphasis on the back of the house
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is apparent in almost all major excavations (sgeiéi 7; in addition, a more complete
list of sample strategy diagrams can be found ipeialix 1).

Because of the large quantity of fauna containgkdinvmany of these dwellings,
it is not often possible to identify all of the faal remains collected from the large, areal
excavations of house floors. As a result, judgmesampling is once again utilized to
select the specific units for faunal analysis. Eus(2006:29) judgmentally selected
units at the Dionisio Point site, choosing to amalfauna from hearth contexts and those
contexts immediately adjacent to hearths. Coupédrad. (2003) also judgmentally
selected four 2m X 2m units from House O for fawaralysis at the McNichol Creek

site.

In summary, the influence of ethnohistoric accewnt archaeologists’
interpretations of houses also extends to the ndetbgy used to excavate them. This is
problematic, as it means one is — to a certaimgxt@ssuming that the ethnographic
record holds true for archaeological examples geraian through the actual testing of
this hypothesis. Using the Ozette faunal data]litest different sample strategies on a
relatively large and complete dataset to observethdr sample strategy affects the
interpretation of the data. The results of thigeesh may also address another major
methodological issue on the NWC, that of data-sleéll midden house deposits. In
Chapter 5, | describe in detail the Ozette fauash @nd the methods used to evaluate

different sampling strategies.
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Chapter 5: Sampling Simulation Methods

This chapter explains the methods that were used/estigate the effects of
sample size and sample location on faunal data @astte. Firstly, the database
containing Ozette faunal records had to be modifiearder to correct for differential
recovery methods, to account for missing data,tamitcumvent the MAUP. Secondly,
the modified faunal database was projected usinGMRP software in order to display
the spatial distributions of different taxa in Heuls House 2 and House 5. Thirdly, the
rationale for selecting specific sampling strategseexplained. Finally, | will discuss
why | chose to compare samples with respect tetteet of richness, relative abundance

and status.

5.1 Obtain and Modify Ozette Faunal Data

5.1.1 The Raw Faunal Database (RFD)
Permission was granted by the Makah Tribe to acttesdatabase containing the

faunal data from the Ozette excavations. The datbantained all the catalogued
information for the fish, mammals and shellfishlecled and identified from the Area
B70 excavations; and will be referred to as the Rawnal Database (RFD). Not all of
the material collected has been identified or cga¢d; the fish remains from House 5
and the exterior midden, as well as a small poiomammals and shellfish from the
exterior midden have yet to be identified. In spite¢his fact, the collection of identified
specimens is still impressive, consisting of miant306,000 shellfish specimens,
52,000 mammal bones and 24,000 fidfones, making it the largest known collection of

identified fauna from a single site on the Northin@sast. Although reported in

!> This number is small in relation to the other tvexause it represents only fish from inside Houaadl
2 and not exterior midden contexts.
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published literature (DePuydt 1994), the bird bdata were not available, and as such,
are not included in this research.

The database had not been utilized or analyzee #imcreation (Dr. Jeff Mauger,
pers. comm. 2007), and on close examination thgseaxred to be several minor
inconsistencies between the published reports ahelfauna and the actual database of
fauna. For example, a small number of shellfiskcigserecorded in the published reports
were not entered into the RFD. Similarly, the NI8Reveral mammalian taxa in the
RFD were different than the published NISP valugdtiese taxa. However, in all cases
the differences in NISP, not only for mammals dabdor fish and shellfish, were
minimal (<2%). These differences are not unexpegteen that the number of data
entries in the RFD is in the hundreds of thousands.

The RFD contained significantly more informatiomanhvas necessary for this
project and thus, the unnecessary information fiest to be removed. Since the research
in this thesis is focused on household archaeologly, those bones found within house
floor midden contexts have been included in ths®aech. Bones excavated from cultural
levels below (Levels VIII-VI) and above (Levels-l)ithe house floors (Levels V-VII)
are not included. Faunal data from House 3 werdtedhbecause it was only partially
excavated and therefore less amenable to samplamgHouses 1, 2, and 5.

Additionally, because the excavation grid of 2mrX @nits utilized at Ozette did
not have the same orientation as the House plasf¢see Figure 8), several units
contained fauna from both the interior and extemaiden contexts. In these cases, the
excavators recorded the context of a specimentaswva house, "exterior deposits" or

"uncertain or indeterminate context" (Samuels 1994d); any fauna of indeterminate or
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exterior midden context has not been included imttiesis. Investigating sampling issues
related to exterior midden contexts, comparing daspom the exterior midden with
those of the interior midden, or comparing saméecha from different cultural layers

would all be productive questions to research; havéhose questions are beyond the

scope of this thesis.
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Figure 8. 2m X 2m excavation unit grid and approximate hdosations for Area B70 excavations at
Ozette (Courtesy Ozette Archaeological Project).

The RFD also contained information pertaining &neént, portion, pathologies,
burning and other modifications for many of thegpens. This information was also
removed as it could not easily be accounted fomndreating a corrected faunal database
(see Section 5.1.2). Only the species, genus, Yaonlorder identification and the
excavation unit associated with each bone weraeted from the RFD for this project.

This did, however, create two minor limitationstsily, since descriptive information
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about each bone (element, portion and side) wasvedifrom the RFD, the minimum
number of individuals (MNI) statistic could not balculated. NISP values, despite some
limitations, are nevertheless an appropriate mettiaphantifying fauna (Grayson 1984;
Lyman 2008). In order to limit the biases relatedlifferential skeletal parts, data were
primarily compared within rather than between aasshe faunal data in this thesis were
separated into three classes comprising mammalafid shellfish. Secondly, because
additional information such as burning, articulatipathologies, etc. was not utilized in
the analyses, interpretations that would be relede¢tese characteristics of the bones
could not be made. For example, the Ozette researeingued that the distribution of
mammal bones which had been gnawed was differemt the overall distribution of
mammal bones, and therefore that the distributianammal bones was predominantly
the result of human behaviour rather than animbabeur (Huelsbeck 1994). These
interpretations have not been considered in theareh for this thesis because the
information about gnawing was not included. Nevelghs, by looking at the quantity
and distribution of different species within a dengouse floor or between house floors, it
Is possible to discern extensive information alibatpractices and social structure of the

inhabitants of these houses.

5.1.2 The Corrected Faunal Database (CFD)
Once all the information extraneous to this researas removed from the RFD,

the data needed to be manipulated for reasonsilbeddrelow; the resulting database is
referred to as the Corrected Faunal Database (Obib¢rent collection strategies will
result in different quantities and types of fauratenial recovered. At Ozette, roughly

half of the excavation units within each house weaed-picked in order to obtain a
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representative sample in terms of types and nundidaainal elements, while in the
remainder of the units, material was collected ley-screening the matrix through
6.4mm (6.4 millimeter) mesh (Huelsbeck 1994). Cdesably less faunal material was
collected using the former strategy. For the fish mammal collections, analysis of
variance (ANOVA) indicated a significant statisti¢p<.05) difference in the number of
specimens recovered using the water-screenedvangss the judgmentally-picked units
(Table 2; Huelsbeck 1994:56). Wessen (1994:134-¢88)ucted ANOVA on shellfish
data with more ambiguous results. He investigatecetfects of collection strategy in
relation to various groupand sizes, rather than considering the shelliidlection as a
whole, and discovered that while differences weggiicant for many groups, the
effects of differential recovery techniques weré¢ the same for all taxa. Based on his
research, the statistical differences were sigaifidor the groups of shellfish from the
exterior midden, Houses 1 and 2, but not from Hd&uddowever, the number of
specimens recorded in the RFD clearly showed ceralide differences in numbers
between the two sample strategies, and based @apé#ti@l nature of this research, |
decided that corrective factors were warrantedHmuse 5 as well. These were generated
by dividing the NISP of water-screened units byMi8P of the judgmentally picked
units. In the case of crab&8gncer productus) and octopus@ctopus dofleini), no
specimens were recorded in the House 5 judgmentilked samples, and therefore no
corrective factors could be generated. All the ective factors utilized for shellfish can

be found in Table 3.

'8 Not all shellfish were subjected to ANOVA; mostalaly, barnacles (Cirripedia) were not subjected to
ANOVA analysis.
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While the corrective factors aid in addressingdtierence in numbers found in
judgmental versus water-screened samples, themedabviously do not provide a
panacea for all issues related to differentialemlbn strategies. Taxa that are very small
and unlikely to be obvious to the excavator duhagd-picking, especially molluscan
remains, may be overlooked and omitted from a juslgad sample (Sparks 1961). This
may result in a significant underestimate of thardgity of that species from that unit
relative to other species which are more visibleerEwhen corrective factors are applied,
the numbers of these less-visible species maybstilinder-represented, as Wessen
(1994) argues may be the case for shellfish att®z8imilarly, McKechnie (2005) has
shown that the relative abundance and richnesshdfyofaunal remains are highly
dependent on the recovery method employed; eveerialascreened through 6.4mm
mesh will significantly under-represent small figbecies such as herring, sardines, and
eulachon. Additionally, if there are only a few sjpeens from a given species in an
excavation unit to begin with, it is more likelyatithese specimens will be collected in a
screened sample, but may be inadvertently overtbdkeing judgmental hand-selection.
The data from these units are likely to exhibitéowichness than water-screened units;
this cannot be rectified using corrective factdi@tunately, the issue of species richness
differences between screened and hand-selecteslwast minor for mammal and fish
remains at Ozette (Huelsbeck 1994). The relatilalye size of specimens, coupled with
the ubiquity of many species, resulted in theiokery and identification using either
sample strategy, although it is almost certain thany taxa were not identified at all as
they were not retained in the 6.4mm screens. Tivere several shellfish species for

which only a few specimens were identified in ehobse (i.e. rare species), and, not
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surprisingly, Wessen (1994:135) observed that bumdance of 24 species of shellfish
showed a high degree of association with the watezen excavation technique. In other
words, the richness of shellfish taxa from a giegnavation unit (EU) was correlated
with the excavation strategy, rather than beinariced solely by the deposition of
different taxa in the given EU.

Despite the biases inherent in any recovery methaddiessing differences in
quantities of fauna related to differential recgvechniques were particularly important
to address for this thesis because the spatiaildison of bones is of central interest. If
corrective factors had not been applied, spuriamgentrations — occurring because of
differential collection strategies rather than hessaof cultural behaviours — would have

made the interpretation of spatial patterning \@ffycult. It would also have made

Corrective factorsfor mammals and fish®
Data set Correctivefactors
House 1 complete mammal bones 1.64
House 1 mammal bone fragments 2.85
House 1 fish bones 5.50
House 2 mammal bones 1.31
House 2 mammal bone fragments 7.33
House 2 fish bones 13.75
House 5 mammal bones 2.22
House 5 mammal bone fragments 1.61

Table 2. Corrective factors applied to judgmentally-pickeanples of mammal and fish.
#Based on data from Huelsbeck (1994:56).

Corrective factorsfor shellfish
Dataset Corrective factors

House 1 House 2 House|5
Bivalves 3.46 4.37 4.44
Univalves 2.05 11.27 4.27
Chitons 6.38 26.47 14.33
Octopus 5.50 96.33 Not possible
Crabs 18.00 10.65 Not possible
Sea urchins
(Strongylocentrotidae) 1.8f 5.32 1.85

Table 3. Corrective factors applied to judgmentally-pickedinples of various shellfish classes.
® All corrective factors, with the exception of Houseorrective factors, have been obtained from \&tess
(1994:138.)
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the effects of sampling on these distributions \@ffycult to separate from the effects of
recovery methods, and therefore corrective fact@® deemed appropriate and
necessary for this research. These correctiverfaetere applied only to the
judgmentally picked excavation units in the RFDeThasultant database, the CFD,
included the actual number of identified specimieos) water-screened units, and a
corrected value for the number of specimens frashgmoentally-picked units. Once all of
the corrected factors had been applied, the ragutFD was displayed spatially. Up
until this point, the data were simply numericalicts of species associated with an
excavation unit (see Table 4 for a summary of faoaants, or Appendix 2 for a list of

the entire faunal assemblage once corrective fattad been applied).

House 1 House 2 House5
NISP for fish 7,420 40,597 No analysis
NISP for 7410 13.866 2286
mammal
NISP for 33,516 135915 11,521
shellfish
Total NISP 48346 190378 13.807

Table 4. NISP values for corrected data from House 1, H&ssd House 5.

5.2 Spatial Display of the CFD
Data from Houses 1, 2, and 5 were displayed usBRIRRCMAP 9.2 software.

After drawing the outline of the three houses basethe site map provided by the
Ozette researchers, the 2m X 2m excavation units then drawn as a separate layer.
Each excavation unit was then given the unit degign used for the original excavation
(Figure 8). The CFD, which included the unit desitgpn for each bone, was then linked
to the excavation units that were drawn in ARCMAPthis way, all the faunal data were
given a general spatial location, if only defingdtbeir association with a specific

excavation unit (EU).
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Technically, sampling could begin at this stageyéwer, the areal nature of the
data had to be addressed. Ideally, numerous sietléatcavation strategies including
auger, judgmental and probabilistic sample metlshdsild be tested; however, 2m X 2m
excavation units lack the flexibility to allow ot test all of these strategies.
Additionally, as discussed in Chapter 3, issuehe®MAUP complicated the sampling at
Ozette if the data had been left in areal formorlter to generate multiple configurations
and aggregations of sample units (i.e. different@ang strategies) without generating
results that were affected by the MAUP, the faw#& were converted from areal data to
point-provenienced data. This was accomplishedcabgomly distributing the number of
bones for each species within each excavation kartexample, if Excavation Unit #45
(EU #45) hypothetically contained 312 lingcdabbiodon elongatus) bones, then 312
points would be placed randomly within EU #45, epomt representing one lingcod
bone. The actual distribution of all taxa is diffiet than this randomization within each
unit. In some cases, it is likely that the faunenme evenly distributed throughout the
unit, while in other cases, (e.g., articulated l®)nte random distribution is less
clustered than in reality.

A side effect that resulted from the display ofdadlthe bones from each EU as
individual points is that the boundaries of the Ei#se in some cases visible because of
the density of faunal remains found within thesesEEigure 9). Because the data were
only displayed in two dimensions, all of the fawmas displayed as if it were distributed
within the unit at the same depth below the surfatactuality, the fauna was
continually deposited during the occupation ofltbese resulting in an average midden

thickness of 23.2cm, 24.1cm, and 10.2cm for Hoyd¢olise 2 and House 5 respectively
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(Samuels 2006:210). The layers of clay did creatserete house floor midden separate
from the cultural layers above and below it, and therefore appropriate to group all the
fauna from a single house floor together. Howetrex visual display of this fauna should
not be interpreted as fauna lying on the surfacelwduse floor, but rather as the sum
total of all of the fauna incorporated into theriy surface during the occupation of a

house.

Figure 9. Spatial distribution of shellfish in House 1 isgleyed above in order to demonstrate the density
of faunal remains. Each point represents a bona fiven species that has been distributed randomly
within the excavation unit from which it was exctaa Different shades represent different taxa.

In addition to the MAUP, another issue which hatbécaddressed was the lack of
data for several units. Once the data were impdrted the database into ARCMAP, it
was observed that a few excavation units in HouseKed data for one or more classes
(i.e. the shellfish, and/or fish, and/or mammahbdaere completely absent). In most
cases, these units were near the edge of the hodse several cases these units were
near the front of the house where wave action hadeel part of the house and therefore
no intact interior midden remained. There were #tsee excavation squares in the

middle of House 1 for which data were missing.dfadwere missing, the NISP for each
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species of the surrounding units were averagedette€ data for the excavation unit
lacking data.

The data displayed in ARCMAP, as documented iri@2&.1 and 5.2 above,
have been manipulated and therefore do not refregantly the original fauna
excavated from Ozette. These manipulations (1)maze differences between collection
strategies (by using corrective factors), (2) aotdor missing data (by averaging data
from surrounding units), and (3) address the MAbLYsing point distributions rather
than areal data). Despite the manipulations, théafy displayed data are a plausible
archaeological assemblage from a NWC house, remessbéy a large number of
different taxa with different patterns and degrekspatial clustering for each taxon
within each house. These are characteristics that heen observed at other excavations
of shell-midden house floors to date. The resultdifferent sample strategies applied to
this dataset should prompt researchers to consaerthey sample other houses at other
village sites, as it is likely that the fauna fréimese houses exhibit a scale of complexity
that is similar to the faunal distributions basedlre Ozette data. As such, a sampling
simulation of the dataset generated for this thegssheuristic value for future

excavations at other fauna-rich house floor deposit

5.3 Selecting and Testing Sample Strategies
Once the faunal data were displayed for each h@asepling units could be

placed within the house. This was a two-step pogkich required excavation units to
be gridded over the entire house, and then diffareits selected according to specific
sample strategies. Units which were 50cm X 50ciiza were chosen as the basic unit

for the sampling simulations, except for the awggmples. This size of unit was selected
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for several reasons. Firstly, this is generallysirallest size of areal unit utilized in
excavations on the Northwest Coast and therefaaeciese approximation to reality.
Secondly, this size is not too small to excludegbssibility that each one could serve as
an evaluative unit on its own. Thirdly, in orderad@ate judgmental excavation strategies,
50cm X 50cm units allow for flexibility in that tnehes, non-symmetrical and unevenly-
spaced sampling schematics are much easier toxapyate with 50cm X 50cm units,
which can then be aggregated if necessary to egplibese different sampling strategies.
There are almost limitless sampling designs thatdcbe tested; however, the
ones applied in this thesis were selected becdubeio heuristic value and the
possibility that they would be used in future exatgans. Both probabilistic and
judgmental strategies were tested. The specifipgssrthosen for each group are
discussed below. In order to demonstrate how thaswle strategies were applied,
schematics from House 1 are presented in Figur&d Oiew all the sampling strategies

for all three houses, see Appendix 3.

5.3.1 Probabilistic Samples
One of the probabilistic sample methods evaluatasi simple random sampling.

Three sample fractions were chosen: 1%, 5%, and T0&e were several reasons why
these sample fractions and this method were chasigally, the small sample sizes were
chosen to observe whether or not samples of théssdill produced accurate results.
Another reason random samples were tested wasripare them to judgmental sample

strategies. As noted in Chapter 2, many house exicans sample nearly 50% of the
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A) 1% random sample (trial 1) E) 0.1% systematic sample (auger)

H) Dionisio Point excavation strategy (40%)

D) 5% systematic sample (evaluative units)
Figure 10. Sample strategies applied to House 1.
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house, and if the small random samples appearie€ just as accurate as the larger
judgmental samples, there is the possibility ofifidanore with less".

In order to generate random samples, a random nugeiperator randomly
selected’ 50cm X 50cm excavation units; the total numbeurtfs selected was based on

the number of units required for the sampling fiiacin question (see Table 5).

Number of
Sample Strategy 50(_:m X 50cm Area Excav?;neg Per cenltz)c()fcé-\l/g?:g
units
9 2.25 1.1%
Random 42 10.5 5.4%
84 21.0 10.8%
Systematic (auger) n/a 0.19 0.10%
House | Stratified Systematfc n/a 12 6.14%
1 Systematic (evaluative 40 10 5.1%
units)
Huu7i 123 30.75 15.7%
McNichol Creek 284 71 36.4%
Dionisio Point 321 80.25 41.0%
7 1.75 1.1%
Random 35 8.75 5.4%
70 17.5 10.8%
Systematic (evaluative 36 8.5 5.2%
House .
5 units) _
Systematic (auger) n/a 0.157 0.10%
Huufi 99 24.75 15.2%
McNichol Creek 234 58.5 36.0%
Dionisio Point 264 66 41.0%
8 2 1.2%
Random 36 9 5.4%
72 18 10.8%
Systematic (evaluative 35 8.75 5.2%
House ;
5 units) _
Systematic (auger) n/a 0.18 0.10%
Huu7i 104 26 15.7%
McNichol Creek 234 58.5 35.2%
Dionisio Point 259 64.75 39.0%

Table 5. The sample fraction and corresponding area exedvat various sample strategies at Houses 1, 2
and 5 at Ozette.
#This sample strategy was only applied at Housetédbfor intra-house differences in status.

" Units were selected without replacement: onceitawas selected it was not available to be selected
again within the same sample. This type of randamging requires more complex statistical theoanth
sampling with replacement; however, in practicehaeologists would not select the same unit twice i

single sample (Orton 2000).
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This operation was performed three times in ordgaroduce three different sample
results for each sample fraction. Multiple samplese generated because it is difficult to
evaluate the efficacy of a given sampling fractiased on a single random sample.

There is the possibility that the chosen randompsammight be particularly
accurate and therefore might have performed exaegity well when compared with
other random samples of the same sampling fracfiba.reverse may also be true: any
given random sample may be inaccurate when companmedst others from the same
sampling fraction. By testing three samples, it Waged that if a particularly anomalous
sample was drawn, it would become apparent wherpaoed to the other two samples.
Additionally, running a small number of sample®a# the results of each sample to be
analyzed individually. This is a close analoguer&ality, in which only one sample
would be excavated from a house. By investigatisghall number of samples, the
accuracy of shellfish remains from a sample cacdmepared to the accuracy of fish
remains and to the accuracy of mammal remains thensame sample, in order to
observe if all datasets are equally accurate fpven sample. It is possible that these
different classes of fauna vary systematicallyhiirt distribution within a house, and it
would not be unexpected if only one or two outlefge three datasets were found to be
accurately identified in a single sample. With amumber of simulations, individual
taxa can also be examined in relation to othersrder to establish if any particular
taxon is consistently over-represented or underessmted.

Using only three samples from each house allows sample to be scrutinized
individually, and in doing so approximate a "realfid" excavation scenario in which

only a single sample would be excavated. Howehernumber of samples is too small
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to develop statistical probabilities concerning dffecacy of a particular sample size
compared to another sample size. In order to ilyastthese probabilities, Monte-Carlo
simulation of random samples was undertaken foniédd number of research
guestions. Briefly, Monte-Carlo simulation involvepeatedly drawing random samples
and observing the results for a target variablerder to ascertain the confidence limits
and the probability of success at the given sarmptgion (Cannon 2001). Monte-Carlo
simulation was utilized on two specific target @aies in this thesis. The first, richness,
was developed to ascertain the probabilities aftiigng a given number of taxa using a
random sample strategy of specific size (see Chéptection 6.4). The second target
variable was high-status symbolic shellfish and le/lisee Chapter 8, Section 8.1). These
taxa were investigated in order to develop proltaslthat a random sample of specified
size would indicate differences in status betwemmsks based on this fauna.
Hypothetically, if 490 out of 500 random sampleavadn from House 1 showed
considerable differences when compared to Housa@m samples, the probability of
success (98% or 490/500) might provoke researt¢berse such a strategy. Future
research using this dataset may expand the useofeMCarlo simulation to provide
confidence limits for entire classes of data, big is beyond the scope of the present
research.

While investigating random samples will indicatenatbat extent these samples
may reduce the amount of faunal data being excdweaitbout resulting in a significant
loss of information, the random sampling methoddras major drawback: it is difficult
to implement in the field. Firstly, determining thkacement of units is complicated

because they follow no logical order. In order¢owaately place the sample in relation to
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other sample locations within the house, it mapbeessary to create a grid on the
surface of the entire house floor. Creating thid gr complicated and time consuming,
and has the potential of being inefficient if oalgmall fraction of the grid is to be
excavated. Secondly, in order to execute a randonpke strategy, units may need to be
placed in locations that are difficult to access. &ample, units which are randomly
placed where a tree is growing within the houséqta will be difficult to access and
may contain information of limited value given ttisturbances to the archaeological
deposit caused by the root structure of the tremllly, previous archaeological work at
Ozette and other sites (e.g., Ames et al. 1992pfaod 2006; Grier 2006; Samuels 1994)
has shown that the interior of a longhouse is Figleterogeneous in its artifact and
ecofact composition, and random samples may nptdoed in all of these distinct
activity areas, a scenario unpalatable to manyarebers. Although larger judgmental
samples may target these areas more directly, nausaonples do not require aayriori
assumptions about the division of space within@skRoAs such, this latter sample
method may sample areas of the house which ardlyisoatested, and in doing so may
provide data that reinforce or call into questigslanptions made about the internal
organization of space within a longhouse.

With the preceding information in mind, systemaiaenpling offers an alternative
probabilistic method which is much easier to operatlize than random sampling
because excavation units are placed at equal aiterherefore, once the location for the
first unit has been defined, the location of alletunits is easy to determine. Admittedly,
there may still be difficulties if there are mamges growing on the house platform. The

other issue with systematic samples revolves arthmgotential for elements within the
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population to occur at the same interval as thepgammit. In these cases, samples will
contain all or none of that element depending oetivr their placement coincides or
not.

Two systematic samples were tested at all threedowa 5% systematic sample
based on 50cm X 50cm evaluative units, and buckge® samples which covered
approximately 0.1% of the house floor at each holaeh of these strategies was chosen
because it represents probabilistic sampling dedigat could plausibly be implemented
in the future. The use of auger samples to traekghs in relative abundance of fish
species has already been documented (Cannon 20@Dhy testing this strategy at
Ozette, its efficacy to identify spatial differesae a single house floor can be evaluated.
Similarly, a 5% systematic sample of evaluativesusignificantly reduces the quantity
of data excavated when compared with larger judgahstrategies. If this strategy
works, there is an opportunity to investigate salvbouses rather than just one and
obtain comparable data from each house investigated

A stratified systematic sample strategy was alsteteat House 1 in order to
observe whether differences in status could bermdted using fauna based on this
sample method instead of using a much larger jud¢gmheample. House 1 was divided
into nuclear family living areas of approximatehgetsame size and then a single 1m X
1m excavation unit placed within each of these earcfamily living areas. Technically,
this sampling design contained elements of botbadvdistic and judgmental sampling
strategies. On the one hand, each stratum (i.b.raadear family living area) had an
equal probability of being tested, which is simiiaprobabilistic sampling where the

sampling intensity for each stratum can be defi@dthe other hand, each sample unit

18 The diameter of the bucket-auger used in this kitimn was 10 centimeters.
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was intentionally placed in approximately a systeofashion within each stratum in an
attempt to sample all areas of the house while 8aghpach individual family area.
Since this strategy was created with a very spepirpose, it will only be examined in
terms of its ability to indicate intra-house difaces in status (see Chapter 8, Section
8.4).

5.3.2 Judgmental Samples

The other category of sample strategies testedudgsnental samples. It was
decided that existing judgmental sample designms ther house excavations on the
Northwest Coast would be utilized. Since the auttaat intimate knowledge of the
spatial distribution of all fauna within each hougevould be impossible to create
judgmental strategies without intuitively predigfithe results, and therefore another
source of judgmental sample strategies was requiaditionally, using existing
excavation strategies allowed for a detailed amalyshousehold method and theory.
The results of these samples methods could betasadluate their ability to accurately
detect status differences on a dataset for whicktlamographic pattern is known to be
reflected by the distribution of specific fauna,sthe case at Ozette (see Section 5.4.3
below).

The specific sampling designs chosen were baséldeoduuTi (Frederick et al.
2006), Dionisio Point (Grier 2006) and McNichol €kg(Coupland 2006) sampling
designs. There were several reasons for selettesgtparticular sampling designs. The
houses at these sites contained fauna-rich hooserflidden, and therefore the
researchers had to address the amount of faunsagdan their samples, much like at

Ozette. Secondly, the Hulw@nd Dionisio Point sites contained houses ofdied-roof
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type which are of the same general form as thedwatsOzette, and therefore likely
shared some of the same internal features witht©gath as benches, hearths, and a
central communal area. As a result, the house middgosits at all of these houses may
be structured in similar ways. Strategies usecktawate other shed-roof houses, such as
the excavations at Shingle Spit, Tualdad Altu cal&did, were not chosen because their
sampling strategies were not articulated very tle&tfowever, a third judgmental
strategy was desired, and the sample strategyftoNichol Creek excavation of House
O was selected. This sample strategy was seleetzlibe it was clearly articulated and
because a data-rich midden was uncovered at thisehdespite the fact that it is a
northern coast type rather than a shed-roof tyeedizette (Coupland 2006; Gahr 2006).
There is considerable variability between eachhesé sample designs with
respect to their size and their spatial configorafiFigure 10). The Huuii’sampling
strategy is the smallest sample (15%), and focosdke rear of the house. The
McNichol Creek sampling strategy is significantyder (35%) and focuses on the
middle of the house as well as on one of the rearers of the house. In contrast, the
Dionisio Point sample is only slightly larger thidr@ McNichol Creek strategy (40%),
although a combination of trenches was employeshitople many distinct areas of the
house. These samples also allow one to considaghehihe interpretation of Ozette data
would change if the researchers had not excavheedritire house, but had instead
utilized a strategy similar to ones used at otites ©n the NWC. The purpose was not to

evaluate the efficacy of these sample methodsein dniginal context.
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5.4 Narrowing the Focus

Once the sample assemblages had been derivedthsistyategies described
above, the questions that could be investigatedtdr@ery numerous. In order to
maintain a focus, several avenues of research pugseied in favour of others; these foci
have been divided into three phases of researahfifigh phase is an investigation of the
relationship between richness (NTAXA), and sampiategy. The second phase is an
examination of the effects of sampling on the retabundance of fauna. These two
phases were approached primarily with methodoldgimacerns in mind. Subsequently,
these methodological concerns were re-examinedmtitie context of an interpretive
issue: the relationship between sample strategytenohterpretation of status. In other
words, the sample strategies that provided the axxstrate prediction of the known
differences in status between and within hous€&@wzatte are assessed. This final phase
is of particular relevance to Northwest Coast aeclagy, given the hypothesized
relationship between the development of complexitgtrarchy, and sedentism and the
role that houses played in these developments (&20@%; Ames and Maschner 1999).

The three phases of investigation are elaboratiesvbe

5.4.1 Phase 1. Taxonomic Richness
Faunal analysts are interested in the degree ichvtheir samples accurately

identify the range of species found within the sitéeature they are excavating, as this
measure is often used to infer different resouxgotation patterns. Large NTAXA
values are often interpreted as indicative of aten resource base, while small NTAXA
values are interpreted as specialized resourceikipbn (see Lyman 2008:179, and
references within). At Ozette, for example, theoteomic richness of mammals at House

1 was less than at House 2, which led to the thémtyhousehold members at House 1
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were more specialized (i.e. narrower dietary bi@aidttheir subsistence practices than
were House 2 household members (Huelsbeck 1994)e\Wkerpretations based on
richness may seem straightforward, they are nohded in Chapter 3, NTAXA values
may have as much to do with the size of the samplsith the actual taxonomic richness
of the target population, making direct comparisbesveen assemblages difficult. The
effects of sampling on richness will be investigiatath respect to several questions:

1. How does richness vary with sample size?

2. How does richness vary with sample method? Daitesample methods perform

more optimally than others, and if not, does thiply a lack of correlation between

sample method and NTAXA values?

3. When taxa are not present in a sample, what lohtlxa are omitted? Is it because

they are rare and therefore less likely to be fGualiernatively, are there abundant

taxa whose clustered distribution results in tabsence from most samples?

4. Are there significant differences between anyhefliouses in terms of the

effectiveness of different sample strategies?dferare differences, what are causes of
these differences?

5.4.2 Phase 2: Taxonomic Abundance
Determining the effects of sampling on NTAXA igarmative; however the

interpretive potential of the relative abundancéaah is much greater. Relative
abundance may be used as the measure of the ralepefific taxon to diet (Jones
2004). This requires further interpretation andtimng about the reasons why certain
foods were consumed in favour of others and indudasons such as ease of capture,
caloric value, social significance, or some comtimaof all of these reasons (Reitz and
Wing 1999). The distribution of fauna is also usethfer behavioral patterns over time

and space through an examination of the changegative abundances. Given the
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centrality of relative abundance data to the tygfaaterpretations listed above, four
guestions were considered for the samples takem &éach house at Ozette:

1. How accurately do different sample sizes idgrhg relative abundance of all
taxa?

2. How accurately do different sample methods idiettie relative abundance of all
taxa?

3. Do certain sample fractions work better foreliéint classes of data? Do smaller
samples work better for specific classes than titefor others?

4. Is there significant variation in the accuraéya@iven judgmental sample strategy

when it is applied to the different houses at @Z&tt

5.4.3 Phase 3: Status
As noted in Chapter 2, differences in status arerdral component of research

on the Northwest Coast. Differences in faunal agdages are often seen as proxy
measures of status both between and within hoesgs Coupland 2006; Crabtree 1990;
Kirch and Jones O'Day 2003; Moss 1993). The indrsadf status that will be tested are
summarized in Table 6. Specifically, the followiggestions will be investigated:

1. How does sample size affect the interpretatistaius between houses?

2. How does sample method affect the interpretaif@tatus? Does one sample strategy
perform more optimally as an indicator of statusMeen houses?

3. Is it possible to get an inaccurate interpretatf inter-house status using sample
strategy?

4. Can sample strategies identify intra-house diffees within House 17?

This chapter has presented the methods used te ere@taset for sampling
simulation, discussed which sample strategiesheilevaluated, and described three

specific phases of research which will be inveséidaln Chapter 6 | turn to the first of
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these phases of research — an investigation oflsagrgnd richness — and present the

results of the sampling simulation.

Explanation given by Ozette

(o

2

Indicator of archaeologists (Samuels 1994;
Status Huel sbeck91994(1; Wessen 1994) | Pattern observed at Ozette
based on ethnographic accounts
Decorative, Exotic shells were a form of House 1 had a much higher abundan
ceremonial and money and a symbol of wealth | of these of these species, compared
symbolic and prestige. House 2 and House 5.
(DICIS)
shellfish
Inter- Whale Known as a high-status food andHouse 1 had more whale than House
house the hunting of whale was a hight or House 5.
status status activity.
Relative These fish species have specifig¢ Relative abundance of salmon and
abundance of | ecological habitats and may halibut higher in House 1 than House
salmon and indicate control of resource
halibut locales.
Decorative, Exotic shells were a form of D/C/S shellfish was highly clustered
ceremonial and money and a symbol of wealth | within House 1. One cluster occurred
symbolic and prestige. In particular, the | near the NE rear corner of the house
(DICIS) rear corners of the house were | and another occurred near the SW
shellfish considered high-status corner.
Whale Whale consumption and whale | Much of the whale in House 1 found
Intra- hunting were associated with along the rear (east) wall of the hous
house high-status individuals who lived
status in the rear of the house.
Fish Concentrations of fish are Distinct clusters of fish occurred near
concentrations | indicative of high-status nuclear| the NE rear corner, indicating that a

U

family consumption and/or
feasting, an activity hosted by
high-status heads of households

nuclear family likely consumed more
of these taxa. Another cluster occurre
.near the middle of the house, likely

2d

indicating feasting activity.

Table 6. Ozette indicators of status based on faunal data.
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Chapter 6: Effects of Sampling on Richness (NTAXA)

The number of fish, mammal and shellfish taxa idiext at each house is
presented in Figure 11. It is clear that the nunabelifferent taxa identified (NTAXA) is
not correlated with the absolute quantity of idieed specimens. This is a trend that has
been observed at other sites: the majority of tlaxem assemblage are identified once
NISP values of several hundred have been reachgd Qeiver 1993; Grayson 1984;
Lyman and Ames 2004; Lepofsky and Lertzman 200B5n&y 2005). These values are
much lower than the tens of thousands of bonegifahat each house at Ozette. Nearly
four times as many specimens were identified atdddurelative to House 1; however
the NTAXA value for each house is very similar (10@ 95). The lower NTAXA value
for House 5 (54 taxa) compared to House 1 (95 tamd)House 2 (100 taxa) is due in
large part to the fact that fish remains were matiyzed or identified at this house.
Accordingly, any comparison between the absolutaber of taxa identified in House 5
and the absolute number of taxa identified in Heusand 2 will be avoided. The
primary objective of these analyses is to compaeestfect of sample strategies within a
single house, and the lack of direct comparabidéyween houses is of less interest in this
particular research.

It is also informative to investigate if there &a@a which are consistently present
or absent. For instance, one would expect thatteas@would be less likely to be
sampled than abundant taxa, as has been obsesesthere (Grayson 1984; Lepofsky
and Lertzman 2005). However, if abundant taxa ateilduted in a highly clustered
pattern within a house, then they may be absent frany samples. In order to test this

hypothesis, abundant taxa have been arbitrariipeléfas the most abundant taxa which,
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when their relative abundances are summed, comp®@% of the faunal assemblage by
NISP for a given house. In contrast, rare taxadafmed as the least abundant taxa
whose combined relative abundance constitutes appately the remaining 10% of the
assemblage. Each class (fish, mammals and shilifeh examined independently, since
the NISP for these three groups differs signifigaand if combined, would obscure

patterns that exist within each group.

Number of taxa identified to different
taxonomic levels at Ozette

‘D Species [0 Genus [ Family B Order ‘

120

1

— [

100 +

12
80 - 1
60 0
[
6
40 A 77 80
20 | 44
0
House 1 (NISP=48,346) House 2 (NISP=190,378) House 5 (No fish taxa)

(NISP=13,807)

Figure 11. Taxonomic richness at the Ozette houses.

When measuring the NTAXA of a sample from each boasly taxa identified
to the genus and species level were included (agGn (1984) suggests). Lyman
(2008:174-175) argues that richness should onlyalb®ilated at a single taxonomic level
(i.e. genusr species), since summing the richness of both mesyltrin the same
phenomena being counted twice (once at each taxiorienel). In contrast to both

methods above, Monks (2000) included all taxa wiemhld be identified to family,
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genus, or species, arguing that important taxa vegneesented at the family level and
therefore should be included. Several taxa whiehcansidered central to subsistence
practices, in particular, salmo@rfcorhynchus spp) and rockfish $ebastes spp) are
identified only to genus in the Ozette collectiodherefore it was decided that genus-
level identifications should be included; howevaxa identified to family and order only
were not included. This did present a small problenthe analysis of fish taxa, as two
of the most abundant taxa were identified to faraityy (surfperches and sculpins).
Given this fact, when "abundant fish taxa" are dbsd throughout this chapter, they
refer to the abundant fish taxa identified to geang species. These abundant fish
(identified to species/genus) are representedveyand six taxa at Houses 1 and 2
respectively. The other classes of data did ndesfrom this complication as all
abundant taxa were identified to genus or speeies .|

The NTAXA values are graphed versus sample siee {he percentage of the
house floor excavated) rather than NISP. Sampéewséas selected because it allows for
the comparison of the efficacy of a single sampiatagy at different house3If NISP
were used, then any sampling strategy at used Housrild appear to be more optimal
when compared to House 2, simply because the fanasemany fewer bones contained
within its house floor. Additionally, describingregle size as a percentage of a house
floor is more easily applied in a "real-world" seein. Researchers are much more likely
to wonder "how accurately do the bones containedinviL0% of a house floor identify
true NTAXA values?" than they are to ask "if | idi&n X number of bones, what
percentage of the true NTAXA value have | likelgmtified?". This can occur because

different taphonomic processes may alter NISP waitnech more drastically between

9 Note that this isiot the same as comparing the actual richness offezese to one another.
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houses than they alter the percentage of a hoeskeddo be excavated in order to assess

richness.

6.1.1 House 1 Results
The number of taxa identified to genus or spe@esllusing different sample

strategies at House 1 are shown in Figure 12. dhelation between sample size and
the number of taxa identified is obvious: excepttfe two largest sampling fractions, for
every increase in sample size, there is also arase in the number of taxa identified.
Systematic augering of House 1 revealed the smallesber of taxonomic
identifications (14). Using a Dionisio samplingag&rgy (40% sample size), 77 taxa
(87.5% of the taxa identified to genus/species)evigentified. The variation between
samples of the same size was minimal. The threeatitdom samples identified 33, 33
and 39 different taxa, the 5% random samples 56almd 58 taxa, and the 10% random
samples identified 64, 65 and 66 taxa.

Sample method does not appear to have a largd effdbe number of taxa
identified: for every increase in sample size, ¢hsran increase in the number of taxa
identified. If there were to be a significant adizage or disadvantage to a specific sample
method, one would expect a NTAXA value that coudd e@asily be explained by sample
size. For example, if the 10% random samples ifledtmore taxa than the McNichol
Creek or Dionisio Point sample strategies, it cdagdargued that 10% random samples
have the potential to perform more optimally inith@entification of NTAXA than do
these larger judgmental samples. Based on the somalber of random samples

described thus far, such an argument is not ddfknsi



81

House 1 Richness
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Figure 12. Richness (or number of taxa identified) at Housesihg various sample strategies.

When considering which taxa were absent from sasjii was primarily the rare
taxa which were not identified, with the exceptairthe 0.1% auger sample results.
Auger sampling failed to identify lingco@®phiodon elongatus), dog Canis familiaris),
and clam Tresus sp.), all of which are abund&ftaxa. All abundant taxa were present in
all other samples except one, suggesting that émrsk 1, taxa which were not identified
in a sample were most likely absent because of tagty within the house. There is a
single exception which requires further explanatibime "1% random trial 2" did not
contain any remains of dog, despite the fact thiatthe second-most abundant

mammalian taxa at House 1. The distribution of sipiecies within the house was highly

20 Abundant mammals, fish, and shellfish are reprteseby only a few taxa at House 1: 2 mammalian
taxa, 5 ichthyofaunal taxa (identified to genusésgse) and 8 molluscan taxa.
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clustered®, which resulted in its absence from this particsmple despite its relatively

high abundance when compared to most other manmmtalka.

6.1.2 House 2 Results
The results from House 2 exhibit minor variatiémen the results at House 1

(Figure 13). The fewest taxa (28) were identifisthg the systematic auger sample;
however, the "1% random trial 2" did not identifynsiderably more taxa (34 taxa) than
the auger sample. Unlike House 1, the values i # random samples varied
considerably (33, 44, and 49 taxa). In contrast differences between most of the 5%
and 10% samples were minor. All of these samplesmbone (the "10% random trial 1",
81 taxa) fell within the range of 65-73 identifitzka.

At House 2, sample size does influence NTAXA vallesvever, it appears that
sample method may also influence this value irctis® of one particular method. The
Huu7ii sample strategy (15%) did not identify as maawet as any of the 10% random
samples or the 5% systematic sample, indicatingtileaHuuT strategy may be a sub-
optimal configuration of excavation units for idiéying the NTAXA when compared to
probabilistic sample methods. Additionally, the Bigio Point sample strategy identified
fewer taxa than the slightly smaller sampling fiaetprovided by the McNichol Creek
sample strategy.

Much like House 1, the taxa which were consisteidigntified in all samples are
the abundant tax& Northern fur seal@allorhinus ursinus) accounted for more than

90% of the NISP for mammals at House 2, and thezefth other mammalian taxa were

% The clustered distribution @fanis familiaris at House 1 was observed visually and verifiedssiedlly
using nearest neighbor analysis (p<.01).

22 puger samples identified all abundant taxa at ledjswhich was not the case at House 1; theseidiffe
results are discussed in greater detail Section 6.3
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considered rare. Not surprisingly, this species iastified in every sample, and
abundant fish (6 taxa) and abundant shellfish gka)twere also found using every

sample strategy.

House 2 Richness
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Figure 13. Richness (or number of taxa identified) at Hou$erarious sample strategies.
6.1.3 House 5 Results

The results from House 5 are shown in Figure 14whis Houses 1 and 2,
systematic augering identified few taxa (6), arsdwéh House 1, several abundant taxa —
— littleneck clam Protothaca staminea), black leather chitorK@atharina tunicata), and
blue musselNiytilus edulis) — were not identified using this sample stratéidye 1%
random samples from House 5 were similar to theltefrom House 2 and exhibited

some variation in the number of taxa identified, (18, and 19); however there was little
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variation within or between the 5% random and gstesnatic samples (29, 29, 30, and

32 taxa ) and the 10% random samples (34, 34, anaxa).
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Figure 14. Richness (or number of taxa identified) at Houser%arious sample strategies.

There is a distinct correlation between sample aimktaxa identified for this
house as well, with one notable exception: the Hwample strategy, which, as at
House 2, did not identify as many taxa as the 1&¢loam samples. With respect to
abundant taxa, abundant shellfish at House 5 @) tarre identified in all samples, with
the exception of the auger samples and the "1%orartdal 1". In this latter sample, the
remains of the abundant taxa blue mussel weredeotified because its distribution was

clusterec?® Northern fur seals accounted for more than 90%h@mammal assemblage

2 The clustered distribution of blue mussel wasfiestistatistically using nearest neighbor analysis
(p<.01).
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and therefore all other taxa were considered edfsample strategies identified this

abundant species.

6.2 Rarefaction Analysis
As an alternative method of investigating thecgitly of different sampling

strategies to identify NTAXA, rarefaction analygsee Chapter 3; Gotelli and Colwell
2001) was executed for each house. Rarefactiolysisavas performed using the
rarefaction softwar&stimateS (Colwell 2005). By using the rarefaction softwakeas
able to compare non-random samples to a statigtibatived expected mean value for
random samples of any size. This is, in effectatidical derivation analogous to a
Monte-Carlo simulation (Colwell 2005) and has tdeantage of including a margin of
error of 2 standard deviations above and belovstatstical expectation of richness
based on a random sample of any éf2d¢on-random samples which fall outside of 2
standard deviations of a random sample of the sameecan be considered significantly
more or less optimal than a simple random sampies fype of analysis is statistically
rigorous, in contrast with the three random samgtagvn from each house presented in
Section 6.1 above, which are not. However, thisfeation technique does have one
drawback: it does not specify which taxa are preaad which taxa are absent for each
sample iteration. This type of analysis therefdacersbt provide information on abundant

versus rare taxa, which is precisely what the ola&ection 6.1 elucidated.

%4 Note, however, that the standard deviation abbeertean is not accurate as one approaches asynptoti
values. The software is meant to be used on samblie) could potentially contain additional taxaribre
samples were added. The standard deviation abeva¢an once the asymptotic trend is observed duies n
apply in this case because it is a known populadod therefore new samples would not produce new
taxa. This is of minor concern in this particulase as the sample sizes of interest are smalle 50

and therefore the standard deviation above the sdaglow the total NTAXA value for a given house.
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The results of the rarefaction analysis for Housesand 5 are presented below
(Figures 15-17). All non-random samples at Houfal Within 2 standard deviations of

a random sample, although they are all below thigsstal mean. This appears to

Rarefaction Analysis, House 1
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Figure 15. Rarefaction analysis for House 1. The solid liegresents the estimated mean richness, the two
dotted lines indicate 95% confidence limits fordam samples. Other sample results are also listed.

indicate that at House 1, non-random sample metaabkely to perform as well as
random sampling methods if the random sample isdnee size as the judgmental
sample. It was noted in Section 6.1 that no samm@ihod (probabilistic or judgmental)
appeared to be more optimal than any other; thdtsesf rarefaction analysis also
suggest that this is the case at House 1.

At House 2, the results are somewhat different. 3%esystematic sample
identifies more taxa than most random samplesef#ime size, suggesting it is an
optimal sample method to use to identify the NTAXtAdoes fall just within two

standard deviations, and therefore this resulbistatistically significant. The Huu7
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Rarefaction Analysis, House 2
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Figure 16. Rarefaction analysis for House 2. The solid liegresents the estimated mean richness, the two
dotted lines indicate 95% confidence limits fordam samples. Other sample results are also listed.

Rarefaction Analysis, House 5
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Figure 17. Rarefaction analysis for House 5. The solid liegresents the estimated mean richness and the
two dotted lines indicate 95% confidence limits fandom samples. Other sample results are alsallist
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strategy falls outside of 2 standard deviationsianberefore statistically significantly
less likely to identify the same number of taxaaandom sample of the same size. Both
the Dionisio Point Strategy and the McNichol Cr&tategy fall well within 2 standard
deviations for House 2, indicating that they do petform significantly worse or better
than random samples of the same size. These resulfism the trends observed in
Section 6.2: at House 2, there are differencesTiAXA values which are attributable to
sample method (i.e., the HuuZampling method is sub-optimal when compared to
random sample method) rather than to sample size.

At House 5, the Huuirsample strategy identifies significantly fewaxa than a
random sample of the same size is likely to idgnirfdicating that, as with House 2, the
Huu7i sample method is sub-optimal. This sample wae alentified as sub-optimal
when compared to the three 10% random samplesNTA&A values for all other non-
random samples were near the mean value derivedridom sampling.

As a final analysis, rarefaction curves betweertha#ie housés were compared
to characterize the ubiquity of all taxa at eachd®o As illustrated in Figure 18, a smaller
number of excavation units (drawn randomly) fromusi® 2 would likely identify
relatively more taxa than at Houses 1 and 5, withid¢ 1 slightly more than House 5.
While not illustrated in Figure 18, the lower catdnce interval of House 2 overlaps with
the upper confidence interval of Houses 1 anddicating that no significant difference

exists between the distributions of taxonomic retsbetween houses.

% To compare rarefaction curves, the number of ideatified was converted to a percentage in order t
normalize the different number of taxa found infehouse. The sample size had already been normalize
to the percentage of the house excavated in tefiauea, and therefore did not need to be alteredder

to compare between houses. It is important to relmeertihat sample size is relative (i.e., a 10% saropl
House 2 is smaller than a 10% sample at House 1).
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The comparison of rarefaction curves between hosisesld be considered in
light of what is hypothesized about the culturé $ormation processes at each house. At

House 1, the floor was likely swept to keep it adl€duelsbeck 1994), thereby reducing

Rarefaction: Interhouse Comparison
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Figure 18. Comparison of rarefaction curves from House 1, dd¢021and House 5.

the ubiquity of many species throughout this hoGseiilarly, House 5 was purposefully
abandoned which may have resulted in a "patchyfilligion of taxa throughout this
house, although a lack of analysis for the ichthyof requires that these results be
interpreted cautiously, as the distribution of ttisss of data in House 5 could alter the
rarefaction curve. Unlike House 1 and House 5eddifit cultural formation processes at
House 2 (i.e. a lack of housefloor sweeping) wddde produced a different faunal
assemblage which, based on the rarefaction curdeates that taxa were more

ubiquitously distributed at House 2 than they wadrelouse 1 or House 5. House floors
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which are not cleaned could easily result in maxatbeing more ubiquitously

distributed throughout the house.

6.3 Discussion
Several key points can be developed when compaangpling methods and

sample sizes, all of which indicate that sampliag & large effect on NTAXA values.
The effectiveness of the 0.1% systematic auger kastiategy varies considerably
between houses, making the utility of such a sgsatkfficult to predict for future
excavations. At Houses 1 and 5, this sample mattesdtified 16% (14 taxa) and 12% (6
taxa) respectively, values which appear fairly #mivhen compared with the NTAXA
value for the 0.1% systematic auger sample at Hauaewhich quite a few more taxa
30% (28 taxa) were identified. House 2 auger sasngkso identified all abundant taxa,
while this strategy, applied at the other two hsysied not. Overall, this strategy
identified the fewest taxa at every house; howeteryvalue of utilizing this technique to
identify taxonomic richness at future house exdawatis hard to predict as explained
above, and because of the reasons discussed below.

Auger samples, like all other samples in this saton, are only identifying
fauna which were screened through 6.4mm mesh (sapt€r 5). In reality, fauna from
auger samples would likely be processed throughhrsowaller mesh, and therefore it
would be likely that faunal elements which are serahan 6.4mm would be identified.
Furthermore, auger samples are designed to saragleal deposits, and therefore the
spatial heterogeneity (in terms of taxonomic rig®)ef a discrete house floor is unlikely
to be represented well by this strategy which eata only 0.1% of the area of a house

floor. If behavioural patterns persist within a Bewver long periods of time (e.g., long-
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term and/or reoccupation of the house), then as@@ples have the potential to identify
more taxa which are inadvertently incorporated hase floor deposits during its
occupation. However, if cultural site formation pesses (such as house floor
cleaning/sweeping) also persist during the occopaif the house, the ubiquity of
different taxa may not increase over time.

The HuuTi strategy is another strategy for which the eftig is hard to predict.
Like the auger strategy, this strategy also appegoerform sub-optimally at Houses 2
and 5 (see Figure 16 and Figure 17). The mostliledson that fewer taxa were
identified using this strategy compared to randames of the same size is that taxa
were heterogeneously distributed throughout Hodsasd 5, and therefore sampling
only the rear of the house failed to identify taWach were distributed in the middle or
front of the house. Interestingly, this strategyf@ened more optimally at House 1,
possibly indicating that, overall, taxa were dlstited more ubiquitously at the rear of
House 1 than they were at the rear of the othehiouses.

The rarefaction technique has provided a usefuhatkto statistically evaluate
random versus non-random samples. It indicatedtbleatiuut sample was sub-optimal
compared to random samples and that both McNiche¢kCand Dionisio Point sample
strategies performed as well as the random samplée same size. These trends were
also observed, albeit qualitatively, prior to ratfon analysis using the three random
samples drawn from each house.

The clustered distribution of an abundant taxatiiwia house floor that results in
that taxon's exclusion from the sample is a pratpooblem that cannot be

circumvented, nor tested for during actual archagioal investigation. How substantial
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is this problem? Based on the above data from ©zatid despite the fact that abundant
taxa were observed to often be distributed in atehed fashion, they were still identified
in all non-random samples (except auger samplakjratie majority of the random
samples. In fact, the omission of abundant taxg ooturred in two samples (not
counting auger samples): once in a 1% random saatpleuse 1, and once in a 1%
random sample at House 5. Based on these resafgears that abundant taxa within a
house are likely to be identified, assuming thdéast 1% of a house is excavated.

None of the sample strategies tested above itehtiie overall richness for each
house, a result determined in part by the manyteas@ found within each house.
Nevertheless, several arbitrary thresholds, whiely bee of heuristic value for future
excavations, can be delineated. Firstly, a 10%aansample identified more than 70%
of the taxa at House 1 and House 2. At House 5, 60%te taxa were identified by any
sample of size 10% or greater. Secondly, sampés €i£40% and greater seldom
identified fewer than 90% of the different taxaeaery house. Whether the extra
sampling effort is warranted in order to identifamny of the additional taxa ultimately
depends on the research design and specific résgaestions, and | return to this point
in Chapter 9.

In summary, a general trend exists for all samldegyies in which an increase
in sample size results in an increase in NTAXA wealul'he majority of judgmental and
systematic sampling strategies perform no betterarse than expected when compared
to the random samples and to each other. Haviregtigated how sample size and
method affects the number of taxa identified, | nowestigate how sample strategies

affect the relative abundance of various taxa.
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Chapter 7: Effects of Sampling on Relative Abundanc e

Chapter 7 presents the results of sampling simoalgin order to measure the
effect of sampling on the relative abundance oatamitially, evaluating differences
between sample abundances and population abundarmoeesl difficult, as no one
technique, statistical or otherwise, was ideallimespects (see Table 7 and Agresti and
Finlay 1996; Grayson 1984; Lyman 2008). Based eratfvantages and disadvantages
presented in Table 7, three methods have beenegli@corder to evaluate the relative
abundance between samples and the complete asgerfitmaach hous®.Section 7.1
presents the results of Spearman’s rank correléection 7.2 discusses the usefulness
of arbitrary threshold values in defining samplémplity, and subsequently analyzes the
samples based on a defined threshold value. Hategyare also employed in this section
to illustrate the congruence between sample r@abundance and actual relative
abundance. Following this, the ineffectivenessumfeat samples to accurately detect
relative abundances of taxa is discussed. The ehaphcludes with a discussion of the

results presented.

7.1 Spearman's Rank Correlation
Spearman’s rank correlation (Blalock 1960) can $exdito measure to what

extent the ranking of a taxon between the com@ssemblage and a sample is
comparable. Rank is determined by the relative dance of a given taxon; the most

abundant taxon is given a rank of 1, the second almsdant taxon is given a value

% The absolute number of taxa identified in eachmars presented in Appendix 4.
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Analysis method What is measured? Advantage(s) Disadvantage(s)
Tables of NISP The number of bones from Easy to understand the raw data. Cannot tell iédihces are statistically significant, hard to
values (see a given species in a sample interpret general trends quickly.

Appendix 4) or
tables of %NISP
values

or population.

Histograms
(see Section 7.2)

Differences in relative Visual display is easy to interpret.
abundance between samples

and population are

displayed.

Cannot tetlifferences are statistically significant; open to
interpretation. Cumbersome to display if many taxanany
different samples are compared.

Spearman’s rho
rank correlation
(see Section 7.1)

The correlation between
ranks of taxa in a given
sample and rank of same
taxa in the complete
assemblage.

Statistical; sensitive to changes in

that their ranks change.

relative abundance of taxa providing

Does not consider the magnitude of the differenaeliative
abundance for a given taxon unless it resultsdiffarent rank
between the sample and the assemblage (i.e.ritasdinal-scale
measure rather than a ratio or interval measure).

Arbitrary
thresholds
(see Section 7.2)

Defined arbitrary values Transparent, easy to evaluate and
which, when exceeded, are easy to understand.

considered to represent a

sub-optimal sample.

Non-statistical and arbitrary, and therefore opeariticism that
the defined thresholds are not indicative of ‘weatld’
differences. However, if presented clearly, theiltsxan be
evaluated using different thresholds in order tsembe if (how)
interpretations would differ based on differenetirolds.

Chi-square test

Similarity between
expected values (i.e.
population) and observed be used to indicate which taxa are
values (i.e. sample). producing statistically significant

results (see Lyman 2008:188-189).

Simple statistical test with levels of

Statistical significance is sensitive to populatsize. This statistic

significance; analysis of residuals caris therefore difficult to compare between differsamples, as

large differences in NISP values exist between égusetween
samples and between classes. For the Ozette fauadaxa must
be grouped together because this test does nétfaovery small
expected values (n<5) (Agresti and Findlay 1996).

Diversity indices
(e.g., Shannon or
Simpson Index)

Combined measure of Easy to measure and interpret;
evenness and richness (e.g.statistical significance of results can
Lyman 2008) be derived.

Since it is a combined measure, it is hard to kadwether it is
evenness or richness (or both) that is causinggltyeéndices to
change (Lepofsky and Lertzman 2005).

Kolmgorov-
Smirnov

Measures whether
cumulative frequency
distributions could have
come from the same
population (e.g. Grayson
1984:152-153)

to its parent population. Statistical
significance of the results can be
derived.

Indicates similarities in data structureln this method, frequencies of taxa (from leastralaunt to most
and to what extent the evenness (or abundant) are compared between the populationhensbimple.
lack thereof) of a sample correspond$dowever, this distribution is derived independemtiylass.

Therefore, the relative abundance of a specifioridr a sample
cannot be compared to its relative abundance ipdipalation.

Table 7. Advantages and disadvantages of various methodsnoaring the sample relative abundance to itsshoetlative abundance in the population.
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of 2, etc., until all taxa have been given a rdhtwo or more taxa have the same relative
abundance, their collective ranks are averagebaaevery taxon with the same relative
abundance is given the same rank. Taxa are rardtadnithin the sample and within the
population and then their ranks are compared. Ranielation is useful in this instance
because each rank has an equal weight, and theaigrchanges in the ranks of
abundant taxa, rare taxa, or both, will result loveer correlation coefficient.

Values for Spearman's rank correlation vary betwieand -1: A value of 1
indicates a perfect positive correlation betweenrtinks of all taxa in the sample
compared to the population, a value of -1 indicateerfect negative correlation, and a
value of 0 indicates that no correlation existse Slgnificance level used for rank
correlations in this thesis is two-tailed, as thereoa priori reason to assume that the
relative abundance of a given taxa will increagkaiathan decrease (or vice versa) in
any sample. Therefore, for all Spearman’s ranketatrons, two-tailed significance to the
.01 level is implied unless otherwise noted.

The results of the correlation are remarkably lsinfor all samples and all houses
(see Table 8). For all fish and shellfish at alethhouses, there is significant correlation
(p<.01) between the ranks of species in the completemblage and their ranks in all
samples. Correlation values did tend to decreasaraple size became smaller, although
in most cases correlation was still significante3é results are somewhat unexpected
given that the relative abundance of many rare tagzalefined in Chapter 6) was
expected to fluctuate considerably between sanff@esuse of their rarity, thus changing

their rank in a given sample. While fluctuationsehative abundances were
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Sample Strategy H1 Mammals Hll H1 Shellfish H2 Mammals H_2 H2 Shellfish H5 Mammals H5 Shellfish
1% RT#1 0.893 F(;.SE?SO 0.699 0.623 glgg)s 0.913 0.611 0.682

1% RT#2 0.658 0.899 0.805 0.733 0.885 0.768 0.710 0.655

1% RT#3 0.821 0.836 0.735 0.735 0.956 0.881 0.702 0.755

5% RT#1 0.884 0.982 0.906 0.914 0.960 0.927 0.859 0.880
5% RT#2 0.935 0.960 0.871 0.956 0.989 0.920 0.610 0.915

5% RT#3 0.869 0.971 0.915 0.771 0.977 0.961 0.834 0.905
5% Systematic 0.958 0.989 0.847 0.886 0.977 0.971 .8960 0.924
10% RT#1 0.941 0.989 0.927 0.731 0.990 0.974 0.918 0.918
10% RT#2 0.969 0.991 0.925 0.870 0.996 0.968 0.896 0.893
10% RT#3 0.947 0.988 0.932 0.835 0.957 0.979 0.907 0.900
Huuii 0.90 0.950 0.893 0.737 0.968 0.950 0.865 0.767
McNichol Creek 0.892 0.954 0.932 0.900 0.961 0.979 0.909 0.962
Dionisio Point 0.974 0.963 0.881 0.961 0.983 0.990 0.957 0.980

Table 8. Results of correlation analyses for various sarefltegies when comparing the ranks of taxa basebeir relative abundance. Valuesbold'
indicate that the correlation between the sampieth@ complete assemblage was not statisticalhifgignt (p<.01). None of the samples exhibitecdmplete

lack of correlation (i.e. values approaching zeamy none of the samples exhibited a negative letior. Note: "RT" refers to "random trial".




97

observed, these were evidently not large enoughdage the correlation values to a
great extent.

The sampling of mammals was the only class for vkhe correlation was not
significant in all case¥. At House 1, the "1% random trial 2" showed no Higant
correlation to the rankings of the same taxa incthraplete assemblage. As noted in
Chapter 6, no dog remains were found in this samesailting in a large change in its
rank and therefore a lack of significant correlatidhe "5% random trial 2" at House 2
also did not exhibit significant correlation whesntpared to the entire collection. In this
sample, the second-most abundant mammalian taka Abuse, sea liofEgmetopias
jubata), was represented by very few specimens andékidted in a non-significant
correlation.

The "1% random trial 1" at House 1 and all of tB& random samples from
House 5 exhibited no significant correlation witie entire collection. In all of these
cases, the absence of many rare taxa is the réastre lack of significant correlation,
rather than the fact that one specific taxon wasiab Their absence in a sample results
in their equal ranking since they have the samaddce (0); however, each rare taxa
had a different rank in the complete assemblag®aara result their ranks in the sample
differ from their expected ranks.

Based on the results above, the ranks of the velatbundance of taxa in samples
show an overwhelming positive significant corradativith the ranks of the relative
abundance of the complete sample. The reasonkisombst likely lie in the structure of
the faunal data, which consist of a few abundat tand many rare taxa. By virtue of

being rare, these taxa are never identified intgreguantities than abundant taxa, and

?In these cases correlations were still positivayéwer they lacked statistical significance.
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therefore their ranking never exceeds that of abonthxa. Similarly, abundant taxa are
identified in large enough quantities that theiGRIvalues almost always exceed the
NISP of rare taxa, (although two samples of mamanatiixa were not statistically
correlated because relatively abundant taxa wénereiare or entirely absent from the
sample). Small changes within the ranks of abuntdaat or within the ranks of rare taxa,
do not appear to affect the overall ranking toghmt where correlation is not
significant.

As noted in Table 7, one drawback of using thishoétto indicate sample effects
on relative abundance is that changes in relatiwmdance which do not alter the rank of
a taxon are not identified. Consider a hypotheticgdulation which is comprised of three
species: 80% species A, 15% species B, and 5%esp€ciA sample of this population
whose constituent members were 40% species A, spieities B, and 25% species C
would have a correlation value of when 1 compaeeithé population, yet the difference
in relative abundance between the sample and thlgtoon would arguably be quite
large, especially from an interpretive perspectBecause of this fact, and because most
samples appeared to be optimal based on correlatiakysis, another method of
analyzing these results was desired. In order tsogohe taxon which accounted for the
greatest variability in a given sample was ideatifas another method of evaluating all

of the samples.

7.2 Maximum Variability in a Sample
A further investigation was carried out to idepamples that "work". In order to

do so, the taxon in each sample which deviatednibst from its actual relative
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abundance was identified, and the magnitude oftiéngation quantified (LMOE) (see
Tables 9-11). Since, by definition, this valuehs targest deviation, all other taxa in the
sample must deviate from their actual relative aamce by less than this value. Analysis
of this type allows for the examination of a spediéxon which exhibits the most
variability in its relative abundance in each san|fithe same taxon continually has the
largest magnitude of deviation (LMOD) value acroamerous samples, then this may
prompt further investigation into the distributiohthis particular taxon and the reasons
why its variance is continually greater than foy ather taxon. A criterion has been
developed below which indicates which samples ptenal and which samples are sub-
optimal based on a specific threshold value forikD.

In this thesis, those samples for which the LMODe=ded 4.0% will be
considered sub-optimal. While this is an arbitreajue, its implementation and use were
selected for several reasons. Values larger tharvéitue may result in too great a source
of error, especially if the relative abundancehaf LMOD taxon is small. For example, if
the taxon which accounts for the most variatioa sample has an actual relative
abundance of 12% within the population, a chandge@efvould result in this taxon's
relative abundance becoming over 40% smaller gelaf7% or 17%), which may (or
may not) affect the interpretation of the importa€ this taxon. Conversely, a taxon
with a much higher relative abundance will be a#ddo a lesser degree. Thus, the 4.0%
threshold was employed because some variation &aaythe actual relative abundance

is permitted under this threshold; however, itisbdypothesized that this value is not so

28| MOD refers to the value associated with the tapeden from a sample which has taegestmagnitude
of deviation in relative abundance from its known liglaabundance in the population. What this acronym
lacks in eloquence it makes up for in clarity whesults are presented and discussed.
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large that valid interpretation of general, maatats observations about the relative
guantities of different faunal constituents in enpée are no longer possible.

| believe that this value (4.0%) is an acceptalbdegm of error when describing
the general composition of faunal data from holmar$. Of course, whether this is the
case in a particular instance depends both onthkyst and the research objectives
involved. Researchers can decide for themselvbdeyf think that 4% is acceptable, and
if not, they can assess the data (see Appendigidya different threshold. This allows

one to move forward productively, rather than delzabitrary threshold values.

7.2.1 House 1 Results
At House 1, all of the sample strategies exceptitonisio Point sample strategy

failed to meet the 4% threshold level for all ckss a sample (Table 9). All 1% random
samples exhibited LMOD values considerably largant4.0%. These results are not the

result of one particular class of data being sutintgd, as each class of data was well

Sample Strategy | Mammals | Fish ‘ Shellfish

1% RT#1 Dog (3.32%) Salmon (6.63%) Littlenecktla (11.34%)
1% RT#2 Northern fur seal (8.11%) Salmon (7.19%%pitka periwinkle (7.22%)
1% RT#3 Porpoise (7.25%) Halibut (13.43%) Sitkaiywinkle (9.90%)
5% RT#1 Dog (1.86%) Surfperch (3.22%) Dentalia .68%0)
5% RT#2 Northern fur seal (7.56%) Lingcod (5.96%)Sitka periwinkle (2.19%)
5% RT#3 Northern fur seal (3.07%) Cabezon (1.98%Sitka periwinkle (2.25%)
5% Systematic Northern fur seal (3.36%) Lingcod.50%) Littleneck clam (2.88%)
10% RT#1 Dog (1.68%) Lingcod (2.62%)  Sitka penkie (6.50%)
10% RT#2 Northern fur seal (0.83%) Lingcod (2.33% Sitka periwinkle (3.19%)
10% RT#3 Northern fur seal (3.01%) Salmon (3.48%gpitka periwinkle (6.23%)
Huuii Dog (5.71%) Salmon (6.57%)  Sitka periwinkle 10(53%)
McNichol Creek  Northern fur seal (6.74%) Salmor6.60%)  Sitka periwinkle (9.67%)
Dionisio Point Dog (0.81%) Greenling (2.19%)  Sipexiwinkle (3.23%)

Table 9. Taxa whose relative abundance varied the mossan#le compared to the complete assemblage
at House 1 (i.e. LMOD values). Percentage changelative abundance is listed in brackets, howéwer
direction of change (i.e. increase or decreasedti:mioted. Note: "RT" refers to "random trial".
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above 4.0% in all cases except one. For the "1%omartrial 1", the abundance of
littleneck clam deviated 11.34% when compared ¢oatttual abundance of this species
at House 1; for the "1% random trial 2", the relatabundance of halibutl{ppoglossus
stenolepis) was 13.43% different than its expected valuettier'1% random trial 3",
northern fur seal was 8.11% different than expedd:dhe 5% random sample size,
analysis of shellfish taxa LMOD values indicatestttey are all below the 4.0%
threshold; however, larger LMOD values for fish andmmals indicate that for no one
sample are all taxa from every class below 4.04MI©OD values. The LMOD values for
the 5% systematic sample for shellfish and mammate below 4.0%, while this value
for fish (4.50%) was just above the threshold valtlee 10% random samples were
below 4% for mammals and fish. Shellfish, which dat exceed 4.0% LMOD values in
any of the 5% random trials, were above this vakeout of three times in the 10%
random samples. This result is somewhat diffiaukxplain, but may be the result of
three optimd&® 5% random samples being selected by chance, opden10% random
samples being selected. Judgmental strategiesidionsiderable variability in their
LMOD values between samples and between classeddiitdi and McNichol Creek
strategies had taxa which varied by as much a®6-ir@ilicating that they are sub-
optimal, while the Dionisio Point strategy was ami for all classes of data.

The taxa which accounted for LMOD variables in esaimple can be examined
for trends as well. In mammals, the two most abohtixa — northern fur seal and dog —
are the most variable taxa in all samples excepf(thre "1% random trial 2"). For the

fish, no particular species is consistently thetmasiable, although all of the taxa

29 Optimal in this case refers only to shellfish taas these sample strategies were not optimal for
mammals or fish.
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represented are abundant taxa. For shellfish, $akisvinkle Littorina sitkana) is
generally the most variable taxa when all samplesansidered, although there are three
exceptions to this trend.

Based on all of the above observations, the 5%esyatic sample for all classes
of data and the 10% random samples for mammal$isindre the most optimal
strategies used at House 1, although even thestiirgbove the threshold value.
Although the Dionisio Point strategy identified &ka with LMOD values under 4.0%,
such a large sample taken from a house is unlikelhe analyzed in its entirety with
respect to faunal data. The optimal results preseloy all 5% random samples for
shellfish is hypothesized to be a statistical arlgnadthough the current research for this
thesis is unable to address whether or not thilsei€ase. In order to err on the side of
caution, it seems as if no sample strategy "woftisshellfish except the Dionisio Point
and 5% systematic strategy. The 5% systematic ssnaold the 10% random samples for
fish and mammals are the most likely strategidsetapplied in the future because they
significantly reduce the amount of fauna that ndedse excavated in order to identify
the general composition of fauna at House 1.

Histograms provide a final method of demonstrasimgilarities and differences
between datasets. Histograms are employed bedaaysetlicate the fluctuation of all
taxa, not just the taxon with the greatest flucaratFigures 19-21 present data in
histogram form for the 5% systematic sample andL® random samples for mammals
and fish at House 1; the 5% systematic samplehelifssh is also provided. After
observing these histograms, it is my opinion that final line of evidence demonstrates

that none of the samples presented would haveteesinl a different interpretation
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Relative Abundance of Fish at House 1
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Figure 19. Relative abundance of fish using different samptddouse 1.
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Figure 20. Relative abundance of mammals using different $esrgt House 1.
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Relative Abundance of Shellfish at House 1
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Figure 21. Relative abundance of shellfish in the completermédage compared to the 5% systematic sample aeHbu
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with respect to the importance of abundant taxandwenpared to the assemblage. In all cases
some rare taxa were not identified in samples; vewehis did not affect general trends in

faunal abundances when compared to the entire lfaopalation.

7.2.2 House 2 Results
The results from House 2 exhibit both similaritee®l differences when compared to the

House 1 results. Just as with House 1, the 1% rarsgonples were sub-optimal in every
category, although one sample (“random trial 1"$ Wwelow the threshold for mammals. All 5%
random samples appear to ‘work' for mammals, as diee of the 5% random samples for fish
and shellfish taxa. However, at the 10% random $asipe, all samples and all classes are
below the 4% LMOD threshold, indicating that thésrgple size and method is optimal regardless

of which faunal class is of interest. Systematimgling also appears to be adequate as well: all

LMOD

Sample Strategy ‘ Mammals ‘ Fish ‘ Shellfish

1% RT#1 Northern fur seal (4.44%) Greenling (4631 Sitka periwinkle (11.14%
1% RT#2 Northern fur seal (6.21%) Greenling (42 Sitka periwinkle (12.35%
1% RT#3 Northern fur seal (2.70%) Salmon (5.43%California mussel (4.92%
5% RT#1 Dog (1.78%) Greenling (5.70%) CaliforMassel (6.00%)
5% RT#2 Sea lion (0.54%) Greenling (3.54%) Leattdton (1.63%)
5% RT#3 Dog (1.17%) Rockfish  (2.08%)  Sitka penikie (3.06%)
5% Systematic Northern fur seal (0.77%) Rockfish(2.34%)  California mussel (2.30%)
10% RT#1 Sea lion (2.12%) Lingcod (2.80%)  Bluessal (0.83%)
10% RT#2 Skunks (2.39%) Lingcod (1.84%)  CalifarMussel (1.34%
10% RT#3 Whale (2.39%) Salmon (2.59%) Musse(3B3%)

Huu i Northern fur seal (3.15%) Rockfish  (2.94%) i@ahia mussel (6.34%
McNichol Creek  Northern fur seal (2.05%) Greenling10.06%) Leather chiton (2.55%)
Dionisio Point Dog (0.63%) Rockfish  (4.73%) Léttleck clams (0.65%)

Table 10. Taxa whose relative abundance varied the mossangle compared to the complete assemblage at
House 2 (i.e. LMOD values). Percentage changelative abundance is listed in brackets; however dinection of
change (i.e. increase or decrease) is not noted.
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Relative Abundance of Fish at House 2
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Figure 22. Relative abundance of fish obtained using diffesamples at House 2.
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Relative Abundance of Mammals at House 2
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Figure 23. Relative abundance of mammals obtained from d@iffesamples at House 2.
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Figure 24. Relative abundance of shellfish obtained usinfgdiht samples at House 2.
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values fall below 4.0%. The LMOD values for judgrtedrsamples are generally lower
than at House 1; however, they were still aboveltheshold value for at least one out of
the three classes of data using the Hiunr7/McNichol Creek Strategies. The LMOD
value for the fish taxon (greenlingexagrammos sp.) using the McNichol Creek strategy
(10.06%), and for shellfish (California musdédlytilus californianus) using the Huuir
strategy (6.34%) were still considerably abovettireshold value. As at House 1, the
Dionisio Point strategy produced accurate restlkomse 2. In contrast to House 1, the
taxon which was responsible for the variation, eathan being represented by the same
specific taxon in difference samples.

Based on the above observations, the 10% randomlesifior all classes and the
5% systematic sample require further expositiorthase samples are small and yet and
produced optimal results. The Dionisio Point $ggtalso produced optimal results, but
the likelihood of such a large sample being conghyatientified is remote, and therefore
this strategy will not be investigated furtherlastjuncture. Histograms based on the 5%
systematic sample and the 10% random samples teditat general trends in relative

abundance are accurately identified by these sastygitegies (Figures 22, 23 and 24).

7.2.3 House 5 Results
House 5 results do not differ markedly from thoselouse 1 or House 2. When

considering mammalian species, samples that werer3&tger, regardless of whether
they were derived from systematic, judgmental adcan sampling, were below the
4.0% LMOD value for mammals. Conversely, shelliaka had sub-optimal LMOD
values that exceeded 4.0% in all but two casessybmatic strategy and the Dionisio

Point strategy. This indicates that very few sgade "work" for this class of data. The
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abundance of northern fur seal varied the mosat{ue to other mammalian taxa) in
many of the samples, while either mussels or Sitkawinkles accounted for the highest
variability in shellfish taxa in each sample. AdlwiHouses 1 and 2, the most optimal
strategies, in this case the systematic sampleren8% random sample of mammals,
were presented in histogram form to illustraterthengruence with the complete
assemblage. As is the case at the other housesgriaisis confirm that these sample

strategies identify the approximate relative abmedaof abundant taxa (Figures 25 and

26).

Sample Strategy | Mammals ‘ Shellfish

1% RT#1 Northern fur seal (8.57%) California muisse (25.74%)
1% RT#2 Northern fur seal (2.47%) Sitka periwinkle (16.84%)
1% RT#3 Northern fur seal (3.98%) Sitka periwinkle (5.60%)
5% RT#1 River otter (0.93%) Sitka periwinkle (@98)
5% RT#2 Northern fur seal (3.97%) California Musse (7.71%)
5% RT#3 Sea lion (1.57%) Sitka periwinkle (3.59%)
5% Systematic Northern fur seal (1.39%) Califordiassel (2.23%)
10% RT#1 Harbor seal (1.76%) Mussel (Mytilus sp.) (5.43%)
10% RT#2 Northern fur seal (1.62%) Mussel (Mytisys) (9.06%)
10% RT#3 Northern fur seal (2.42%) Mussel (Mytisys) (5.43%)
Huu i Northern fur seal (0.78%) Mussel (Mytilus sp.) (16.58%)
McNichol Creek Northern fur seal (1.12%) Sitkaipénkle (8.74%)
Dionisio Point Northern fur seal (1.38%) Musselythus sp.) (3.85%)

Table 11. Taxa whose relative abundance varied the mossangle compared to the complete
assemblage at House 5. Percentage change in eeddtiindance is listed in brackets.



112

Relative Abundance of Mammals at House 5
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Figure 25. Relative abundance of mammals obtained usingrdiffessamples at House 5.
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Figure 26. Relative abundance of shellfish obtained usingedéfit samples at House 5.
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7.3 A Note on Auger Samples
An analysis of the data gathered from the augeptssrhas yet to be presented.

The reason for the lack of in-depth analysis ofdata from these samples is that the
number of bones found within these samples was sr@ll, and therefore it seems
unlikely that these 0.1% auger samples would bd tsefer the relative abundance of
taxa at any house. All of the results from eachskeaare presented in Table 12. The
reason why these particular auger samples idesuifiew taxa was discussed in Chapter
6, but it is worth briefly reiterating here. Augeamples are primarily used when
sampling vertical deposits and as such they araseffective when sampling large
horizontal areas. House floors are much more prbgelg investigated using larger
excavation unit sizes which allow for identificatiof feature and artifact densities much
more easily than bucket-augering. If there is ameton of fauna that has occurred as a
result of deposition over many generations livimgaosingle house floor, then auger
samples may be of more use than is indicated »ethesults. However, House 2 had a
large faunal sample (NISP=190,378), and the 0.18&emsample identified very few
bones within this house (Table 12). Similarly, Hedswas occupied for at least two
generations (50 years), and yet the rate of acaitioalof fauna within this house was
relatively low due to house cleaning activities.aAgesult, even less fauna was identified

using the auger strategy at this house when compardouse 2 results.

7.4 Discussion
Having presented the results, they can now beusissal in terms of the effects of

sample size and sample method. The sample siz& effpears unpredictable. Extremely

small samples (i.e., 0.1% auger samples) are stiimalpand while increasing sample
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Taxa NISPH1 %NISPH1 NISPH2 %NISPH2 NISPH5 %NISPH5
Butter clam 3 6.389 5 2.56% 1 5.26%
Mossy chiton 0 0 6 3.08% 1 5.26%
California mussel 10 21.28% 38 19.49% 2 10.53%
Northern fur seal 2 4.26% 6 3.08P%6 4 21.05%
Mussel sp. 0 q 11 5.64% 4 21.08%
Sitka periwinkle 8 17.029 42 21.54% 7 36.84%
Halibut 1 2.13% 4 2.05% 0 0.00%
Black leather chiton 1 2.13% 14 7.18% 0 0.00%
Herring 1 2.13% 0 C 0 0.00%
Sculpin 1 2.13% 0 ( 0 0.00%
Flatfish 1 2.13% 0 Q 0 0.00%
Emarginate dogwinkle 1 2.13% 0 0 0 0.00%
Greenling 2 4.26% 5 2.56% 0 0.00%
Chitons 2 4.26% 7 3.59% 0 0.00P%
Salmon 2 4.269 2 1.03% 0 0.00%
Rockfish 2 4.26% 3 1.54% 0 0.00%%6
Porpoise 2 4.26% 0 D 0 0.00po
Blue mussel 2 4.26% 3 1.54% 0 0.00%
Littleneck clam 6 12.779 16 8.21% 0 0.00%
Ridge limpet 0 0 2 1.03% 0 0.00%
Limpets 0 0 1 0.519 0 0.00%
Plate limpet 0 0 2 1.03% 0 0.00%%
Giant chiton 0 0 4 2.05% 0 0.00%
Surfperches 0 @ 3 1.54% 0 0.00%
Sea lion 0 0 1 0.51% 0 0.00%
Northern chink shell 0 ( 1 0.51% 0 0.00%
Bent-nose clam 0 D 1 0.51% 0 0.00%
Lingcod 0 0 8 4.109 0 0.00%
Cabezon 0 d 3 1.54% 0 0.00P%
Dire whelk 0 0 1 0.519 0 0.00%
Dogfish 0 0 1 0.519 0 0.00%
Urchin 0 0 2 1.03% 0 0.00%
Frilled dogwinkle 0 0 1 0.51% 0 0.00%
File dogwinkle 0 0 1 0.51% 0 0.00%
Clam (Tresus sp.) 0 D 1 0.51P% 0 0.00%
Totals 47 100% 195 100% 19 100%

Table 12. Results of augering at Houses 1, 2 and 5.
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size generally did reduce the amount of variatietwieen actual relative abundance of a
taxon and its value in the complete assemblagaraple size increased, there were many
exceptions to this trend. For example, at Hous®l 5% random and systematic samples
for shellfish performed more optimally than the 18#dom samples, and at House 2,
5% random samples were more optimal for mammals i 10% random samples.
Similarly, the strategies which consistently proelicesults closest to the actual relative
abundance of all taxa were the 5% systematic glyared the Dionisio Point Strategy
(~40% sample size). These samples fall near oeatpposite ends of the spectrum with
respect to the sample sizes investigated in tleisishThe Huuvstrategy (~15% sample
size) produced results which in some case were ammarate than McNichol Creek
(~35% sample size) results: the LMOD value for aslHouse 2 was approximately 10%
(this occurred for greenling) using the McNichok€k strategy, while the Huui7
strategy had a maximum LMOD value of approxima8y (for rockfish). Neither of
these samples performed optimally for all clasdetata, while the Dionisio Point
strategy, which was only slightly larger than theNithol Creek strategy, was much
more accurate overall when compared to eitherebther judgmental strategies.

What the above discussion suggests is that samgdleoh affects the precision of
a particular strategy to a much greater extent tleas the size of a sample, although the
relationship between the two is still complex.gpaars that a 5% systematic sample is
the most optimal sample method, as its performaasedemonstrated. In all cases, with
the exception of fish at House 1, for all houses @hclasses of data, the 5% systematic
samples were the most optimal as evidenced bylatioe values, LMOD values and

histograms. Other samples were also optimal; howéwve precision of the results
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depended on which class of data was of interesteample, at House 2, a 5% random
sample worked for mammals, but for only two of theee shellfish and fish 5% random
samples.

As a result of the data above, the possibilityexihat the amount of a house
excavated and the amount of time required to apdiana can be significantly reduced.
For small samples that seemed to "work", the nurobbones identified for each class is
documented in Table 13. Each of the systematic Esngontained under 10,000 bones,
and in the case of House 1 and House 5, valuesapeaderably lower than this
number, suggesting that much can be learned ablatitve abundance with much less
analysis and excavation of less than 100% of theséadloor. Other probabilistic sample
strategies (i.e., 10% random samples) also oftegraficant reduction in the number of
faunal elements identified while providing mucharrhation about the relative
abundances of abundant taxa within a house. Thhcitipns of these findings for future

research and household archaeology on the NWCstessed in Chapter 9.

House | Strategy Mammal NISP | Fish NISP | Shellfish NISP | Total NISP Identified
House 1| 5% systematic 356 444 1556 2356
House 2| 5% systematic 738 2087 7005 9830
House 5| 5% systematic 121 N/A 857 978
House 1| 10% random #1 629 741 NVA 1370
House 1| 10% random #2 823 961 NVA 1784
House 1| 10% random #3 733 8b8 NYA 1591
House 2| 10% random #1 1527 4586 16604 22717
House 2| 10% random #2 1329 37p7 12549 17635
House 2| 10% random #3 1287 39p5 16432 21624
House 1| Dionisio Point 2264 2833 12279 17376
House 2| Dionisio Point 5241 13454 57680 76375
House 5| Dionisio Point 111p N/A 5287 6369

Table 13. NISP values associated with specific sampleesiias at specific houses. Note the large
difference in NISP between the accurate judgmesataiples (Dionisio Point) and the accurate prolsthuli
samples.

#Shellfish values not included because this santpieéegy did not identify shellfish accurately.

PFish values not included as they were not identiiethis house.



118

Throughout this chapter, much of the discussionfb@ssed on trends in the
relative abundance of abundant taxa in a samplep@adson of taxonomic abundance
between population and samples described in tlapteh has highlighted the variability
(or lack thereof) in abundant taxa between sangoesthe population, since this
analytical scale (that of the entire assemblagstwies changes in the numbers of
individual rare taxa. On the one hand, this is ptadde, as many questions about past life
on the NWC, such as the dietary contribution o&dipular taxon to one household, or
the differences and similarities in subsistencatsgies between households, can be
answered by these more abundant taxa. On theludinel; rare taxa are also used to
interpret how these households functioned — eskhewidh respect to inter- and intra-
house variation in status. | will now consider heampling designs may influence the
observed quantity and spatial location of spetifi@, and how this may alter our

interpretation of inter- and intra-house status.
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Chapter 8: Effects of Sampling on the Interpretatio  n of
Inter- and Intra-house Status
Previous chapters have focused on the Ozettdrdatea methodological

perspective. These methodological questions, vitmpertant, are considerably more
interesting when used as evidence to interpret huse&aviours. As such, this chapter
presents the results of the effects of samplinthennterpretation of status for Houses 1,
2 and 5 at Ozette. In doing so, | integrate ancegn the results from the previous two
chapters, demonstrating how differences in thaldity of results are dependent in part
on whether or not the taxa in question are ra@andant. | begin with a brief overview
of how status is defined and outline an arbitratya$ criteria which can be used to
measure status. Subsequently, | consider threalfandicators which were used at
Ozette to infer inter-house status differencesutteof shellfish for decorative,
ceremonial, and symbolic (D/C/S) purposes; the dance of whaf&: and the relative
abundance of salmon and halibut. | then examime-imbuse differences in status and
discuss whether the differences that are evidedbase 1 are observable using

judgmental sampling methods.

8.1 Defining and Interpreting Status
The NWC house is a location where evidence afistdifferentiation between

and within households is thought to be visible asdiogically, and as such status is
often a central research focus when houses area&ech(e.g., Ames 1996; Ames et al.
1992; Archer 2001; Coupland 2006; Grier 2006). Speartifacts (e.g., nephrite adzes,

seated figure bowls, exotic lithic tools) that wareorporated into house deposits are the

30 When whales are discussed, | am referring to fadematified to taxa which were identified to family
(Balaenopteridae), as well as to species.
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most commonly accepted indicators of status ofwessébold or high-status family living
area, although the size of a house, its locatidhiwa village, its construction and
maintenance costs have also been used as proxgneeidor indicating which

households had higher status (e.g., Ames 1996,eA2001). Faunal data are an
alternative source that can be used in conjunetitimthese other lines of evidence to
infer status. The congruence between the rich &iktaic record (which indicates that
certain fauna were associated with high-statusiddals or households) and the proto-
historic archaeological record at Ozette suggéstisthe Ozette data are representative of
an ethnohistorically-observed pattern. Samplinggiss as discussed in Chapter 4,
commonly target the rear of the house and/or taeaerners. Evaluating whether or not
these sample strategies actually identify inted iatra-house differences when they do
exist — as is the case at Ozette — allows onerisider whether the use of such strategies
provide data which would result in the same intetgtron, had the whole house been
excavated.

In order to evaluate a sample according to thimme, two components must be
considered. Given a specific sample strategy, tueshosen sample strategy correctly
identify House 1 as the high-status house, anthare significant differences between
House 2 and House 5? To answer these questiondathgathered from different
sample strategies are categorized according te tstogtegies which correctly identify
House 1 as the high-status house, those whichrextbr identify the high-status house
(those which identify House 2 or House 5 as thédsigitus house), and those which fail
to uncover significant differences of status betwak or some of the houses. Since

status and hierarchy lack defined empirical coteslaarbitrary criteria have been created
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in order to classify the results from each sampkttegy. The thresholds used in
identifying the differences in status are as fodow

1. For (D/C/S) shellfish, a difference between houwskih exceeded a NISP of 25
was considered to be indicative of a differencstatus between houses.

2. For whale, a difference exceeding a NISP of 15 egasidered to indicate
differences in status.

3. In comparing the relative abundance of salmon atithit at House 1 and House

2, a difference of 7% or greater between each haaseconsidered indicative of

a difference in status.

These thresholds were created for reasons sinilfnose outlined in Chapter 7,
but it is worth mentioning how and why thresholdsr@/chosen in this instance. There is
no value that is intrinsically correct for all h@ssin every case on the NWC; any value
selected will depend largely on each individuakegsher’s prerogative. For example, the
archaeologists working at Ozette interpreted stdiffisrences based on empirical
differences between houses (as discussed beldivugh they did not consider any
specific values which, once reached, indicatedistdifferences. At the McNichol Creek
site, 67% of the fauna from the high-status houseewnammalian, while at another
house mammalian remains accounted for only 25%efauna (Coupland 2006:91), and
therefore the latter house was considered to bewar status. However, at what point
the ratio of mammal to fish bones would be indigabf status differences were not
defined prior to analysis. Chatters (1989) inteiguladifferences in the taxonomic
composition of fish within different family areastiin a household based solely on
statistical (chi-squared) values. Since he didreport the actual numbers of different
taxa in different nuclear family living areas, nefiditive threshold values can be derived

from this research. The actual difference in theaber of specific taxa (or even artifacts)
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between houses appears less important than théhéadhe difference is congruent with
other lines of evidence. For example, small numbretise difference of whale remains at
Ozette between Houses 1 and 2 were interpretatasitive of status differences
primarily because other lines of evidence alsocat#id status differences (Samuels
1994). Rather than debate the appropriatenes® ohtrpretations based on empirical
evidence that have been used by others, | presgotum as part of a heuristic exercise in
the interpretation of status. | recognize that gnagthese values would likely change
the results of the sampling simulation considerably

It is my opinion that these numbers are very corsere, and | expect that only a
few researchers would be likely to interpret didfieces in status based on these
differences. However, these values do providerérsggooint for thinking about
sampling and its effect on the interpretation afss: if all (or most) sample strategies
accurately interpret status based on these vahesalues can be increased in order to
observe which samples are still producing accuraggpretations. Alternatively, if none
(or only a few) of the samples are able to idergiBtus differences based on these
conservative indicators of status, then this can bk used to evaluate the usefulness of
sample strategies. Absolute differences rather thtam differences were utilized for the
reasons discussed below.

Since samples of different sizes are not diremiyparable, the data derived from
each sample strategy have been compared to theelatad using the same sample
strategy at other houses. For both D/C/S sheldfrehwhale, the absolute values (NISP)
for each sample strategy were included so thatersazhn get a sense of the magnitude of

the difference. While normalizing the values froatle sample strategy in order to
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provide directly comparable ratios would be usehg, data were not presented in this
way because the absolute number of items is inrpfietctive of status. For example, if

six D/C/S shellfish were found using a given stggtat House 1, compared to two D/C/S
shellfish at House 2, this is unlikely to be coesall indicative of a significant difference
in status, even though the ratio of their abundsune8&:1. However, a difference of 100
D/C/S shellfish at House 1 compared to 50 D/C/Jifsdteat House 2 arguably

represents a significant difference in status, idespe lower ratio (2:1). It is important

to recognize one drawback of using an absolutemiffce: small sample sizes such as the
1% and 5% may not indicate differences, simply beedhe overall quantity of fauna
identified using this strategy is small, and therefless likely to identify enough fauna to

reach the 25 or 15 NISP threshold values.

8.2 Status Indicators

8.2.1 Decorative, Ceremonial, Symbolic Shellfish
Differences in the quantity of D/C/S shellfishdifferent Ozette houses provided

some of the most compelling faunal evidence thateshouses contained more status
goods than others, and by extension, that these therdwellings of status individuals
(Wessen 1994; see Figure 27). In the complete ddagm(100% sample), nearly two
and a half times as many D/C/S shellfish were foaridouse 1 when compared to
House 2. At House 5, very few of these taxa weeetifled at all. Given the large
differences in NISP values for these taxa at eactsd, it is hypothesized that the 25
NISP threshold value would be achieved by most $astpategies except perhaps the

smaller random samples.
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The results of different sample strategies diftanewhat from this expectation. It
is obvious that the auger sample strategy is stiprapbecause no D/C/S shellfish were

identified at any house using this sample stratébg. systematic sample strategy shows

Identification of D/S/C Shellfish using various Sam ple Strategies at House 1, 2 & 5
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Figure 27. NISP for decorative shellfish recovered from Hause2 and 5 based on several non-random
sample strategies. The actual numbers of thesa¢ar@ered at each house was shown on the far left
(100% sample). All numbers indicate absolute vatagéiser than ratios for reasons described above.

differences in quantities which are similar (inoato the complete assemblage;
however, the absolute NISP values between Housel Hause 2 are not large enough to
surpass the 25 NISP threshold. All of the otherarstrategies, with the exception of
the McNichol Creek strategy, produced quantitieshadllfish which would correctly
identify House 1 as the high-status house. HowdkerHuu7i sample strategy did not
provide precise information: the ratio of the téoeiween House 1 and House 2 is
significantly different than in reality (6.2:1 ugithe Huu# method rather than 2.3:1 in

reality). If a McNichol Creek sample strategy haeib used, nearly two times as many



125

D/C/S shellfish would have been uncovered at H@u& increase of 29), which would

result in the incorrect assumption that House 2 tvadigh-status house.

Comparison 10% 10% 10% 5% 5% 5% 1% 1% 1%
RT#1 RT#2 RT#3 RT#1 RT#2 RT#3 RT#1 | RT#2 | RT#3
H1 to H2 -6 39 38 38 9 18 -2 1 0
Status diff.? No Yes Yes Yes No No No No No
H1 to H5 18 54 52 41 21 22 2 2 2
Status diff.? No Yes Yes Yes No No No No No
H2 to H5 24 15 14 6 12 4 4 1 2
Status diff.? No No No No No No No No No

Table 14. Comparison of samples drawn from each house f6Y®shellfish. Note: "RT" refers to
“random trial".

The three random samples drawn from each housea@e difficult to evaluate
than the non-random samples. One method of evafuatimples is from the perspective
of a "real-world" scenario: compare all of thetfirahdom samples from each house to
each other, compare the second random samplesfitomhouse to each other, etc. If
such a comparison is undertaken, differences betWeese 1 and Houses 2 or 5 are
observable only when the "10% random trial 1" @& th0% random trial 2" or the "5%
random trial 1" is applied at each house (Table Mld)differences between House 2 and
House 5 were observed for trials 1, 2 or 3 of ang.s

While the above method is analogous to actual extaay, there is an equal
probability that any random sample for a given slenfaction can be compared to any
other sample of the same size at another houseefbine, three random samples from
each house can be evaluated on the basis of Zfatiffcombinations by extracting any
one sample from each of Houses 1, 2 and 5. Ihalcbmbinations of 10% random
samples from House 1 are compared to those of Ho(skethe 10% fraction), only five
of nine possible combinations (55.6%) resultednrmecurate interpretation of status. A
similar problem is observed at the 5% sample sing three of the nine possible

combinations (33.3%) of House 1 to House 2 compasisvere able to identify House 1
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as high-status, while all other samples from alldes indicated no significant differences
between these houses. This problem was magnifig di% sample size, where no

differences were apparent (Figure 28).

Identification of D/S/C Shellfish from Random Sampl  es
O House1 [ House2 [ House5s
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Figure 28. NISP of D/C/S shellfish for three random sampliessach from each house for different sample
fractions.

These individual random samples indicate thaptissibility of success exists for
this method to be used to identify status diffeesnfor all sample sizes tested except for
the 1% random samples. Only three samples werendi@vweach sample fraction, and
estimating the probability of success on only ttsaeples is hazardous, as it is unknown
to what extent these samples represented typioglsa for that sample fraction. By
repeatedly drawing random samples of the samdreimeeach house and then
comparing the results to the results from othersbsuprobabilities of success can be

more accurately determined. Monte-Carlo simulati@as performed in order to produce
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such probabilities for both D/C/S shellfish and \eh& hese probabilities were generated
by drawing a random sample from each house anddbm@paring the results from each
house to the other two houses in order to determinewhich category the results fell;
this procedure was repeated 500 times. At firstaggathe 10% sample fractions failed to
identify House 1 as high-status in every casegfloee, a larger 25% sample was also
tested to observe if the greater sample size wadduce more reliable results. The
results for the Monte-Carlo simulation of D/C/S Ifieh are presented in Table 15.
Based on the results of the Monte-Carlo simulats@veral observations can be
made about random sampling and the probabilitieketdcting status differences using
D/C/S shellfish. None of the comparisons, regasltdsample size, resulted in a mis-
identification of the high-status house, i.e., ample had more than 25 D/C/S shellfish at
House 2 compared to House 1, House 5 compareduseHb or House 5 compared to
House 2. However, only at the 25% random sampkedd probabilities exceed a 90%
likelihood of an accurate interpretation of statbecondly, the largest increase in
accurate status interpretations of House 1 comparklduse 2 occurred between the
10% sample fraction and the 25% sample fractiorwubate interpretations of the status
of House 1 compared to House 2 rose from 263 doitezations (52.6% probability of
getting data which results in an accurate integpiat) for a 10% samplé to 466
correct iterations, (93.2% chance of getting dat&ctvis accurate) at the 25% sample
size. Thirdly, because the magnitude of differeneveen House 1 and House 5 is great,
these differences were identified more frequentB2f percent of the iterations were

accurate) at the 10% sample fraction than for dBfiees between Houses 1 and 2 or

% Interestingly, the percentage of accurate sangilése 10% sample size using Monte-Carlo simulation
(52.6%) is very similar to the rough estimate pdexd by the comparison of the three specific rand6#
samples (55.6%).
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Houses 2 and 5 at the same sample fraction. Theased frequency of accurate
interpretations for this comparison (H1 to H5) ated between 5% and 10%, rather than
between 10% and 25%, as was the case for H1 tokiparisons (Table 15). Finally,
despite the large difference in the NISP of D/Qi8llish between House 2 and House 5

(a difference of NISP of 152), a 25% sample way aocturate 418 times out of 500

(83.6%).
Accurate  Mis-identification of No difference
Sample Comparison interpretation high-statushouse  between houses
% (# of runs) % (# of runs) % (# of runs)
H1 to H2 2.0% (10) 0.0% (0) 98.0% (49D)
0,
1% Random 1 0 ie 4.0% (20) 0.0% (0) 96.0% (48D)
Samples
H2 to H5 0.0% (0) 0.0% (0) 100.0% (500)
H1 to H2 14.8% (74) 0.0% (0) 85.2% (426)
0,
5/S°aFfr‘;"”d°m H1 to H5 25.6% (128) 0.0% (0) 74.4% (372)
ples
H2 to H5 0.0% (0) 0.0% (0) 100.0% (500)
H1 to H2 52.6% (263) 0.0% (0) 47.4% (237)
0
10% Random '\ \e 76.0% (380) 0.0% (0) 24.0% (120)
Samples
H2 to H5 0.6% (3) 0.0% (0) 99.4% (497)
H1 to H2 93.2% (466) 0.0% (0) 6.8% (34)
0
25% Random ), e 100.0% (500) 0.0% (0) 0.0% (0)
Samples
H2 toH5 83.6% (418) 0.0% (0) 16.4% (82)

Table 15. Results of Monte-Carlo Simulation for D/C/S shelifi Values indicate percentage of trials
which fell within a given category. The actual nuambf trials for each category is listed in brasket

8.2.2 Whale
At Ozette, the differences in the quantity of vehbétween Houses 1, 2 and 5 are

not as pronounced as the results for shellfish wexreertheless, the difference is
suggestive of differences in status (Huelsbeck 188ure 29). The McNichol Creek

and Huu# sample strategies would both identify House high status, as these
strategies identified a difference of more tharN1ISP between House 1 and the other
two houses. The Dionisio Point sample strategythadystematic strategy did not reflect
differences of a NISP of 15 or greater between ldsudsand 2, indicating that these
strategies were sub-optimal when considering thestjon. However, neither of these

strategies identified any other house as high-statu
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How precise are the above strategies when comsgitre relative amounts of

approximately 26% less whale in House 2 when coetpbtr House 1. However, the non-

random sampling strategies did not reflect sinmiddative differences. Using the
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Figure 29. NISP for whale remains recovered using differemt-random sample strategies.
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Dionisio Point sample strategy, the difference lesmvH1 and H2 is underrepresented

(11% less whale), and drastically exaggerated usi@dgduuTi sample strategy (81% less

whale). The McNichol Creek sample strategy wastbst precise, identifying 40%

fewer whale bones at House 2 compared to Househ&nWouses were sampled using a

5% systematic sample strategy, more whale (13%)e@s/ered from House 2 than

House 1. The small number of whale at House 5 eesented well in all sample

strategies except the systematic strategy, whiehtiied no whale whatsoever.

However, this result is arguably not important framinterpretive perspective, as the
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actual number of whale bones found in the entitesbas very small to begin with. The
same cannot be said of the Huwample strategy, because, while the small vahies
House 5 were well represented, House 2 values alseodow, indicating a similarity
between these two houses which is inaccurate Wieeh@0% samples are examined.
The 0.1% auger strategy, while not presented inrgig@9, did not identify any whale. In
any case, real-world excavation of whale using aggmples is somewhat far-fetched,
given that whale bones would not fit within a 10diameter bucket auger, or would be
highly fragmented and unable to easily identified.

Rather than compare individual samples from a “weald" perspective as was
done for the D/C/S shellfish results, | will prodedirectly to the results of the Monte-
Carlo simulation of random samples in order to hetee success rates for whale as an
indicator of status. The reason for doing so imprily heuristic: an investigation of
specific samples from a real-world perspectivenisresting; however, probabilities of
success are much more useful in the planning afdéugxcavations. For instance, it is
possible that researchers would use a 10% randompleatrategy if, hypothetically, it
worked 480 times out of 500, as the researcherdvoave a high degree of confidence
that the results were accurate. However, a 5% rargkomple strategy which produced
accurate samples in 2 out of 3 trials may not lmgtet simply because researchers do
not know whether these three 5% samples are typicatypical, and therefore are not
sure whether such a strategy will produce reliagéeilts consistently. As such, | address
only the Monte-Carlo simulation results for wha&hough comparison of the number of
whale bones found in the three individual sampiesfeach house could be undertaken

using the data provided in Appendix 4.
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Firstly, like the D/C/S shellfish simulations, nookthe simulations produced
data which would result in another house beingpneged as the high-status house.
Secondly, in order to observe differences in sthatereen House 1 and House 2, a
random sample larger than 25% would be requirethiastrategy only produced a
correct interpretation 34.6% of the time. Thirdlye largest increase in accurate samples
for H1 to H5 comparisons occurred when the samp&\sas increased from 5% to 10%,
while the largest increase in accurate sampleblioto H2 comparisons occurred
between 10% and 25% sample sizes. The low ovarahtity of whale resulted in a
larger percentage of correct samples when Housasscampared to House 1 or House 2,
but this situation was only observable with anysistency once a sample size of 25%

had been reached.

Accurate Mis-identification of No difference
Sample Comparison interpretation high-statushouse  between houses
% (# of runs) % (# of runs) % (# of runsg)
H1 to H2 0.0% (0) 0.0% (0) 100.0% (50D)
0,
1% Random 0\ s 0.0% (0) 0.0% (0)  100.0% (500
Samples
H2 to H5 0.0% (0) 0.0% (0) 100.0% (500)
H1 to H2 0.0% (0) 0.0% (0) 100.0% (500)
0,
5/S°aFfr‘;"”d°m H1 to H5 1.4% (7) 0.0% (0) 98.6% (493)
ples
H2 to H5 0.2% (1) 0.0% (0) 99.8% (499)
H1 to H2 2.8% (14) 0.0% (0) 97.2% (486)
0
10% Random 3 58.4% (292) 0.0% (0) 41.6% (208)
Samples
H2 to H5 22.8% (114) 0.0% (0) 77.2% (386)
H1 to H2 34.6% (173) 0.0% (0) 65.4% (327)
0
258A’a§and°m H1 to H5 100.0% (500) 0.0% (0) 0.0% (0)
ples
H2 to H5 97.4% (487) 0.0% (0) 2.6% (13)

Table 16. Results of Monte-Carlo simulation for whale. Vaduadicate percentage of trials which fell
within a given category. The actual number of &rif@r each category is listed in brackets

8.2.3 Salmon and Halibut
The intensive fishing of salmon and halibut ocdor®calized habitats such as

rivers with spawning runs or offshore banks; owhgr®f these resource locales by a

lineage or a chief was seen as indicative of stattisn a village, which it is argued was
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the case at Ozette (Huelsbeck 1989). Evidencesoiree locale ownership is potentially
observable in the relative abundance of theseitaddferent houses. Huelsbeck (1989)
argues that the higher relative abundance of sabndrhalibut at House 1, compared to
House 2, is indicative of resource ownership byfthmer household. Since fish from
House 5 were never identified, the comparison betvikis house and the others cannot
be undertaken.

The relative abundance of salmon and halibut coatptr all fish at House 1 is
approximately 11% higher than at House 2 when comga&omplete assemblages
(100% sample). While this may not seem like a lalifference, the importance of this
fact can be considered from another perspectivéldise 2, salmon and halibut together
accounted for 15% of the fish assemblage; therdf@ 6% of salmon/halibut at House
1 may indicate that salmon and halibut togetheewearly twice as important to
household members at this house when compareduse-Hbhousehold members (ratio
of 1.73:1). Even if the threshold value identifegdthe start of the chapter were used
(7%), it still represents an increase of almost 56¢arding the importance of the two
taxa, a ratio of 1:1.47.

Investigation of this indicator of status necessdaa slightly different approach
than was used for the D/C/S shellfish or whalesBswn in Chapter 7, abundant taxa
(which include salmon and halibut) were fairly aataly represented by the 10%
random samples at each house. Based on this obeanand because of the logistical
difficulties of undertaking Monte-Carlo simulatidor all of the fish taxa, Monte-Carlo
simulation was not performed for this analysis. Wiiis would be interesting, it is

beyond the scope of this thesis.
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Relative Abundance of Salmon and Halibut, House 1a nd 2
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Figure 30. Relative abundance of salmon and halibut for Hedsand 2 identified using various sample
strategies.

The results of non-random samples are presentedjume 30. Regardless of
which non-random sampling strategy was used, tlagive abundance of salmon and
halibut was higher at House 1. The systematic sauapdl the Dionisio Point sample
were very similar to the complete sample (9% andd@érence between houses
respectively). The McNichol Creek sample strategybd not change the interpretation
of House 1 as a high-status house; however, itinvpeecise and over-represented the
relative abundance of salmon and halibut at thasboThe Huuvsample strategy
recovered very similar relative abundances of tlspeeies at each house, and utilizing
this strategy at Ozette would not have indicatedsagnificant differences for these two
taxa between these two houses.

When random samples of varying fractions are cmned, major variations are

visible at the 1% sample fraction only (Figure 3he three 1% random samples drawn
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from each house overlap, indicating that this sanmglction is probably sub-optimal for

indicating differences in status between houses.

Relative Abundance of Halibut & Salmon at House 1 & 2
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Figure 31. Relative abundance of salmon and halibut combireed House 1 and House 2.

This is expected, as abundant taxa were not ideair their correct relative abundances
at this sample fraction (see Chapter 7, Section Tt 5% random samples, while they
did consistently indicate differences between Hduaed House 2, only exceeded the
7% threshold value in 4 out of 9 possible compassdhe 10% samples do in fact
identify the correct high-status house for everggiiole combination of H1 to H2
comparisons (9 possibilities). The smallest diffieein relative abundance between

samples from H1 and H2 was 7.3%.
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8.3 Inter-house Status: Evaluating Multiple Lines o f Evidence
It is usually the case that multiple lines of ende together form a strong

argument for the existence of inter-house staaiber than a single faunal indicator of
status. Even though it is only faunal evidence kizat been discussed in this thesis, one
can still consider to what extent a given stratglggws congruence between different
classes of fauna. Based on Table 17, it is app#tahho one sample strategy, applied to
all three houses, is optimal. Random samples dr@ptimal at any sample fraction
when used to identify House 1 as high-status usimgle and D/C/S shellfish remains,
although they did produce useful information altbetrelative abundance of salmon and
halibut. When D/C/S shellfish are used as a proxfatus, the McNichol Creek strategy

incorrectly identified House 2 as the high-stataade.

Sample Faunal Indicator of Status

method D/C/S Shellfish Whale Salmon/Halibut

1% random None None None

5% random None None None

10% random None None House 1 only high-status

house

25% random House 1 only high-status None Not tested
house

Systematic None None House 1 only high-status

(5%) house

Huuii House 1 only high-status House 1 only high-status None
house house

McNichol House 2 only high-status House 1 only high-status House 1 only high-status
house house house

Dionisio House 1 only high-status None House 1 only high-status
house house

Table 17. Summary of sample strategies and the resultlifepto all three houses.

When whale remains are used as a proxy for stéte$)ionisio Point Strategy
did not uncover significant differences betweentthxe houses, nor did the 5%
systematic sample. Identifying House 1 as a highisthouse using the relative
abundance of salmon and halibut did not occur uiadgHuuTi sampling strategy;

however this sample method worked well for the oth@sses of data. Systematic
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samples did not indicate significant differencesept for the relative abundance of
halibut and whale.

It would be unlikely that one strategy alone uskdllehouses during any future
excavations would result in accurate informatiooutlall types of fauna, especially if the
spatial organization of fauna of interest diffebetween houses. For instance, the Hiuu7
sample strategy uncovered a large percentage déwhd D/C/S shellfish at House 1
even though only 15% of the house was excavated) ulsis strategy. This occurred
because these high-status taxa were more aburidaetra@ar of the house. However, by
the same token, this strategy recovered relatifexixer of these taxa at House 2 because
their distribution was not clustered in the reathe#f house. The reverse situation was
apparent when the systematic sample strategy vems akhough there was significantly
more whale in House 1 than in House 2, the frequehevhale in a systematic sample
from either house is approximately equal, as adniglercentage of the whale was
identified at House 2 because of its more evemibligton. Based on these observations,
any inter-house comparisons between rare taxa,\&lien using identical sample
strategies should be undertaken very carefully.

Using random samples to identify status differenoetween houses is only
feasible if one uses large sample fractions: 25¢DI€/S shellfish, and even larger
samples for whale. That the results from salmonraiithut appear to be accurate at 10%
random or 5% systematic sample sizes is not surgrislalibut and salmon are abundant
taxa, and therefore their relative abundances are fikely to be accurately identified
(see Chapter 7). Unfortunately, accurate resuttalfondant taxa from all judgmental

samples did not occur, as evidenced by the Hgample method which returned similar
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relative abundances for each house. In contrastltoon and halibut values, D/C/S
shellfish and whale, by virtue of their rarity, magt be identified at all (as was observed
for rare taxa in general in Chapter 6), or weraiiied in widely fluctuating abundances.
A caveat needs to be added here to these resudtsging the threshold values for
distinguishing status differences will affect thelpability of getting an accurate
interpretation. It was argued at the start of thapter that differences in NISP of 25 and
15 (for D/C/S shellfish and whale) and a 7% diffex@in relative abundance for salmon
and halibut between houses are all conservativieatats of status. Many researchers
would require larger differences in order to stategorically that differences in status
between houses exist. If the threshold values wereased, then an even greater
percentage of the random samples would be sub-abtiiowever, such concerns may
be moot, as a random sample of 25% or larger ikelylto be implemented because of
logistical issues. If the resources are availablexicavate at least 25% of the house,
maximizing exposed floor surface areas is far nikedy to be undertaken than 50cm X
50cm evaluative units, since the former method eidie identification of features. For
these reasons, random sampling does not appeara dptimal method of identifying

differences in status between households wheratteeih question are rare.

8.4 Intra-house Status at House 1
The internal organization within a single plankkeunay also be highly

structured according to the inhabitants' statud,this is visible archaeologically at
Ozette. Typically, high-status individuals occupibd rear corners of the house and other
ranking families occupied the spaces around thiengéer of the house (in particular the

other two corners of the house), while the area tieadoorway was often reserved for
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slaves (Drucker 1951, see also Chapter 2, Se@iaih. A central hearth house was often
interpreted as a hearth that was used for feastimggtivity often hosted by a chief in
order to demonstrate his status or that of hisajee

Some of these patterns have been observed at Hatg@zette, although the
front of this house was removed by wave actiontaedefore it is unknown if the front
corners of the house contained any high statussitéor example, the quantity of whale
remains was found predominantly in the rear of alisSimilarly, the distribution of
D/C/S shellfish was concentrated along the perypbéthe house. In particular, two
concentrations were found, one in the northeaat)@rner, and one near the southwest
corner. The distribution and clustering of all fislare concentrated in two distinct but
contiguous areas. The cluster in the northeastamec (in the same location as one of
the D/C/S shellfish concentrations) is hypothesiag@vidence for the consumption of
fish by the high-status head of the household.cdmeentration of fish near the centre of
the dwelling is hypothesized as evidence of fegstam activity which high-status
individuals often engaged in to further increasarthtatus (Hayden 2001).
Concentrations in the southeast (rear) corner neapdicative of consumption by
another high-status family, while the concentratiohbones near the northwest wall is
hypothesized as evidence of sweeping and houséuigactivities near the door of the
house (Figure 34).

These separate lines of evidence can be examirsketid sampling strategies
identify intra-house differences. Only judgmentadl aystematic sample strategies will
be investigated, as random samples vary too muttteinlocation to be used as reliable

indicators of intra-house differences. In additiorthe judgmental strategies tested in
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previous sections, another stratified samplinggtesias also investigated. This strategy
involved dividing up the house into nuclear fanlilyng areas in approximately the same
divisions as used by the Ozette researchers (geeeR32 and Wessen 1994:109) and
then sampling these areas. It was hypothesizedhbdauna would be distributed evenly
enough within each nuclear family living area stleit a 1m X 1m unit in each family
area would identify some of the differences betwibese areas. A synopsis of some of

the results is shown in Table 18.

Figure 32. Stratified systematic sampling design with excaratinit designations at House 1. The grid
system was created based on hypothesized nucledy faving areas within the house. Sections which
contain excavation units number 6 and number freg@nt to infer a central feasting and/or low status
individuals’ living area.
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Unit NISP (all Mammal Fish  Shellfish D/C/S Whale Salmon Halibut
Number taxa) NISP NISP NISP  Shellfish NISP NISP NISP
1 114 15 14 87 2
2 11871 80 82 1025 2 7 10
3 108 18 15 75 4 2
4 380 74 65 241 3 10 11
5 164 55 18 93 1 1 1
6 201 26 43 132 8 4
7 92 17, 17) 58 2 2 2
8 200 24 3 173 1 1
9 265 63 61 147 1 3
10 457 122 105 230 25 10
11 78 18 16 44 1 11
12 57 13 12 32 2

Table 18. Synopsis of faunal data from stratified systemsaimpling design.

When using a stratified systematic sampling stigtdge quantity of fauna from
each unit varied significantly: unit 2, adjacentlte left rear corner, had more than twice
as much fauna as the second most productive ikaly because unit 2 was a
feasting/high-status area. The low numbers anddéckncentrated distributions of both
whale and D/C/S shellfish provided little eviderigendicate status areas using this
sample strategy (see also Figure 33). It may adsdifficult to know whether the samples
taken from each nuclear family living area représea same types of deposits.
Nevertheless, the above data indicate that at @Z@th-status fauna are not distributed
evenly enough within the nuclear family living agathat a 1m X 1m excavation unit
can reliably identify differences between thesasare

Judgmental sample strategies can also be evaltatdberve whether they
indicate intra-house differences in status at Hdus@ence again, the results are mixed
depending on the strategy. Figure 33 demonstragegudgmental sample strategies can
identify clustered distributions of whale and D/Gt&llfish. The Dionisio Point sample
strategy clearly identified the concentration o€[8 shellfish in the southwest corner of

the house, and arguably identified two other chgsite the northeast and southeast
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corners as well. However, this sample strategy edisssignificant portion of the D/C/S
shellfish in the northeast corner, which potenjiatlight alter the interpretation of which
area of the house was of the highest status. Baséue Dionisio Point sample strategy,
it was the southwest corner, not the northeasterdhat was high-status. Furthermore,
similar numbers of these rare taxa were foundeémibrtheast corner (n=12) and
southeast corner (n=18), when in actuality thehe@s$t corner contained hundreds of
D/C/S shellfish while the southeast corner did fibie status of these areas appears
similar, when in fact the northeast corner had wrably more status-related fauna. The
McNichol Creek strategy did not show any significelusters of these taxa, although
arguably there were two small concentrations atbegiorth and east walls. At the very
minimum, this strategy did indicate that these tarae located more frequently at the
margins of the house rather than in the middle efpathe Huuir sample strategy clearly
identified the high-status corner of the housdyalgh it did not identify the
concentration of D/C/S shellfish in the southwesner of the house. A systematic
sample strategy identified one high-status arehe@mortheast corner, but failed to

identify any other clusters.
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Dionisio Point sample strategy: Huu7i sample strategy

Systematic (5%) sample strategy:

Figure 33. Number of D/C/S shellfish and whale found in eagbavation unit
for a given sample strategy (stratified sample ext page)
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Stratified sample strategy:

The judgmental sample strategies can also be eeahtd determine whether any
strategy would reveal any of the differences instomption practices or feasting
activities based on the concentrations of fish Bafégure 34). The Dionisio Point
sample strategy did uncover some of the ichthyadhdabris near the front door
(northwest wall) which had accumulated there assalt of housecleaning activities. It
also identified a concentration of fish bones & southeast corner; however, a
significant number of the bones from the centraktang hearth were missed. This is
partly a result of the slightly skewed locationtloé hearth which is actually 2-3 metres
north of the centre of the house, and as a rdselitnajority of the feasting remains were
not sampled using this strategy despite the fadtttie middle of the house was sampled.
This sample strategy also missed the concentrafibones near the high-status northeast
corner of the house. Unlike the Dionisio Pointt&igg, the McNichol Creek strategy
clearly identified the central feasting area in hloeise; however, it failed to uncover the
concentration of bones associated with the higtustamily in the rear of the house. The
Huu7i strategy identified the abundance of fish assi@al with the high-status northeast

corner, as well as a minor concentration of borezs the southeast corner. However, the
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central hearth was not identified because the saonut placement had been biased in
favour of the rear of the house. If the stratifsaanple design had been employed, higher
concentrations of fish bones were observable its##l and #10, which corresponded
with two of the three concentrations within the seu

Identifying intra-house differences in status ggiumdgmental strategies appears to
be less problematic than identifying inter-houdéedences in status. While no one
sample strategy identified all socially-significapaces, all strategies were able to
pinpoint at least one of the predicted indicatdrtva-house status differences. The
McNichol Creek strategy was only able to identHg tentral hearth area, likely because
this sample design was not developed for a shehamgse, but rather for a northern
house type, and therefore the configuration ofuthies was different.

In all cases, rare taxa were observed more fratyueear the perimeter of the
house although it is clear that the entire perimetest be sampled in order to identify
specific status areas based on rare taxa. For égathp Dionisio and Huui/strategies
each identified one out of the two concentratiohB/€/S shellfish but missed the other
because the entire perimeter was not excavatedVithiéchol Creek strategy uncovered
neither of these concentrations, although it dehtdy one concentration along the north
wall. Differences in distributions of the fauna delsed above indicate some of the
spatial structure of the house as well as diffezsrietween high and low status. At
Ozette, all sampling designs clearly identifiedféecence between the perimeter areas of

the house and the central space using rare, haghssiauna. However, when a higher
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100% sample
strategy: McNichol Creek sample strategy:

Huu7i sample strategy:

Figure 34. Abundance of fish using different excavation stgas at House 1. Darker shading represents
units with higher abundance of fish remains. Theber of fish bones for each sample unit has been
normalized as a percentage of the total numbesbfdxcavated according to the particular sampégesty
being tested.
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resolution of difference is desired (e.g. differenbetween nuclear families throughout
the house), the results are much harder to pradatimay require that even larger areas

of the house be excavated.

In summary, inter-house differences are hard eotifly regardless of sample
strategy when the taxa in question are rare; howexeen such taxa are abundant, many
of the strategies will detect such differences. iRtva-house differences, large areal
excavations do identify difference status areakiwithe house, although it appears that
the entire house would have to be excavated inr dod®ne to be confident that a status
area was not missed. Inter- and intra-house diffage are affected both by sample
method and sample size. Probabilistic (random gst&matic) samples can be used to
identify inter-house differences in status, altHolayger sample sizes than the ones used
in this thesis would be required for rare taxag¢adentified with certainty. Using the
same judgmental sample at each house is very lmrmardnd an increase in size does not
appear to result in more accurate information;sér@ple method chosen appears much
more important. When intra-house differences aresicered, both size and method will
affect the outcome: an increase in sample sizelikaly identify more of the status areas,
although this is dependent on fortuitously idemtifystatus indicators within each

nuclear family area.
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Chapter 9: Discussion and Conclusion
This chapter begins with a synthesis and discossli@ritical sample sizes

needed to investigate a variety of research questibhe implications of this research for
household archaeology and for cultural resourceag@ment will then be outlined,
followed by a discussion of the limitations of tiesearch. Finally, future avenues of

research are considered.

9.1 The Optimal Sample Strategy
The title of this section is purposefully a tongnecheek comment, as the results

of sampling simulations indicate that no one sarspigtegy is appropriate for all three
research questions that were investigated in li@isi$. Nevertheless, based on the results
of sampling simulations, several generalizationslmamade. Although the statements
below do not hold true in every case, they aredsdhat were clearly evident for the
majority of the sampling simulations.

1. Most samples, regardless of size or method, idedtthe presence of
abundant taxa in each of the houses.

2. Alarge sample size was needed — approximately-40¢oorder to identify
most, i.e., 90% or more, of the taxonomic richress house.

3. If the total richness of a house is the centragaesh question, then an
extremely large sample of the house would neec texicavated.

4. Richness values were affected more by sample lsarelty sample method.
5. A 5% systematic sample identified general trendénrelative abundance of
most taxa. Random samples of 5-10% were also abtentify general trends

in relative abundance, with one exception (shéllfexa at House 1).

6. The relative abundance of a taxon depended motleeosample method than
on the sample size.
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7. Inter-house differences in status were difficulaszertain accurately using
any of the sample strategies tested in this th&ékis.was especially true if the
taxa in question were rare.

8. Large areal excavations that targeted high-statesavere able to detect
some intra-house differences in status, but they failed to identify all of
these areas as well.

9. Despite considerable differences in cultural sst@nfation processes and
different faunal distributions at each Ozette hoadleof the sample strategies
performed similarly regardless of the house at Wwithey were being tested.

10.Very small (0.1%) systematic auger samples appedarbd an inappropriate
method to use in sampling house features if onbegiso answer the
guestions posed in this thesis regarding richimetstjve abundance and
indicators of status.

While it is impossible to be certain that housesther shell-midden rich sites will have
exactly the same distribution of taxa as the on&watte, many similar cultural site
formation processes that were observed at Ozettelheen observed at other sites. It is
plausible that they share at least some similaritighe structure of their faunal data with
houses at Ozette. As such, this research providétewalternative methods of excavating
houses in the future which can address some a$shies raised in Chapter 2 and Chapter
4. These issues include data-overload, the smaibeu of house excavations undertaken,
and sampling designs which implicitly or explicittyoke the ethnographic record when
selecting which house and where within the houstavate. .

Based on points #5 and #6 above, it is clear tietssue of faunal data-overload
can be addressed by using small probabilistic sasn@ls noted in Chapter 7, a 5%
systematic sample fairly accurately identified gahtrends in the composition of fauna
within a house and as such, this sampling methattiatrastically reduce the number of

specimens that need to be identified in future exttans. For example, at House 2 — a

house which contained over 190,000 faunal specimenS% systematic sample
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required the analysis of fewer than 3,000 mammalfish bones (Table 13) from 8.5m
of excavation. The results from this sample wemdyfeepresentative of the relative
abundance of abundant taxa in this house and eéeMmt less than 4.0% from their
actual relative abundance (Figure 22 and Figure2&)n if the shellfish specimens from
the sample are added to this total, the total nurabelentified specimens is still under
10,000. At the other two houses, a 5% systematnpkaby area required even fewer
bones to be identified (Table 13).

Implementing such a small sample strategy doesewdssarily exclude the
possibility that large areal excavation may alsabeéertaken. In some cases, large areal
excavation may be desired because other linesidéeee, including features and
artifacts, provide valuable information about tingamization of space within these
dwellings. One could apply a systematic or randampse strategy to the entire house,
and then add additional units which are contiguouse existing randomly- or
systematically-placed units in order to sampleféatures and artifacts, although it is
important to recognize that these additional usiisuld be interpreted with caution since
they form part of a judgmental sampling strategy.

If judgmental sampling were the only sample metbtloalsen, then randomly or
systematically selected units within this judgméastanple might allow researchers to
decrease the number of specimens identified. Whétigestrategy would provide
accurate results at Ozette, based on the Hu@Nichol Creek or Dionisio Point
strategies is one avenue for future research. $ao®l data collected from data-rich
shell middens are rarely analyzed in their entjritg research presented in this thesis

may provide a rationale for selecting specific exateon units to sample, according to
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random or systematic procedures. Other considasatguch as the proximity to a hearth
may also be guiding factors to consider when selgexcavation units for faunal
analysis (Ewonus 2006).

When considering statements #5 and #6 abovecli¢#s that more houses within
a village can be excavated, thereby addressingdtend issue raised above, namely that
only a small number of houses have been excavatbhohwa single village. Furthermore,
using the same sample strategy at each houseastageous, since the faunal data
generated from each sample from one house cannmbgared directly with the data from
another house. Generalized trends in the faunalakived from these units at different
houses may in fact indicate socioeconomic diffeesnét McNichol Creek, for example,
the higher proportion of mammalian taxa at Hous&/Ren compared to faunal data at
House D, was used to support the argument thatdHOusas the high-status house
(Coupland et al. 2003). A 5% systematic samplertdia@n 3-4 houses within a single
village and subsequently analyzed could elucid#tamnation about patterns that are
similar or different to the ones at McNichol Creakd researchers should have greater
confidence in their results. The outcome of suseaech is likely to result in a greater
understanding of both village dynamics and diffee=nin household subsistence
practices.

Finally, it is important to comment on the conceutlined in Chapter 4 regarding
the use of ethnographic literature to decide upenstmple strategy to be used.
Ethnographically, the largest house is generaliyttighest status house, and the space
within each house is also assumed to be strucagearding to status (see Chapter 2). As

such, large houses are often investigated in a medepth fashion than other houses,



151

and supposed high-status areas within these havsedso tested (see Chapter 4). This
reinforces, rather than tests whether archaeolbdata reflect ethnohistoric

observations. The solution to the first part ostissue — the emphasis on excavation
directed towards the largest house — can be adtdgssampling additional houses in a
village, provided that houses which are smallesrothe periphery of a village are tested.
As observed above, this may be possible using systématic samples, and will allow
for the direct comparison of faunal data from bloifh-status and commoner households,
and therefore evaluate whether the faunal dataatels congruence with ethnographic
patterns or not.

The other aspect of ethnographic observations aftiéined within sampling
strategies was the assumption that practices witl@rinouse were structured in a specific
manner. Based on the samples tested in this thlesrg, appears to be no simple sample
solution to this issue. Based on point #7 abowntiflying the amount of high-status
fauna in a house, even when this house conforrathtiographic patterns, as is the case
at Ozette, is not reliably accomplished for alleégmf fauna using any one of the sample
strategies tested in this thesis. Similarly, assalt of point #8 above, it appears as if the
spatial organization of the entire house, as imétga using faunal distributions, is also
difficult to ascertain without large-scale excawatiEven if this type of excavation is
undertaken, it is likely that some of the statiesaarwill be missed.

Examination of this issue from the perspectivehef MAUP may suggest a
possible method of addressing the link betweenagftaphic accounts of the household
and archaeological interpretation of status ar@agd,may also prompt researchers to

consider how their sample designs are guided hyogiktoric accounts. The MAUP, as
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noted in Chapter 3, results from the creation tfieial boundaries which are not
meaningful, and therefore results in excavationsuhiat could be aggregated according
to a number of different configurations. In curreractice, "meaningful” boundaries are
almost always developed using ethnographic soumcesnjunction with features such as
hearths and house posts (e.g., Grier 2006). Ttex laethods are extremely useful,
although in some cases it does appear as if tlsepce of features is utilized as a
teleological argument for the existence of an eginaphic pattern. More research is
required in which these multiple lines of archagatal evidence, rather than
ethnographic evidence, are used to meaningfullgtijedifferences in the spatial
organization of household activities.

Another method of addressing the link between agraqahic and ethnohistoric
sources and archaeological examples would be &stigate more houses which do not
date to the contact period, since some of thosehwthd date to this period do appear to
reflect ethnohistorically documented patterns.dimg so, archaeologists may be able to
more fully comprehend changes to NWC society arggonte points of similarity and
difference between ethnohistoric accounts and aadbgical data which predate
European contact.

Finally, while this argument is not developed witline scope of this thesis, an
informed critical discussion on the accuracy ohethistoric accounts may help
archaeologists decide how reliable and applicalddé siccounts are as analogues for the
sites they are excavating and whether they wislséothese accounts when deciding on a

particular sample strategy.
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The research in this thesis can also be fruitfagiplied to issues not directly
investigated in this thesis. For example, the Istigrvalue of this research may apply not
only to ecofacts but also to artifacts, as therithigtion of the latter may be similar to the
distribution of rare fauna. As such, this may foresearchers to question the validity of
their conclusions regarding similarities and diéieces between houses based on
artifactual evidence, given that such comparisata/éen samples from each house
failed to accurately predict inter-house differenta rare fauna at Ozette.

This research has focused on the issue of samgtiddiousehold archaeology on
the Northwest Coast, and similar issues must elgstvhere in the world when the focus
of excavation directed towards domestic structutes.likely that some of the issues
addressed in this thesis are analogous to prolleotber areas of the world faced by
household archaeologists. Using some of the obsemgamade in this thesis as a point
of departure, other archaeologists could examiaeetfects of sampling on their
interpretation of houses and households in otlgons.

Finally, this research may also have implicatiasrsclltural resource
management (CRM) archaeology. Although house depass rarely investigated
specifically during CRM work, the results from prays chapters indicate that a 10%
random sample or a 5% systematic sample may praddquate information in order to
understand the general composition of fauna frdrawse. This research can be used as a
rationale for the sample strategy employed, andesgiently as an estimation of the time
and expense required to adequately excavate ahgariaunal data from the house(s).

Future research on the Ozette data (elaboratedatiof 9.3) may be able to suggest how
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much of the exterior midden would need to be exieal/mn order to understand the fauna

from this part of the village.

9.2 Limitations
There are several limitations concerning thisaesethat should be articulated.

This research is predicated on the fact that hlases can be defined. As noted in
Chapter 2, midden ridges behind, in front and betwsouses can help to identify the
spatial extent of houses. In situations where hpletforms are not defined and sub-
surface testing is required in order to define ledusundaries, systematic sampling may
be a useful technique. If 50cm X 50cm units arelusech units may allow the
researcher to identify features more easily thayjeaar core testing, and once house
features are defined based on these units, exoauatits located within the house can
be integrated into a house floor-specific samptiegign. Another issue which
archaeologists at other sites will likely have ¢miend with (which was not an issue at
Ozette) is the identification of house floor dep®sihe mixing of material from
occupation of the site both prior to house consimncand after house abandonment can
make the identification of discrete house floofficlilt. Stratigraphy, compaction, and
the presence of features may aid in the identiboadf house floors and allow for
samples to be taken from a specific house floor.

This particular project was also limited by thetfthat avifaunal remains were not
identified. While this often represents the smalfsportion of fauna recovered from a
site (as was the case at Ozette, McNichol Creekg&hSpit, Huu#, etc.) the

distribution of bird remains could be significantifferent from that of other types of
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fauna, and therefore could change the results erivthis thesis. At present, there is no

way to predict how accurate the results for avilduamains will be.

9.3 Future Avenues of Research
The Ozette dataset, by virtue of its size andiveaompleteness, has many

potential avenues for further exploration, espécialth respect to sampling. In order to
maintain focus, this thesis focused on a small remobsampling issues that could be
investigated using this dataset. Other avenuessafarch are listed below, although this
is by no means a comprehensive list. These pasigibihave been divided into two
categories: future sampling research based orxteesve Ozette dataset, and future
research based on the results of this thesis.

Future sampling research using Ozette dataset:

1. Exterior midden data from Ozette could be analypeabserve what sample sizes
and methods provide accurate results for exteoatexts. These results could
then be compared with the interior of houses ireptd observe what similarities
and differences exist between sampling requiremfenthe interior versus the
exterior of a house.

2. Different sample strategies could be analyzed. &leeslld include judgmental
samples from other NWC house excavations or sedtgfystematic samples.
Additionally, different sample sizes could be testeorder to address the effect
of the MAUP. Excavation units of varying sizes (&6fcnf, 1nf or 2 nf units)
could be compared to observe the decrease in tesohs excavation units
become larger (i.e., the aggregation issue of MAIdted in Chapter 3). This in
turn could be investigated to determine if largerayation units obscure too
much of the variability in faunal concentrationglanake it difficult to determine
the spatial organization of a house based on faiatal

3. Data could be added to the GIS such as hearthrésatind artifacts, and then the
houses re-sampled. The congruence between thésediflines of evidence in
the interpretation of inter-house and intra-howsi#ferences could then be re-
examined, focusing on which strategies providentlost accurate results for these
different lines of evidence.

4. The complete dataset could be analyzed in-depthugstigating the degree of
spatial clustering for each and every taxon. Thistering could be compared
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between and within houses for a given taxon inotaenterpret the range of
behaviours which occurred in each house and theabfmcation (if any) of such
behaviours in the house.

5. Monte-Carlo simulation of entire assemblages cteldhvestigated in order to
identify the probabilities of getting an accurasenple for a given sample size
using random or systematic sampling.

Applied research based on the results from thisishe

6. One could excavate part of a village and test fwunore houses according to a
5% systematic sample strategy to understand villggamics.

7. The fauna from different sites could be evaluataseld on sampling designs
generated from this thesis. The results basedesetbample strategies could be
compared to the sample of fauna identified usirgatttual strategy employed.
Essentially, this type of research would evaluat# @ompare the efficacy of

sample strategies at Ozette versus the efficattyeofame sample strategies at
other sites to identify similarities and differesce

9.3 Conclusion
Sampling is an issue which is often ignored orlmaked with respect to

household archaeology on the Northwest Coast. &tvény least, this thesis should
prompt researchers in NWC household archaeologydognize the importance of
sampling and therefore to consider much more chyaheir choice of sampling
strategy. The results of the sampling simulatio®»étte data indicate that significant
reduction in the quantity of faunal analysis magutein only minimal loss of
information, although an accurate interpretatiostatus may be difficult to ascertain
using these smaller samples. Nevertheless, inaawleere funding and labour for
archaeological projects are scarce, and giveratige Iquantity of data contained in
archaeological deposits, | hope to have shownd¥dhin avenues of research can

productively be investigated using relatively snsalinple sizes.
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Appendix 1: Sampling Designs Used in Northwest Coas
Household Archaeology
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House 1

Excavation of 3 houses at Ozette (spatial relakigpssbetween houses not shown). The
dots represent artifacts, solid lines representtheamplexes. Dashed lines represent
drainage trenches and dot-dash lines represeitti house floor midden (Samuels

1994:215).
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Excavated areas at the Huilsite (Courtesy Alan MacMillan and lain McKechhie
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Excavated areas of the Paul Mason Site. The upagrain demarcates all the excavated
areas at the site. The lower left diagram showserdetail of the excavation at House 2,
while the lower right diagram shows more detaitheff excavation at House 9 (Coupland

1988:133, 140, 141).
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Excavated areas at the McNichol Creek Site; seepalge below (Coupland 2006:87).
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Appendix 2: Corrected Faunal Database
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House 1

Taxa (Fish) Common Name NISP % NISP (fish)

Ophiodon elongatus Lingcod 2089 28.15%
Oncorhynchus spp./Salmo sp. Salmon 1039 14.00%
Sebastes spp. Rockfish 1007 13.57%
Hippoglossus stenolepis Halibut 924 12.45%
Cottidae Scuplin 822 11.08%
Hexagrammos sp. Greenling 681 9.18%
Embiotocidae Surfperches 325 4.38%
Scorpaenichthys marmoratus Cabezon 200 2.70%
Pleuronectiformes Flatfish 140 1.89%
Squalus acanthias Dodfish 52 0.70%
Clupea harengus pallasi Herring 50 0.67%
Raja sp. Skate 35 0.47%
Microgadus proximus Pacific tomcod 33 0.44%
Anarrhichthys ocellatus Wolf eel 13 0.18%
Gadus macrocephalus Pacific cod 10 0.13%
Totals 7420 100%
Taxa (Mammals) Common Name NISP %NISP (mammals)

Callorhinus ursinus Northern fur seal 6328 85.40%
Canis familiaris Dog 394 5.32%
Delphinidae Porpoise 164 2.21%
Eumetopias jubata Sea lion 159 2.15%
Balaenopteridae Whale 147 1.98%
Odocoileus hemionus Mule deer 78 1.05%
Enhydra lutris Sea otter 60 0.81%
Phoca vitulina Harbour seal 32 0.43%
Megaptera novaeangliae Humpback whale 20 0.27%
Eschrichtius gibbosus Gray whale 13 0.18%
Lutra canadensis River otter 5 0.07%
Cervus canadensis Elk 4 0.05%
Martes americana Marten 3 0.04%
Procyon lotor Raccoon 2 0.03%
Castor canadensis Beaver 1 0.01%
Totals 7410 100%
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Taxa (Shellfish) Common Name NISP %NISP (shellfish)

Mytilus californianus California mussel 10022 29.90%
Littorina sitkana Sitka periwinkle 7652 22.83%
Protothaca staminea Littleneck clam 4636 13.83%
Mytilus sp. Mussel 3651 10.89%
Mytilus edulis Blue mussel 1879 5.61%
Saxidomus giganteus Butter clam 1177 3.51%
Katharina tunicata Black leather chiton 848 2.53%
Tresus sp. Tresus clam 484 1.44%
Acmaea t. scutum Plate limpet 383 1.14%
Thais lamellosa Frilled dogwinkle 375 1.12%
Dentalium pretiosum Dentalia 266 0.79%
Acmaea sp. Limpet 239 0.71%
Cryptochiton stelleri Giant chiton 225 0.67%
Acmaea pelta Ridge limpet 196 0.58%
Searlesia dira Dire whelk 145 0.43%
Mitella polymerus Stationary gooseneck 120 0.36%

barnacle

Strongylocentrotidae Urchin 104 0.31%
Lacuna variegata Northern chink shell 104 0.31%
Mopalia muscosa Mossy chiton 99 0.30%
Acmaea mitra Nookta cap limpet 87 0.26%
Macoma nasuta Bent-nose clam 83 0.25%
Astraea gibberosa Red turban shell (opercula) 79 0.24%
Mopalia sp. Chitons 73 0.22%
Thais lima File dogwinkle 69 0.21%
Thais emarginata Emarginate dogwinkle 66 0.20%
Olivella biplicata Purple olive shell 44 0.13%
Veneridae Venus clam 40 0.12%
Tegula funebralis Black turban shell 30 0.09%
Macoma secta White sand clam 26 0.08%
Siliqua patula Pacific razor clam 24 0.07%
Clinocardium nuttalli Pacific basket cockle 20 0.06%
Diodara aspera Rough keyhole limpet 20 0.06%
?:g%r;?:yr/]lizenr;r'sotus Green sea urchin 19 0.06%
Thais sp. Dogwinkle 18 0.05%
Cancer productus Red rock crab 18 0.05%
Haliotus kamtschatkana Northern abalone 17 0.05%
Calliostoma ligatum Blue top shell 16 0.05%
Chyamys icelandicus Icelandic scallop 16 0.05%
Hipponix cranoides Flat hoof shell 15 0.04%
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Taxa (Shellfish) Common Name NISP %NISP (shellfish)
Octopus dofleini Octopus 13 0.04%
Acmaea persona Mask limpet 13 0.04%
Tresus capax Horse clam 11 0.03%
Littorina sp. Periwinkle 10 0.03%
Macoma irus Polluted macoma 9 0.03%
Pecten caurinus Weathervane scallop 8 0.02%
Thais canaliculata Channeled dogwinkle 8 0.02%
Tellina bodegensis Bodega clam 8 0.02%
Fustritriton oregonensis Oregon triton 6 0.02%
Tellina sp. Tellin clam 5 0.01%
Scapellum columbiaum Not listed 5 0.01%
Littorina planaxis Flat periwinkle 5 0.01%
Crepidula adunca Hooked slipped shell 4 0.01%
Tresus nuttallia Horse clam 3 0.01%
Hinnites mutlirugosus Purple-hinged rock scallop 3 0.01%
Eq%%?g:;??;ﬁa Rock oyster 3 0.01%
Glycymeris suboboleta Bittersweet / Ark shell 3 0.01%
Penitella penita Piddocke clam 3 0.01%
Natica clausa Arctic moon snalil 2 0.01%
Opalia wroblewskii Wrobleski's wentletrap 2 0.01%
Littorina scutulata Checkered periwinkle 2 0.01%
Chyamys hastata Pacific spear scallop 1 0.01%
Acmaea instabilis Instable limpet 1 0.01%
Mopalia lignosa Woody chiton 1 0.01%
Crepidula nummaria White slipper shell 1 0.01%
Acmaea digitalis Finger limpet 1 0.01%
Totals 33516 100%
House 2

Taxa (Fish) Common name NISP %NISP (fish)
Ophiodon elongatus Lingcod 10935 26.12%
Sebastes spp. Rockfish 7424 17.74%
Hexagrammos sp. Greenling 6428 15.36%
Oncorhynchus spp./Salmo sp.  Salmon 3884 9.28%
Cottidae Sculpin 3063 7.32%
Scorpaenichthys marmoratus ~ Cabezon 2964 7.08%
Hippoglossus stenolepis Halibut 2513 6.00%
Embiotocidae Surfperches 2121 5.07%
Squalus acanthias Dogfish 923 2.21%
Pleuronectiformes Flatfish 140 0.33%
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Taxa (Fish) Common name NISP %NISP (fish)

Clupea harengus pallasi Herring 69 0.16%
Raja sp. Skate 65 0.16%
Gadus macrocephalus Pacific cod 23 0.05%
Anarrhichthys ocellatus Wolf-eel 19 0.05%
Microgadus proximus Pacific tomcod 13 0.03%
Eopsetta jordani Petrale sole 2 0.01%
Thunnus thynnus Bluefin tuna 1 0.01%
Totals 40597 100%
Taxa (Mammals) Common name NISP %NISP (mammals)

Callorhinus ursinus Northern fur seal 12497 90.15%
Delphinidae Porpoise 327 2.36%
Eumetopias jubata Sea lion 312 2.25%
Canis familiaris Dog 188 1.36%
Enhydra lutris Sea otter 145 1.05%
Odocoileus hemionus Mule deer 120 0.87%
Balaenopteridae Whale 95 0.69%
Phoca vitulina Harbour seal 70 0.50%
Mephitis sp. Skunk 44 0.32%
Megaptera novaeangliae Humpback whale 21 0.15%
Eschrichtius gibbosus Gray whale 16 0.12%
Ursus americanus Black bear 10 0.07%
Cricetidae Mouse 4 0.03%
Martes americana Marten 3 0.02%
Lutra canadensis River otter 3 0.02%
Castor canadensis Beaver 3 0.02%
Tamiasciurus douglasii Squirrel 2 0.01%
Cervus canadensis Elk 1 0.01%
Balaenoptera physalus Fin whale 1 0.01%
Totals 13866 100%
Taxa (Shellfish) | Common name NISP %NISP (fish)

Littorina sitkana Sitka periwinkle 39290 28.91%
Mytilus californianus California mussel 29641 21.81%
Protothaca staminea Littleneck clam 12601 9.27%
Mytilus sp. Mussel 11097 8.16%
Katharina tunicata Black leather chiton 9667 7.11%
Mytilus edulis Blue mussel 5158 3.80%
Mopalia muscosa Mossy chiton 3818 2.81%
Saxidomus giganteus  Butter clam 3491 2.57%
Cryptochiton stelleri Giant chiton 3385 2.49%
Mopalia sp. Chitons 3048 2.24%
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Taxa (Shellfish) | Common name NISP %NISP (fish)
Acmaea t. scutum Plate limpet 3040 2.24%
Acmaea pelta Ridge limpet 1692 1.24%
Thais lamellosa Frilled dogwinkle 1577 1.16%
Acmaea sp. Limpet 1055 0.78%
Searlesia dira Dire whelk 1005 0.74%
Strongylocentrotidae Urchin 888 0.65%
Thais lima File dogwinkle 852 0.63%
Tresus sp. Clam 595 0.44%
Mopalia lignosa Woody chiton 466 0.34%
Lacuna variegated Northern chink shell 366 0.27%
Veneridae Venus clams 356 0.26%
SUONGYICentiowss  yrenin 334 0.25%
Thais emarginata Emarginate dogwinkle 308 0.23%
Acmaea persona Mask limpet 304 0.22%
Tegula funebralis Black turban shell 201 0.15%
Acmaea mitra Nootka cap limpet 175 0.13%
Mitella polymerus Stationary gooseneck 161 0.12%
barnacle
Thais sp. Dogwinkle 156 0.11%
Littorina planaxis Flat periwinkle 116 0.09%
Thais canaliculata Channeled dogwinkle 116 0.09%
Tellina sp. Tellin clam 90 0.07%
Octopus dofleini Octopus 87 0.06%
Macoma nasuta Bent-nose clam 71 0.05%
Littorina sp. Periwinkle 59 0.04%
Acmaea digitalis Finger limpet 51 0.04%
Calliostoma lignatum Blue top shell 47 0.03%
Clinocardium nuttalli Pacific basket cockle 45 0.03%
Diodara aspera Rough keyhole limpet 43 0.03%
Hipponix cranoides Flat hoof shell 42 0.03%
Pecten caurinus Weathervane scallop 42 0.03%
Olivella biplicata Purple olive shell 39 0.03%
Chyamys hastata Pacific spear scallop 36 0.03%
Hinnites multirugosus SP:;ﬁ(I)ephmged rock 35 0.03%
Littorina scutulata Checkered periwinkle 33 0.02%
Astraea gibberosa E)%i:g&?;n shell 30 0.02%
Tellina bodegensis Bodega clam 25 0.02%
Macoma secta White sand clam 24 0.02%
Cancer productus Red rock crab 20 0.01%
Haliotis Northern abalone 20 0.01%

kamtschatkana
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Taxa (Shellfish) | Common name NISP %NISP (fish)
e 1
Macoma irus Polluted macoma 16 0.01%
Opalia wroblewskii Wrobleski's wentletrap 12 0.01%
Siliqua patula Pacific razor clam 11 0.01%
Tresus nuttalli Horse clam 10 0.01%
Chyamus rubidus Hinds scallop 8 0.01%
SJ{EEEE rtlz Bittersweet / Ark shell 7 0.01%
Crepidula adunca Hooked slipped shell 5 0.01%
Nassarius fossatus Channeled dog whelk 5 0.01%
Chyamys icelandicus  Icelandic scallop 4 0.01%
Crepidula nummaria White slipper shell 3 0.01%
Dentalium pretiosum Dentalia 3 0.01%
Fusitriton oregonensis  Oregon triton 2 0.01%
E:;%?gsesr?;su;a Rock oyster 1 0.01%
Tresus capax Horse clam 1 0.01%
Totals 135915 100%
House 5

Taxa (Mammals) Common name NISP  %NISP (mammals)
Callorhinus ursinus Northern fur seal 2091 91.47%
Eumetopias jubata Sea lion 55 2.41%
Enhydra lutris Sea otter 38 1.66%
Phoca vitulina Harbour seal 26 1.14%
Delphinidae Porpoise 25 1.09%
Odocoileus hemionus Mule deer 21 0.92%
Canis familiaris Dog 12 0.52%
Megaptera novaeangliae Humpback whale 6 0.26%
Balaenopteridae Whale 6 0.26%
Lutra canadensis River otter 2 0.09%
Cervus canadensis Elk 2 0.09%
Ursus americanus Black bear 1 0.04%
Eubalaena sieboldii Gray whale 1 0.04%
Totals 2286 100%
Taxa (Shellfish) Common name NISP %NISP (shellfish)
Littorina sitkana Sitka periwinkle 4076 35.38%
Mytilus californianus California mussel 2368 20.55%
Mytilus sp. Mussel 2140 18.57%
Saxidomus giganteus Butter clam 575 4.99%
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Taxa (Shellfish) Common name NISP %NISP (shellfish)
Protothaca staminea Littleneck clam 501 4.35%
Mopalia muscosa Mossy chiton 327 2.84%
Mytilus edulis Blue mussel 306 2.66%
Katharina tunicata Black leather chiton 170 1.48%
Acmaea pelta Ridge limpet 124 1.08%
Searlesia dira Dire whelk 87 0.76%
Strongylocentrotidae Urchin 87 0.76%
Acmaea t. scutum Plate limpet 85 0.74%
Cryptochiton stelleri Giant chiton 85 0.74%
Acmaea persona Mask limpet 68 0.59%
Thais lamellosa Frilled dogwinkle 56 0.49%
Mopalia lignosa Woody chiton 53 0.46%
Lacuna variegated Northern chink shell 51 0.44%
Octopus dofleini Octopus 48 0.42%
Thais emarginata Emar_glnate 46 0.40%
ogwinkle
Acmaea mitra Nootka cap limpet 38 0.33%
Mitella polymerus Barnacle 38 0.33%
Mopalia sp. Chitons 34 0.30%
Veneridae Venus clam 26 0.23%
Tresus sp. Clam 23 0.20%
Acmaea sp. Limpet 20 0.17%
Modiolus modiolus Horse mussel 13 0.11%
Diodara aspera Rough keyhole limpet 11 0.10%
Thais sp. Dogwinkle 11 0.10%
Strongylocentrotus drobachiensis Green sea urchin 10 0.09%
Thais lima File dogwinkle 9 0.08%
Astraea gibberosa Red turban shell 8 0.07%
(opercula)
Littorina planaxis Flat periwinkle 6 0.05%
Pecten caurinus Weathervane scallop 4 0.03%
Hinnites multirugosus Northern abalone 3 0.03%
Macoma sp. Macoma clam 3 0.03%
Pododesmus macroshisma Rock oyster 3 0.03%
Clinocardium nuttalli Pacific basket cockle 2 0.02%
Opalia wroblewski Wrobleski's 2 0.02%
wentletrap
Thais canaliculata Channeled dogwinkle 2 0.02%
Macoma nasuta Bent-nose clam 1 0.01%
Modiolus rectus Horse mussel 1 0.01%
Totals 11521 100%
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Appendix 3: Sample Designs Applied to Ozette

Note: Each [ ] represents a single 50cm X 50cm unit.

House 1 5% random trial 2:
10% random trial 1:

1% random trial 2;
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McNichol Creek Strategy:
1% random trial 3:

Dionisio Point Strategy:
0.1% Systematic Auger Strategy:

5% Systematic Strategy: (~6%) Stratified Systematic Strategy:

House 2
e 10% random trial 1:




10% random trial 2: 5% random trial 3:

1% random trial 1:

5% random trial 1: 1% random trial 2:

5% random trial 2: 1% random trial 3:
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0.1% Systematic auger strategy:

5% Systematic strategy: House 5
10% random trial 1:

10% random trial 2:

McNichol Creek Strategy:
10% random trial 3:

Dionisio Point Strategy:



5% random trial 1:

5% random trial 2:

5% random trial 3:

1% random trial 1:

1% random trial 2:

1% random trial 3:

0.1% Systematic Auger Strategy:

5% Systematic Strategy:
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Dionisio Point Strategy:

HuuZii Strategy:

McNichol Creek Strategy:




Appendix 4: NISP Values for Samples

Note: "RT" refers to "random trial"

201

House 1

House 1 Fish Samples

Taxa 100% | Dionisio | McNichol | HuuZii | 10% RT1 | 10% RT2 | 10% RT3 | 5% Syst. | 5% RT1 | 5% RT2 | 5% RT3 | 1% RT1 | 1% RT2 | 1% RT3
Lingcod 2089 788 675 300 228 201 219 145 117 131 121 23 17 28
Salmon sp. 1039 372 540 79 93 125 150 64 49 40 63 7

Rockfish sp 1007 400 274 209 116 128 96 57 59 58 53 11 6 5
Halibut 924 301 318 111 83 119 100 43 47 50 50 11 11 22
Scuplin 822 367 276 124 82 89 84 46 36 28 45 10 6 11
Greenling sp. 681 198 264 99 59 97 93 40 42 36 38 14 2 2
Surfperches 325 144 74 53 29 46 40 18 32 16 21 9 1 4
Cabezon 200 78 85 23 15 25 26 10 12 7 20 3 5 0
Flatfish spp. 140 26 26 45 10 18 17 9 12 10 7 1 0 0
Dogfish 52 30 14 7 6 8 8 5 4 4 3 0 0 1
Herring 50 5 38 6 10 6 11 2 7 0 1 5 0 2
Skate sp. 35 13 14 6 5 3 3 2 0 0 1 2
Pacific tomcod 33 9 18 0 4 2 0 2 6 0 0 0
Wolf eel 13 9 1 1 1 0 2 0 1 0 0 1 0 0
Pacific cod 10 3 4 0 1 0 2 0 0 0 0 0 0 0
Totals 7420 2833 2621 | 1063 741 961 858 444 421 384 428 95 56 85
House 1 Mammal Samples

Taxa 100% | Dionisio | McNichol | HuuZii | 10% RT1 | 10% RT2 | 10% RT3 | 5% Syst. | 5% RT1 | 5% RT2 | 5% RT3 | 1%RT1 | 1% RT2 | 1% RT3
g‘g;hem Fur | 6328 2868 2086 749 529 696 648 316 274 267 353 85 72 62
Dog 394 207 9 103 44 41 31 12 9 43 4 2 0 1
Porpoise 164 60 40 23 18 20 16 6 4 4 3 3 1 7
Sea lion 159 74 37 7 5 18 17 6 14 5 11 3 1 1
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Taxa 100% | Dionisio | McNichol HuuZii 10% RT1 | 10% RT 2 | 10% RT 3 | 5% Syst. | 5% RT1 | 5% RT 2 5% RT 3 1% RT1 | 1% RT2 | 1% RT3
Whale 147 54 34 29 20 16 7 6 10 10 17 2 0 2
Mule deer 78 40 16 2 5 10 6 3 6 5 4 3 2 0
Sea otter 60 39 14 11 1 6 4 4 2 2 5 1 0 0
Harbour seal 32 15 10 3 4 5 1 1 1 4 1 0 1 1
Humpback 20 7 9 1 2 2 2 2 2 1 0 1 0 0
whale

Gray whale 13 4 5 3 0 4 0 0 6 2 1 0 0 0
River otter 5 1 1 0 1 2 0 0 0 0 0 0 0 0
Elk 4 3 2 1 0 1 1 0 0 0 0 0 (o

Marten 3 3 0 1 0 0 0 0 0 0 0 0 (o

Raccoon 2 2 0 1 0 2 0 0 0 0 0 0 0 0
Beaver 1 0 1 0 0 0 0 0 0 0 0 0 0 0
Totals 7410 3377 2264 934 629 823 733 356 328 343 399 100 77 74
House 1 Shellfish Samples

Taxa 100% | Dionisio | McNichol | HuuZii | 10% RT 1 | 10% RT 2 | 10% RT 3 | 5% Syst. |[5% RT1|[5% RT2 |[5% RT3 |1% RT1|1% RT 2| 1% RT 3
California mussel 10022 3717 2783| 2108 1057 1111 944 490 538 583 478 65 74 153
Sitka periwinkle 7652 3200 2423 993 554 724 942 312 397 405 328 47 42 60
Littleneck clam 4636 1620 1158 995 533 574 378 260 258 250 221 74 46 61
Mussel 3651 1150 1157 722 420 391 294 172 174 252 195 45 41 56
Blue mussel 1879 663 541 446 218 214 139 7 81 113 87 24 16 35
Butter clam 1177 483 315 276 131 150 101 59 47 68 49 5 13 11
Black leather chiton 848 242 184 147 106 106 74 27 42 65 42 2 12 35
Clam 484 179 139 85 54 45 49 18 23 38 20 3 3 5
Plate limpet 383 129 107 69 42 42 47 23 20 25 19 2 2 7
Frilled dogwinkle 375 161 95 73 50 49 28 18 20 31 20 0 3 5
Dentalia 266 2 4 102 7 42 38 26 43 17 18 0 0 0
Limpet 239 44 70 46 25 32 26 7 10 14 15 4 1 4
Giant chiton 225 56 60 41 24 27 14 10 9 17 19 4 2 6
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Taxa 100% | Dionisio | McNichol | HuuZii | 10% RT 1 | 10% RT 2 | 10% RT 3 [ 5% Syst. |5% RT 1 |[5% RT2 |5% RT3 |1% RT1|1% RT2 | 1% RT 3
Ridge limpet 196 54 64 31 22 18 21 10 9 12 12 1 3 2
Dire whelk 145 44 70 26 14 11 15 5 8 7 6 6 2 0
Stationary gooseneck barnacle 120 49 47 26 10 16 12 6 6 3 10 3 1 0
Urchin 104 58 23 23 4 8 10 4 5 1 4 0 0 0
Northern chink shell 104 40 44 18 10 13 13 3 4 2 6 1 0 3
Mossy chiton 99 40 21 23 10 11 10 2 3 7 9 0 1 5
Nootka cap limpet 87 38 30 12 9 17 10 0 8 2 4 0 2 1
Bent-nose clam 83 28 17 30 11 11 5 3 3 3 2 0 2
Red turban shell (opercula) 79 65 12 3 4 3 0 0 0 2 0 1 0
Chitons 73 35 10 16 8 12 1 4 4 1 0 1 1
File dogwinkle 69 25 33 9 8 7 0 5 3 3 0 1 1
Emarginate dogwinkle 66 18 35 5 6 10 10 1 1 3 1 0 1 0
Purple olive shell 44 21 16 10 3 6 5 1 1 4 2 0 0 1
Venus clam 40 8 18 3 3 1 4 0 2 1 0 0 0 0
Black turban shell 30 9 11 7 3 3 2 2 3 5 1 0 0 0
White sand clam 26 5 7 2 4 1 2 1 3 2 0 0 1
Pacific razor clam 24 9 0 1 2 4 2 5 1 1 0 0 0
Pacific basket cockle 20 0 11 2 2 2 4 2 1 0 3 1 0 0
Rough keyhole limpet 20 8 3 4 2 3 3 0 2 2 1 0 0 1
Green sea urchin 19 5 12 2 3 3 2 2 1 2 1 0 0 1
Dogwinkle 18 10 12 0 3 3 4 0 0 1 2 0 0 0
Red rock crab 18 2 14 2 0 0 1 1 1 2 1 0 0 0
Northern abalone 17 2 1 1 4 2 3 0 1 0 0 0 1 1
Blue top shell 16 0 8 1 6 1 3 0 2 1 1 2 0 0
Icelandic scallop 16 0 5 0 6 0 4 0 0 5 1 0 0 2
Flat hoof shell 15 9 4 2 1 2 1 3 1 1 0 0 0 0
Octopus 13 9 9 5 3 2 3 1 0 1 2 0 0 0
Mask limpet 13 3 2 3 0 0 0 2 3 2 1 0 0 0
Horse clam 11 5 4 1 2 1 1 1 1 0 0 0 0 1
Periwinkle 10 3 5 1 1 1 1 0 2 0 0 0 0 0
Polluted macoma 9 1 1 2 2 0 1 0 0 2 0 0 0 0
Weathervane scallop 8 0 2 2 1 1 1 0 0 0 0 2 0 0
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Taxa

100%

Dionisio

McNichol

HuuZii | 10% RT 1 | 10% RT 2

10% RT 3

5% Syst.

5% RT 1

5% RT 2

5% RT 3

1% RT 1

1% RT 2

1% RT 3

Channeled dogwinkle

Bodega clam

Oregon triton

Tellin clam

Not listed

Flat periwinkle

Hooked slipped shell

Horse clam

Purple-hinged rock scallop

Rock oyster

Bittersweet / Ark shell

Piddocke clam

Arctic moon snail

Wrobleski's wentletrap

Checkered periwinkle

Pacific spear scallop

Instable limpet

Woody Chiton

White slipper shell

Finger limpet
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Totals

33516

12279

9614

6392 3392

3687

3242

1556

1747

1962

1594

294

269

464

House 1 Stratified Systematic Sample

Fish NISP fish

Mammalian Taxa

NISP Mammals

Shellfis _ h

NISP

Lingcod 110

Northern Fur Seal

457 | California Mussel

833

Rockfish 82

Dog

30 | Sitka Periwinkle

390

Salmon 62

Sea lion

13 | Littleneck clam

284

Sculpin 55

Porpoise

Mussel

266

Halibut 47

Sea otter

Blue mussel

145

Greenling 35

Habour seal

Black leather chiton

100

Surfperches 30

Whale

Butter clam

90

Cabezon 14

Marten

S F O 1 IR ENE N

Frilled dogwinkle

45




Herring 7 | Deer Tresus clams 36
Skate 4 Plate limpet 25
Wolf-eel 3 Limpet 19
Dogfish 2 Ridge limpet 11
Giant chiton 10
Stationary gooseneck barnacle 10

Dire whelk

Nootka cap limpet

Mossy chiton

Urchin

Chitons

Bent-nose clam

Purple olive shell

File dogwinkle

Red turban shell (opercula)

Black turban shell

Rough keyhole limpet

Flat hoof shell

Checkered periwinkle

White sand clam

Venus clam

Periwinkle

Tellin clam

Dogwinkle

Bittersweet/ Ark shell

Flat periwinkle

Polluted macoma

Octopus

Pacific razor clam

Channelled dogwinkle

Emarginate dogwinkle

Horse clam
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\ Totals \ 451 | 525 \ 2331 \

House 2

House 2 Fish Samples
Taxa 100% | Dionisio | McNichol | HuuZii | 1096 RT1 | 10% RT2 | 10% RT3 | 5% Syst. | 5% RT1 | 5% RT2 | 5% RT3 | 1% RT1 | 1% RT2 | 1% RT 3
Lingcod 10935 3407 666 | 4539 1107 943 960 537 491 584 572 61 43 121
Rockfish 7424 1913 467 | 2513 833 684 613 333 256 479 323 51 22 80
Greenlingsp. | 6428 2404 889 | 3023 776 574 711 376 422 278 308 53 63 48
Salmon sp. 3884 1628 405 | 1857 477 377 435 221 228 219 218 18 21 63
Sculpin 3063 984 333 | 1167 408 334 302 145 126 215 145 31 12 16
Cabezon 2964 1162 211 | 1298 329 279 279 191 158 137 178 17 15 42
Halibut 2513 856 119 620 252 241 203 93 96 168 109 13 24 27
Surfperches 2121 768 294 | 1072 255 189 257 127 143 86 108 17 19 12
Dogfish 923 255 28 153 117 100 67 44 25 69 26 1 3 8
Flatfish 140 16 6 19 17 18 5 4 4 15 1 1 0 1
Herring 69 36 5 58 4 4 67 6 3 4 3 0 0 0
Skate sp. 65 9 6 24 6 4 5 5 5 2 1 0 0 0
Pacific cod 23 2 2 5 2 4 0 1 0 2 1 0 0 0
Wolf-eel 19 12 0 4 1 3 0 1 0 2 0 0 0 2
Pacific tomcod 13 2 2 9 2 2 1 3 2 0 0 0 0 0
Petrale sole 2 0 0 2 0 1 0 0 0 0 0 0 0 0
Bluefin Tuna 1 0 0 1 0 0 0 0 0 0 0 0 0 0
Totals 40587 | 13454 3433 | 16364 4586 3757 3905 2087 1959 2260 1993 263 222 420

House 2 Mammal Samples

Taxa 100% | Dionisio | McNichol |  HuuZii | 10% RT 1 | 10% RT 2 | 10% RT 3 | 5% Syst. | 5% RT 1 | 5% RT 2 50 RT3 | 1% RT1 | 1% RT2 | 1% RT 3

;\l‘fr’r;zg” 12497 4752 3784 878 1411 1220 1154 671 358 741 575 105 53 169

Porpoise 327 121 85 13 35 1 1 14 12 20 15 3 0 4

Sea lion 312 118 72 16 2 27 28 13 6 14 14 0 0 3

Dog 188 38 26 4 8 7 25 12 13 8 16 0 0 1

Sea otter 145 70 37 9 3 10 15 7 9 7 4 1 1 2
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Taxa 100% Dionisio | McNichol HuuZii | 10% RT1 | 10% RT2 | 10% RT 3 | 5% Syst. | 5% RT 1 | 5% RT 2 5% RT3 | 1% RT1 | 1% RT2 | 1% RT3
Mule deer 120 46 36 0 4 8 9 9 7 5 3 0 0 0
Whale 95 42 21 6 13 5 39 7 5 5 4 0 1 0
Harbour 70 23 26 10 2 3 5 2 3 5 0 0 0 0
seal

Skunk 44 3 0 0 6 36 0 0 0 4 0 0 0 0
Humpback 21 9 3 0 6 3 2 0 1 1 1 2 0 1
whale

Gray whale 16 7 5 0 28 0 0 2 1 3 0 0 0 0
Black bear 10 4 1 2 2 2 2 0 0 0 0 0 0 2
Mouse 4 2 3 1 1 7 5 0 0 1 0 0 0 0
Marten 3 3 1 0 3 0 0 0 0 0 1 0 0 0
River otter 3 1 2 0 2 0 0 0 0 0 0 0 0 0
Beaver 3 2 2 0 0 0 1 1 0 2 0 0 0 0
Squirrel 2 0 0 2 0 0 1 0 0 0 1 0 0 0
Elk 1 0 0 0 0 0 0 0 0 0 0 0 0
Fin whale 1 0 0 0 1 0 0 0 0 0 0 0 0 0
Totals 13862 5241 4104 941 1527 1329 1287 738 415 816 634 111 55 182
House 2 Shellfish Samples

Taxa 100%)| Dionisio| McNichol| HuuZii| 10% RT 1| 10% RT 2| 10% RT 3| 5% Syst.| 5% RT 1| 5% RT 2| 5% RT 3| 1% RT 1| 1% RT 2| 1% RT 3
Sitka periwinkle 1 0 1 0 1 0 0 0 0 0 0 0 0 0
California mussel 1 0 1 0 0 0 0 0 1 1 0 0 0 0
Littleneck clam 2 1 0 2 0 0 0 0 0 0 0 0 0 0
Mussel 3 1 1 0 1 0 0 1 0 0 0 0 0 0
Black leather chiton 3 1 3 0 2 0 0 0 0 0 0 0 0 0
Blue mussel 4 2 2 0 0 0 0 1 2 0 0 0 0 0
Mossy chiton 5 3 1 0 1 0 1 1 1 0 0 0 0 0
Butter clam 5 0 4 0 1 0 0 0 0 0 0 0 0 0
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Taxa 100%)| Dionisio| McNichol| HuuZii| 10% RT 1| 10% RT 2| 10% RT 3| 5% Syst.| 5% RT 1| 5% RT 2| 5% RT 3| 1% RT 1| 1% RT 2| 1% RT 3
Giant chiton 7 0 3 0 1 0 0 0 0 0 0 0 0 0
Chitons 8 2 7 0 1 0 0 0 1 1 0 0 0 0
Plate limpet 10 5 5 5 3 1 1 0 0 1 1 0 0 0
Ridge limpet 11 7 9 2 1 0 1 1 1 0 0 0 0 0
Frilled dogwinkle 12 5 8 1 0 0 1 1 0 6 0 0 0 0
Limpet 16 9 5 3 2 1 1 0 0 1 0 1 0 0
Dire whelk 17 4 2 9 0 1 3 1 1 0 3 0 0 0
Urchin 20 2 11 5 0 3 2 1 0 0 2 0 0 0
File dogwinkle 20 9 11 3 2 2 4 0 3 3 0 1 0 1
Clam 24 9 8 8 8 3 4 2 1 3 3 0 1 0
Woody chiton 25 8 7 2 4 2 3 0 1 1 3 0 1 1
Northern chink shell 30 6 2 4 5 4 2 1 1 2 0 2 0 0
Venus clam 33 14 11 0 4 5 1 1 0 1 4 0 0 0
Urchin 35 11 5 2 3 2 2 1 0 2 2 0 0 0
Emarginate dogwinkle 36 12 19 8 7 3 3 1 1 1 2 0 1 0
Mask limpet 39 22 20 4 3 0 2 4 1 2 1 0 0 0
Black turban shell 42 20 8 3 7 7 4 1 1 4 1 1 0 1
Nootka cap limpet 42 22 36 4 5 4 2 2 0 2 3 4 0 0
Stationary gooseneck barnacle 43 15 19 2 6 0 1 3 2 4 2 2 0 0
Dogwinkle 45 18 14 10 5 3 4 4 7 0 2 0 0 0
Flat periwinkle 47 10 11 28 7 2 5 2 0 1 2 3 0 0
Channeled dogwinkle 51 14 14 20 6 4 8 3 2 0 3 3 0 2
Tellin clam 59 27 54 2 9 4 3 4 3 1 1 2 0 0
Octopus 71 28 51 5 7 11 8 9 6 1 5 1 0 0
Bent-nose clam 87 33 26 22 7 5 18 6 4 4 2 1 0 1
Periwinkle 90 32 31 26 10 6 9 5 5 6 7 4 0 0
Finger limpet 116 32 86 9 21 13 19 6 11 6 7 0 0 0
Blue top shell 116 46 65 14 10 16 19 8 2 2 9 2 1 0
Pacific basket cockle 156 81 51 45 15 17 15 8 9 3 8 6 1 1
Rough keyhole limpet 161 74 60 23 17 12 20 7 9 9 11 3 0 1
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Taxa 100%)| Dionisio| McNichol| HuuZii| 10% RT 1| 10% RT 2| 10% RT 3| 5% Syst.| 5% RT 1| 5% RT 2| 5% RT 3| 1% RT 1| 1% RT 2| 1% RT 3
Flat hoof shell 175 52 67 22 26 15 12 5 11 9 8 3 0 4
Weathervane scallop 201 102 98 27 19 16 19 12 3 15 4 9 1 0
Purple olive shell 304 145 178 17 36 28 31 11 21 16 25 3 0 2
Pacific spear scallop 308 106 125 50 47 40 19 15 10 11 10 1 8 6
Purple hinged rock scallop 334 130 132 86 41 26 53 16 20 14 28 6 1 4
Checkered periwinkle 356 164 120( 112 53 25 52 14 14 15 23 16 1 1
Red turban shell (opercula) 366 177 138 29 31 37 47 20 35 29 17 5 2 4
Bodega clam 466 143 186 68 52 27 68 24 20 6 27 7 1 5
White sand clam 595 246 224 75 62 54 68 43 36 34 28 10 2 7
Red rock crab 852 284 522 117 133 76 109 38 52 30 58 1 0 15
Northern Abalone 888 369 486 133 116 71 108 42 70 45 70 5 5 9
Scappelum columbiaum 1005 409 239 272 104 123 105 55 58 40 62 27 0 42
Polluted macoma 1055 422 429 64 125 99 102 57 31 57 78 9 1 12
Wrobleski's wentletrap 1577 550 748 224 207 188 152 84 87 63 64 8 12 9
Pacific razor clam 1692 767 808| 112 183 143 168 99 62 87 97 25 2 31
Horse clam 3040 1369 1765 211 317 268 348 183 171 177 190 37 2 46
Hinds scallop 3048 1368 1765 247 398 283 403 193 354 206 202 11 0 24
Bittersweet / Ark shell 3385 1387 2640 462 511 290 428 207 261 56 274 35 3 32
Hooked slipped shell 3491 1420 1319| 452 443 305 426 160 160 173 209 73 4 28
Channeled dog whelk 3818 1623 2394 460 528 293 580 252 361 136 280 32 2 23
Icelandic scallop 5158 2336 2644 706 492 573 683 260 274 296 307 80 23 51
White slipper shell 9667 4012 6131| 1235 1278 868 1204 580 779 344 676 109 9 93
Dentalia 11097 4514 4644| 1703 1343 980 1206 537 574 571 534 213 80 87
Oregon triton 12601 5725 5069 1885 1580 1117 1543 629 655 537 752 308 23 115
Rock oyster 29641 12722 12658| 5545 3561 2905 3660 1367 1290 1464 1788 708 75 217
Horse clam 39290 16553 17267| 5110 4736 3568 4672 2017 2673 1779 2055 384 184 410
Totals 135903| 57680 63468| 19695 16604 12549 16432 7005 8158 6278 7950 2161 446 1285
House 5

House 5 Mammal Samples
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Taxa 100% | Dionisio | McNichol | HuuZii | 10% RT1 | 10% RT 2 | 10% RT3 | 5% Syst. | 5% RT1 | 5% RT2 | 5% RT3 | 1% RT1 | 1% RT2 | 1% RT3
Northern fur seal 2091 1008 457 246 219 177 244 109 89 112 111 8 31 21
Sea lion 55 29 10 5 8 4 6 4 2 0 1 0 0 1
Sea otter 38 21 18 6 3 5 6 2 2 2 1 0 1 0
Harbour seal 26 17 2 2 7 5 2 3 2 2 2 0 1 0
Porpoise 25 13 3 3 3 3 3 2 1 4 3 0 0 0
Mule deer 21 12 3 1 2 1 8 0 1 4 2 0 0 0
Dog 12 4 3 3 0 0 2 1 0 0 0 0 0 0
Humpback whale 6 4 1 4 0 2 2 0 0 3 0 0 0 0
Whale 6 1 1 0 0 0 1 0 0 1 0 0 0 0
River otter 2 2 0 0 0 0 0 0 1 0 0 0 0 0
Elk 2 0 2 0 0 0 0 0 0 0 0 0 0
Black bear 1 1 0 0 0 0 0 0 0 0 0 0 0 0
Gray whale 1 0 0 0 0 0 0 0 0 0 0 0 0 0
Totals 2287 1112 500 270 242 197 274 121 98 128 120 8 33 22

House 5 Shellfish Samples

Taxa 100% |Dionisio |[McNichol [Huu7ii |[10% RT 1 |10% RT 2 |10% RT 3 [5% Syst. [5% RT1 |[5% RT2 [5% RT3 [1% RT1 |1% RT2 [1% RT3

Sitka periwinkle 4076 |1950 1456 202 514 278 301 319 157 206 288 12 94 50

California mussel 2368 (1129 902 213 287 200 176 157 153 158 177 25 30 23

Mussel 2140 (774 1370 304 368 273 218 155 127 61 192 6 9 21

Butter clam 575 202 363 70 96 62 52 31 35 8 49 2 7 6

Littleneck clam 501 |235 160 37 56 23 24 42 18 27 30 3 11 2

Mossy chiton 327 |154 142 24 64 41 12 30 14 14 30 1 6 6

Blue mussel 306 |185 88 32 26 18 24 31 10 22 25 0 3 1

Black leather chiton 170 72 62 6 16 6 12 10 7 13 12 2 2 1

Ridge limpet 124 72 43 15 9 6 10 14 6 11 26 0 0 1

Dire whelk 87 45 34 2 6 9 9 3 2 12 0 6 1

Urchin 87 57 12 2 4 3 6 6 1 3 8 0 2 0

Plate limpet 85 41 29 13 8 1 5 4 7 15 0 0 0

Giant chiton 85 52 55 0 12 9 15 3 3 2 5 0 1 3

Mask limpet 68 14 22 12 6 2 4 2 4 0 0 1

Frilled dogwinkle 56 29 21 3 4 1 7 5 4 0 0 0
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Taxa 100% (Dionisio [McNichol |Huu7ii {10% RT 1 |10% RT 2 [10% RT 3 |5% Syst. [5% RT1 [5% RT2 [5% RT3 |1% RT1 |1% RT2 |1% RT3
Woody Chiton 53 26 29 0 5 7 6 2 3 1 3 0 0 0
Northern chink shell 51 32 11 6 6 4 4 7 1 2 5 1 0 0
Octopus 48 20 10 7 5 12 4 1 1 1 0 1 0 1
Emarginate dogwinkle 46 32 20 7 8 1 4 5 3 5 4 0 0 0
Nootka cap limpet 38 25 17 7 0 0 1 3 5 1 5 0 0 0
Barnacle 38 18 15 3 6 3 7 6 3 3 3 0 0 2
Chitons 34 18 9 0 5 1 2 2 0 1 2 0 1 1
Venus clams 26 15 10 2 3 2 3 3 1 0 2 0 3 0
Clam 23 10 4 3 2 3 5 0 0 1 0 1 0 0
Limpet 20 12 10 2 3 2 1 0 2 1 0 0 0 1
Horse mussel 13 3 10 3 2 3 1 0 2 0 3 0 0 0
Rough keyhole limpet 11 4 5 3 2 2 1 0 1 0 1 0 2 1
Dogwinkle 11 5 6 0 1 0 0 1 0 0 0 0 0 0
Green sea urchin 10 4 1 1 0 0 1 1 0 0 0 0 1 0
File dogwinkle 9 3 1 0 0 1 2 1 0 0 1 0 0 0
Red turban shell (opercula) 8 5 2 1 0 0 1 0 1 0 0 0 0 0
Flat periwinkle 6 3 0 0 0 0 0 2 0 0 0 0 1 0
Weathervane scallop 4 3 1 2 1 1 0 0 0 0 0 0 0 0
Northern abalone 3 2 1 0 1 0 0 0 0 0 0 0 1 0
Macoma clam 3 1 2 0 1 0 0 0 1 0 0 0 0 0
Rock oyster 3 2 2 0 0 1 1 0 1 0 0 0 0 0
Pacific basket cockle 2 1 0 1 0 0 0 0 0 0 0 0 0 0
Wrobleski's wentletrap 2 0 1 0 0 0 1 0 0 0 0 0 0 0
Channeled dogwinkle 2 0 1 0 1 2 0 0 0 1 0 0 0 0
Bent-nose clam 1 1 1 0 0 0 0 0 0 0 0 0 0 0
Horse mussel 1 1 0 0 0 0 0 0 0 0 1 0 0 0
Totals 11521 B257 4928 P71 1533 088 P08 857 70 59 906 54 180 122




