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ABSTRACT
Supervisor: Professor Richard Shutler, Jr.

This thesis comprises a dermatoglyphlc study of four lingul-
stic samples from indigenous Northwest Coast populations. A purpose of
the study was to contribute to an understanding of the dermatoglyphic
(blological) relationships that exist between each sample. A further
purpose was to examine the usefulness of linguistic classification as
operational units for blological investigation.

A total of 323 individual sets of prints have been analyzed;
174 from the collection of prints belonging to the Department of
Pediatrics, University of British Columbia, and 149 ohtained at the
Anaham Reserve in central British Columbia during the month of October,
1969, The collection was assembled to form four linguistic samples of
the following sizes: Nootka 7/, Kwakiutl 65, Tsimshian 35, and
Athapaskan 149.

The analysis of finger, palmar, and plantar dermatoglyphic
data by both quantitative and qualitative measures showed that, in
general, for males and females, the Nootka were most divergent from
the XKwakiutl and Tsimshian samples while the Athapaskan sample was
almost consistently intermedizte between these two extremes. Further,
the results clearly indicate that linguistic samples are only of

limited use &s operational units in physical anthropologicel studies.

Examiners:
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CHAPTER I
THE PROBLEM AND THE DERMATOGLYPHIC METHOD

The Problem

At the time of contact, the geographical area that is now
British Columbia was not characterized by a heavy concentration of
people but it has been estimated by Duff (1964:8) that approximately
one-third of Canada's native population lived in this area. These
people exhibited a high degree of linguistic diversity (twenty-four
languages representing seven of the eleven language families in
Canada: Duff 1964:8) and, for those populations occupying the
relatively few areas along the rugged shoreline suitable for year-
round habitation, a number of fundamental cultural patterns that, in
combination, make it possible to distinguish the Northwest Coast or
any other.cultufe area from surrounding culture areas. In turn, it
is possible to sub-divide this larger Northwest Coast unit into
smaller regional divisions or cultural provinces on the basis of a
"detailed plotting of the distributions of the various local special-
izations" (Drucker 1965:112). However, none of these units is com-
pletely uniform and all are characterized by indistinct boundaries.
Drucker (1965:111-113) has also suggested that "the historic Indian
population consisted of several distinet physical types" and that these
are ccrrelated with linguistic divisions and cultural provinces. Duff

(1964:12) similarly states:



On an ethnological map which attempts to reduce the ‘

complexity of Indian groupings to a workable number of

descriptive units, the major ethnic groups can theoretic-

ally be drawn on the basis of physical type, culture, or

language.
Of these three, the linguistic criterion (primarily as a result of its
higher discriminatory power) is the most widely used for the purpose
of classification. Language, in many cases, can be used to differ-
entiate between populations that otherwise exhibit a high degree
of similarity, both culturally and biologically. As such, the criterion
of language must be treated independently until such time as sufficient
evidence has accumulated for each of the other criteria so as to facili-
tate comparative analysis. There is a need to examine in depth the
interrelationships, if any, that exist between the various linguistiec,
cultural, and biological groupings within limited geographical areas on
the basis of as many factors as possible. This thesis is an attempt to
contribute to the understanding of the biological relationships that
exist among four native linguistic groupings in British Columbia on the
basis of dermatoglyphic data.

The classification of Indian groups used in this study
follows that outlined in Duff (1964:15). Of the ten major ethnic
divisions that comprise this classification, four are of concern here.
Table 1 presents the four major ethnic divisions and subsequent
language and dialect subdivisions. This broad, primarily linguistic
classification (factors such as the occupation of a continuous ter-
ritory and cultural similarities have also been taken into account) is,
like most classificatory systems, somewhat arbitrary and, to some
extent, inconsistent, i.e., the groups are not linguistically eéuiva—

lent in all respects (Duff 1964:12, 15). The geographical location of



TABLE I: Linguistic Subdivisions of the Four Major Ethnic Groups

Sampled
Ethnic Divisions Language Dialect
Tsimshian Tsimshian Tsimshian
Gitksan
Niska
Kwakiutl Kwakiutl Haisla
Heiltsuk
Southern Kwakiutl
Nootka Nootka Northern Nootka
Southern Nootka
Athapaskan Chilcotin
Carrier
Sekani
Tahltan
Kaska
Slave
Beaver

each of the four ethnic divisions sampled, as well as language and
dialect subdivisions, are presented in Map 1. This system, never-
theless, does provide the investigator with descriptive units with
which to work., It should also be noted that none of these groups were
"functioning social or political units, although their members usually
recognized that they all shared the same language, culture, and
territory" (Duff 1964:15). For a more detailed discussion of some
of the problems involved in attempting to define smaller (less gross)
or more refined units for analysis, see~Duff (1964:16, 17).

Physical Anthropology in British Columbia is distinguished

by the fact that so far as contemporary research with pcpulation



genetics models, it is minimal. Drucker (1965:111) states: "The data
on anthropometry of the North Pacific Coast leave much to‘be desired."
Similar statements could well be made for other methods of analysis
within the discipline. The data on anthropometry of Northwest Coast
populations dates back to the early work of Franz Boas in the late
1880's and early 1890's. The only anthropometric data collected since
that time has been done very recently (1968 on) by Drs. Melvin Lee,
Braxton Alfred, John Birkbeck and colleagues of the University of
British Columbia. As yet these data have not been published. Con-
cerning interior populations of British Columbia, Grant (1936) published
a small monograph on the anthropometry of the Beaver, Sekani, and
Carrier Indians. Blood group studies of native populations have been
both limited and sporadic. Gates and Darby (1934) and Ride (1935)
were the first to contribute and work since then has been done by
Hulse (1955, 1957), Allen (1959), Thomas, Stuckey, Robinson, Goffon,
Anderson and Bell (1964) and Alfred, Stout, Birkbeck, Lee, and
Petrakis (1969, 1970). Studies involving the analysis of skeletal
material have also been very sporadic: Dorsey (1897a, 1897b),
Robinson (1935), Leechman (1944), and recent unpublished work by
Jerome Cybulski, University of California, Santa Barbara and Michael
Finnegan of the University of Colorado. Much, if not all of the
earlier work in all fields (up to 1950 or so) is of little use to
contemporary researchers as a result of the development of more
stringent methodological requirements; requirements that are simply
not met by the earlier works. With respect to dermatoglyphic
analysis, no research other than this thesis has been done in this

area although studies have been conducted among the Eskimo tc the



et s
q ———
e L [ Y ——

, ¥--. e '—".WE. '
v J TLINGIT \ EASKA \
l/'j . J SLAVE i
70N
”~
»7 \\ \
|
SEKANT f” \
1 :
! )
iBEAVER :
‘**\ \ 1
. N :
~ \

W, —— e
HATD als - L
"‘-s\ g
Q ELLA N
Heiltsuk \COOLA
TL’ L o

KWAKIU

ll

Southern waklutl

SALISH

'._,.---l

Map 1.

Geographical location of the four ethnic divisions sampled
including language and dialect subdivisions.

(After Duff 1964:14)




north (Jenness 1923, Midlo and Cummins 1931, Abel 1934, Cummins 1935,
Cummins and Hansen 1946, Auer 1950, Popham 1953, and Meier 1966) and
Comanches (Cummins and Goldstein 1932), Navahos (Spuhler 1950), and

Seminoles (Rife 1968) to the south (see also Cummins 1941)."



The Dermatoglyphic Method

The term "Dermatoglyphics" (derma, meaning SKIN plus glyphg,
meaning CARVE) was first proposed by H. Cummins and C. Midlo (1926) as
a collective name for the study of integumentary and anatomical
features of the fingers, toes, palms, and soles. The peculiar pat-
ternings of the skin in these areas (commonly referred to as "friction
skin") have long been recognized but their scientific value or at
least the recognition of such is of much shorter duration. In this
respect Sir Francis Galton and H. H. Wilder stand out as the two
most prominent of the early proponents of dermatoglyphic research in
terms of scientific value. Galton was primarily concerned with
morphology, classification, inheritance and racial variation; Wilder
with morphology, the methodology of plantar and palmar dermatoglyphics,
inheritance and racial differences. A detailed account of the history
of dermatoglyphics, scientific and otherwise, is provided in Cummins
and Midlo (1961).

- Any trait (such as those in dermatoglyphics) used in a
biological study of human populations for classificatory purposes
should meet éeveral requirements:

(a) The criteria must be sufficiently objective so that
individuals will be classified identically by different investigators.
Dermatoglyphic methodology has progressed to the point where this
requirement is satisfactorily met and, consequently, the terminology
used which undoubtedly reflects the degree of objectivity attained
has also become highly standardized. There is, however, a continuing
need for further refinement and clarification of specific terms.

Penrose (1968) provides a current account of approved terms and



alternatives as well as an outline of accepted methods in derméto-
glyphic analysis; Cummins and Midlo (1961) also provide a detailed
discussion of both nomenclature and methods.

(b) The traits used must not be subject to extensive envir-
onmental modification., This requirement is fully met as dermatoglyphic
features are fixed during the third month of foetal life and do not
undergo any post-natal modification.

(e) 1Ideally, a criterion chosen for analysis should be one
that is controlled by a simple and known genetic process. Dermato-
glyphic features are controlled or regulated by a complex and incom-
pletely understood genetic mechanism but the traits are highly herit-
able (Holt 1968).

(d) To eliminate the effects of natural selection, the
traits chosen should be non-adaptive. It is highly improbable that
any selective value exists between two pattern types or between a
pattern and a patternless configuration although the possibility does
exist that there may be genetic linkage with other traits that do have
some selective value., Chai (1967:183, 184) in his summary discussion
of bimanual and sexual differences clearly states that "As most
people are right-handed, the greater frequencies of whorl and radial
loops and more transversal of the main line alignments in right hands
are a consequence of evolution." The resultant effect of this on the
ultimate performance of the individual is, as he suggests, difficult
to visualize. Additional information from other areas is most certainly
required before this statement can be considered anything but tentative.
Nevertheless, it is known that dermatoglyphic features are not corre-

lated with either standard anthropometric measures or blood group



systems.

(e) The criterion should not be subject to a high rate of
mutation. Although actual mutation rates have not yet been documented,
the high heritability of dermatoglyphic features indicates that this
criterion is at least satisfactorily met.

In summary, dermatoglyphic analysis does have a real
potential for classification in human populations. This potential is
perhaps best viewed in a comparison of dermatoglyphics with other
methods of analysis currently in use. Anthropometric characteristics,
like dermatoglyphic ones, have a polygenic basis but the phenotypic
expression of anthropometric traits is in part nongenic. As
previously noted, this is not true of dermatoglyphic traits. Environ-
mental modification tends to mask biological differences and hence
interferes with the exprescion of genetic differences. Further, in
comparison with monogenic traits, polygenic traits have certain
advantages in classificatory studies. As Birdsell (1952:358) points
out:

It is becoming clear that genetically simple char-

acters,- such as are now the only materials available for

use in human population genetics, and which are most

useful for studying certain evolutionary processes, may

on the other hand give biased and blurred impressions of

population relaticnships distant in time and space. For

the latter type of analysis, genetically complex traits

may serve better even though they offer little hope of

detailed genetic definition.
Until quite recently, it was believed that the monogenic traits of the
various blood group systems were immune to natural selection, and if
their frequencies changed at all, it was an extremely slow process.

In an excellent paper reviewing certain basic theorems of population

genetics, Brues (1969:293) states:
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This comfortable hypothesis (that A - B - 0 blood

group genes were neutral in respect to the survival of

their bearers) became untenable in 1947, when Waterhouse

and Hoghen clearly demonstrated that there were maternal-

fetal incompatibility reactions involving the A - B - 0

blood group system . . . . Numerous later investigations

have confirmed this finding. This discovery might at

first glance appear to be only & minor exception to the

theory that the blood groups were immune to natural selec-

tion. However, it immediately necessitated recasting our

entire concept of the manner in which blood group gene

frequencies are maintained at relatively stable levels.
Newman (1960:55), citing various blood group studies carried out in
Middle America, states that:

. » « analysis of single gene traits exemplified bty the

blood group systems may too strongly reflect any recent

gene frequency alterations to discern older and more

basic biological relationships . . . .
Further, Newman (1960:56) suggests that this might not be as pronounced
for dermatoglyphics as it is for blood groups, claiming that "There 1s
no internal evidence whatsoever of Furopean admixture in the dermato-
glyphic configurations." He suggests, in fact, that on two counts
(1. hypothenar and thenar/first interdigital patterns and 2. mainline
indices) there is strong "evidence that European admixture has had no
appreciable effect" (1960:56). This suggestion, however, must simply
remain as just another possible advantage of dermatoglyphics with
respect to monogenic traits. At present, it must not be accepted as a
positive advantage as it has yet to be precisely documented. Similarly,
and previously noted, judgment ccncerning the effects of natural selec-
tion on dermatoglyphic features must also be reserved until further
evidence can be brought to bear on the subject. It is clear that the
dermatoglyphic method, in relation to other methods of analyses

currently in use, does offer the investigator certain potentialities,

particularly in the area of classification of human populations.



CHAPTER II
THE COLLECTION, COMPOSITION AND LINGUISTIC RELATIONSHIPS

OF THE FOUR SAMPLES

Collection and Composition

The individual prints that make up the four samples used in
this study (Nootka, Kwakiutl, Tsimshian, and Athapaskan) have been de-
rived from a larger collection of prints obtained by members of the
Department of Pediatries, University of British Columbia. I was person-
ally involved only in the collection of prints from the Anaham Reserve,
the majority of which constitute the Athapaskan sample. .AB the purpose
of thelr research was to establish a reliable control sample for a large
heterogeneous Indian population and thus differed from mine, the same
data could be used for both purposes, However, in order to use these
data in this study, more information about each of the individuals
printed was required than that for the control sample study. The major
problem encountered in this respect concerned the lack of classificatory
information for all individuals printed. The collection of prints was
simply designated as "Indlan"; sufficient for their purpose. It was
necessary to sort and assign the individuals whose prints make up this
collection, first by band affiliation, second by language group, and
finally by major ethnic division. The first task was accomplished by
tracing individuals by means of the various Indian Agency Band Lists,
Any individual that could not be located was excluded. Once the indi-

viduals had been assigned to various bands, the next step was to
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assemble these bands into language groupings and, finally, these
language groupings into major ethnic divisions., A total of 323 indi-
viduals, comprising 1292 separate prints (four per individual), have
been analyzed. A complete listing of the number of individuals by
band, language group and ethnic division is presented in Table II.

All "Indian" prints obtained by members of the Department'
of Pediatries, University of British Columbia, with the exception of
the Anaham study, were collected on the basis of one individual per
nuclear family, as given in the Indian Agency Band Lists. These prints,
comprising the Nootka, Kwakiutl, and Tsimshian samples, were obtained
on field trips to various residential schools in the province such as
Tofino, Alert Bay, Le Jac, and Port Alberni. The three above samples,
therefore, are composed solely of school children between the ages six
and sixteen.

The dermatoglyphic material that was obtained on the Anaham
project and which eventually became the Athapaskan sample was collected
in a scmewhat different manner, primarily as a result of its inclusion
as & part of another project being conducted by Dr. Melvin Lee,
Directpr of the School of Home Economics, University of British
Columbia. Instead of selecting individuals to be printed on the basis
of one per nuclear family in the field, as was previously done, it was
simply more convenient to print all individuals as they progressed
through our station in the study and leave the final selection of
prints until after the fieldwork was completed. A total of 265 indi-
viduals were printed and, of these, 149 were selected for analysis as
a result of the one individual per nuclear family requirement. The

majority of these selected prints are of school children between the
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TABLE II: Listing of Individuals by Band, Language Group, end Ethnic

Division
Ethnic Language Dialect and Present
Division Group Regional Groups Band Name
Nootka (74) Nootka (74) Northern Nootka (18) Kyuquot (5)

Ehattesaht (2)
Nuchatlaht (6)
Nootka (5)
Central Nootka (47) Hesquiaht (16)
Ahousaht (19)
Uchucklesaht (4)
Opetchesaht (2)
; Ohiet (6)
Southern Nootka (9) Nitinat (9)

Kwakiutl (65) Kwakiutl (65) Heiltsuk (Northern Bella Bella (26)

Kwakiutl along with Oweekano (9)

Haisla) (35)

?ou?hern Kwakiutl Gilford Island (4)

30 '

Tsawataineuk (5)
Mamalillikulla (10)
Turnour Island (5)
Kwawkewlth (3)
Campbell River (3)

Tsimshian (35) Tsimshian (35) Tsimshian (7) Kitkatla (2)
Port Simpson (5)
Gitksan (22) Kitwanga (3)
Kitwancool (1)
Hazelton (8)
Kispiox (8)
Glen Vowell (2)
Niska (6) Kincolith (6)

Athapaskan (149) Chilcotin (68) Chilcotin (68) Anaham (64)
Alexis Creek (1)
Nemiah Valley (3)
Carrier (67) VUpper Carrier (64) Stoney Creek (5)
Cheslatta (3)
Necoslie (3)
Stuart-Trembleur
Lake (32)
Fraser Lake (2)
Stellaquo (11)
Takla Lake (8)
Babines (3) Lake Babine (3)
Sekani (14) Sasuchan (5) Finlay River (5)
Yutuwichan (9) McLeod Lake (9)




14

ages of slx to sixteen. 1In cases where the selection involved a
cholce between two or more 8lblings, a number of factors were con-
sidered: (1) age—-birth dat; closest to 1957 (approximately the
middle of the desired age-range), (2) sex--attempt to balance the sex
ratio within the sample where possible, and (3) clerity and complete-
ness of print--the criterion was used only in the case of extrenely
poor reproductions., A few prints have been included in the sample
that do not fall within the six to sixteen age-range. However, in
these cases care was exercised to ensure that no direct descendants or
siblings had previously been included., This was difficult to determine
beyond the level of the nuelear family as genealogies were not col-
lected and Indian Agency Band Lists do not specify consanguinity. Con-
sequently, I relled exclusively upon the nuclear family arfangements
glven in the 1968 Band Lists that listed offspring in the six to six-
teen age-range. |

The composition of the four samples used in this study are
presented in Tables III and IV. Referring to Table III, the Central
Nootka of the Nootka sample are found to be highly represented (63.5%)
and the Gitksan (62.9%) highly represented in the Tsimshian sample.
The Heiltsuk (53.8%) and Southern Kwakiutl (46.2%) of the Kwakiutl
sample and the Chilcotin (45.6%) and Carrier (45.0%) of the Athapaskan
sample are of approximately equal representation. The Haislg,
_ northernmost of the Kwakiutl speakers, are not represented in the
Kwakiutl sampie. The total composition of the four major ethnie
divisions sampled are presented in Table IV. In'terms of the total
number of individuals printed (Table'IV), the Athapaskans comprise

almost half (46.2%) while the Tsimshian constitute only 10.8%. The
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TABLE III: Composition of the Linguistic and Regional Groups Sampled
in Each of the Four Major Ethnic Divisions
. Total No. '
Dialect and Percentage of Families Percentage
Ethnic Language Regional of Ethnie in Bands of Families
Division Groups Groups Division Sampled Sampled
Nootka Nootka Northern 24.3 90 20.0
. Central 63.5 195 24.1
Southern 12.2 32 28.1
Kwakiutl Kwakiutl Heiltsuk 53.8 181 19.3
Southern 46,2 197 15.2
Tsimshian Tsimshian Coast Tsimshian 20.0 257 2.7
Gitksan 62.9 249 8.8
Niska 17.1 109 5.5
Athapaskan Chilcotin 46.6 169 40.2
Carrier 45.0 286 R3.4
Sekani 9.4 186 7.5

TABLE IV.: Total Composition of the Four Major Ethnic Divisions
Sampled
Total No,

: of Families Percentage
Ethnic Percentage in Bands of Families
Division Male Female Total of Total Sampled Sampled
Nootka 42 32 Th 2.9 317 23.3
Kwakiutl 40 25 65 20.1 378 17.2
Tsimshian 20 15 35 10,8 615 5.7
Athapaskan _81 _68 149 46.2 641 23.2
Totals 183 140 323 100.0
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percentage of familles sampled in each of the bands represented in this
study is highest among the Nootka (23.3%) and Athapaskan (24.2%)
samples and lowest among the Tsimshian (5.7%). The percentage recorded
for the Kwakiutl is also relatively high (17.2%). The total number of
families for each of the ethnic divisions sampled was calculated by
totaling the number of nuclear family units listed in the 1968 Indian
Agency Band Lists for each of the Indian bands represented in this
study. To obtain the percentage of families sampled, the total number
of individuals in each of the four ethnic divisions was divided by the

total number of families in each of the bands sampled.
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Linguistic Relationships éf the Four Samples
General linguistic relationships of the feur major ethnic
divisions sampled are discussed both by Duff (1964:15) and Drucker
(1965:103—109). The terminology, system of classification, etc.; of
various Indian terms follows that of Duff (1964). A number of points
concerning the linguistic classification should be made explicitly
clear, The terms Tsimshian, Kwakiutl, and Nootka denote both language
and major ethnic division while the term Athapaskan refers only to
ethnic division, Under the heading Athapaskan, there are nine
languages 1lsted by Duff (1964:15), two of which are now extinct
(Tsetsault and Nicola). Three of these language divisions are of
coﬁcern in this study: Chilcotin, Carrier, and Sekani, none of which
can apparently be divided into dialects. The Tsimshian and Kwakiutl
languages, hoﬁever, can both be further divided into three dialects:
Tsimshian: Coast Tsimshian, Gitksan, and Niska; and Kwakiutl: Haisla
(not represented in this study), Heiltsuk, and Southern Kwakiutl.
Speakers of the Nootka language can also be differentiated on the basis
of dialect: Northern and Southern Nootka. According to Duff (1964:15}),
these linguisfic groupings are both "somewhat arbitrary and inconsist-
ent” but, nevertheless, do provide the lnvestigator with useful de-
seriptive units, Duff (1964:15) further states:
Nor were these groups funcfioning social -or political
units, although their members usually recognized that they
all shared the same language, culture, and territory.
" More to the point is a statement by Hulse (1955:99, 100):
For anycne with soelal pretensions, marriage ocutside
of one's village has been preferred among Northwest Coast
Indians, and we find that it was in fact very common. Not

a single one of the settlements, reservations, or even
linrguistic groups forms a breeding isolate, or anything
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like it: perhaps outbreeding has been even more prevalent

in recent times, as travel has become easier, but it is

traditional in any case.
It i1s clear that these groupings can only be used as descriptive units,
not blological populations, The four samples that comprise‘this thesié
then are samples of both ethnic and linguistic groupings in British
Columbia. The geographical locations of each of the groupings are |
presented in Map 1.

As stated previously in Chapter I, one concern of this thesis
is to examine the interrelationship between linguistic and biological
realms of four native groupings in British Columbia. As such, various
cultural factors other than language are of limited importance.
Similarly, the biological realm is represented solely by dermatoglyphic
data and therefore any extrapolation of the results of this study
beyond these inherent limitations must be viewed as extremely tentative.
Undoubtedly, the need to understand the operation of a number of factors
simultaneously within a definable population area rather than simply
one or two is indeed very great. The development of a suitable method
capable of performing such a task is discussed by Howells (1966).

The linguistic distributions of the native populations of
British Columbia have varied both temporally and spatially since the
time of arrival of the first inhabitants. Major shifts in linguistic
boundaries undoubtedly took place during much of the prehistoric
period but these changes will remain largely undocumented except
for some indirect evidence supplied by further and much needed archae-
ological investigation. However, there is, according to Drucker
(1965:105), some "evidence of minor changes in linguistic boundaries

in late prehistoric times." A brief summary of a number of minor
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changes in 1inguistic boundaries that occurred on the Northwest Coast
during late prehistoric and early historic times can be found in
Drucker (1965:103-108).

The Athapaskan speakers of British Columbia, represented by
seven language divisions, occupy a sizeable portion of the province
(see Map 1). Along with the speakers of Tlingit and Haida of the
Northwest Coast and the Eyak of Southeastern Alaska, they combine to
form the Na Déné lingulstic stock. The second major linguistic group-
ing is the Tsimshian, a member of the Macro-Penutian linguistic stock,
with its three dialects: Niska, Coast Tsimshian, and Gitksan. The
Niska have traditionally occupied the area adjacent to the Nass River;
the Coast Tsimshian, the outer coast area at the mouths of the Nass
and Skeena Rivers as well as the lower reaches of the Skeenaj; and the
Gitksan, the upper reaches (above the canyon) of the Skeena (Drucker
1965:105). In late prehistoric and early historic times, according to
Drucker (1965:105, 106) there appears to have been a considerable
movement of various populations:

The Niska division was augmented, apparently in late

prehistoric times, by a Tlingit group forced from their
northern home by population pressure, who were given tracts
on the lower Nass, and who soon became Niska in speech and
custom. In the early historic period, this same group
became the chief aggressors in a campaign with other
Tlingit--and Tsimshian--speaking units against some
Tahltan bands who spoke Athapascan, When they captured
and enslaved the last survivors of the Tahltan bands, they
also .claimed their victims' Jands along the western shores
of Portland Canal, thus extending the boundaries of their
newly acquired Niska speech. South of the Skeena, a Coast
Tsimshian division, the Kitisu, waged a bitter war against

their neighbors to the south, but the extent of their
gains has not been recorded,

According to both Tlingit and Tsimshian traditieons,
ancient linguistic distributions were quite different:
Tlingit-speaking groups held the lower Skeena and the
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adjacent coasts, and were pushed out by the ancestors of

the Coast Tsimshian, who presumably split off from thelr

Gitksan relatives upstream long ago. In defeat the .

Tlingit retired northward to the panhandle region, which,

traditions indicate, these early Tlingit found unoccupied.
Each of these two major linguistic divisions are represented by the
Athapaskan and Tsimshian samples, respectively. The two remaining
samples, Nootka and Kwakiutl, belong to the same major linguistic di-~
vision, namely, Wakashan. Wakashan is one of six major divisions of
the Macro-Algonkian major linguistic stoek. Of the three dlalects of
Kwekiutl, only the Heiltsuk and Southern Kwakiutl varieties are repre—
sented in this study. The third dialecf, Haisla, is referred to by
Drucker (1965:104) as Northern Heiltsuk stating that the "differentia-
tion of Haisla from Heiltsuk is more properly cultural than linguistic"
(1965:106) . Heiltsuk speakers occupied territory in the vicinity of
Milbanke Sound, Rivers Inlet and Wikeno Lake, Speakers of Southern
Kwakiutl ranged from Smith Sound to the viecinity of Surge Narrows on
the mainland side as well as the northern tip of Vancouver Island from
Cape Scott to Quatsino Sound and across to Seymour Narrows (Drucker
1965:106) . The Nootka of British Columbia occupy & vast area on the
west coast of Vancouver Island stretching from Cape Gook in the north
to the shore of Juan de Fuea Strait in the south. According to Drucker
(1965:107), Nootka "has long been recognized as related to Kwakiutl,
the two forming the Wakashan stock,"

In general terms, the four samples analyzed in this study
represent four of the ten major ethnie divisions outlined by Duff
(1964:15) for the Indian population of British Columbia, None of the
samples, in relation to the others, are equally representative.of their

respective ethnic divisions. Further, not all bands listed under a
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gpecific ethnic divislon have been sampled, The composition of each
of the samples 1s clearly defined in Tables II; ITI and IV. The
lingulstic relationships in terms of classification can be deseribed
as follows: three maior linguistic stocks are represented 5y the
four samples: Na Dénd (Athapaskan), Macro-Penutian (Tsimshian), and
Macro-Algonkian (Nootka and Kwalkiutl). Only the Nootka and Kwakiuti
samples are linguistically related--both are grouped under the
Wakashan linguistic division of the major Macro-Algonkian linguistie
stock, The remaining two samples are not linguistically related at
any classificatory level as each is a member of an entirely different
major linguistic stock, Whether or not, or more-specifically; the
degree to which the results of the following analysis of dermato-
glyphic data coincide'with the Linguistic model cutlined abové is of
primary concern. What are the interrelationships, if any, thét exist
between the above linguistic classification and one that results from

an analysis of genetically transmitted traits?



CHAPTER III
ANALYSIS OF DATA AND DISCUSSION

Technical Aspects

All prints analyzed in this study were collected by means of
Faurot Inkless materials, For details of the inkless technique the
reader is referred to Walker (1957). The procedure consists of apply-
ing a special chemical fluid (re-sensitizing fluid) to the friction skin
surface in moderate quantity by means of a soft cloth pad. The surface
is then pressed to a sheet of sensitized paper, producing instantly a
very clear black and white reproduction of the ridge and furrow systems.
Initially, some practice is necessary in order to determine the right
amount of fluid to use and pressure to apply to consistently ensure
maximum results. It is equally important to make sure that all peri-
pheral regions‘of the various configurational areas have been adequately
supplied with fluid so that a complete print is possible. For example,
some digital triradil are located at the side of a pattern and could
possibly remain unprinted if care is not taken to ensure their repro-
duction. Similarly, patterns that occur in the hypothenar area of the
palm often extend beyond the flattened palmar surface and again care
must be taken if a complete print is to be obtained. It is essential
that each digit be rolled once to ensure complete printing and usually
digit I (thumb) must be reprinted separately as it is difficult to roll
with the subject's hand in a normal printing position. Finally, the

investigator should systematically check each print for clarity,
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completeness, etc., while the subject 1s still available in caée any
.reprinting is desired.

The analysis of data by computer was done at the Computing
Center, University of Victorlia. The machine used for the major computa-
tions was an IBM 360, model 44. The following three programs from the
BMD Bio-medical Computer Program series and developed by the Health
Services Computing Facility, UCLA wers used in this study:

1. BMDO6D : Description of Strata

2. BMDOSD : Cross-Tabulation with Variable Stacking

3. BMDOLV : Analysis of Variance for One-Way Design
See Dixon (1967} for a detailed description of these three programs.

Before turning to the analysis of the data, I would like to
mention briefly some of the problems encountered as a resuit of the
nature of dermatoglyphic data. The fact that dermatoglyphic analysis,
at present, primarily involves the use of qualitative measures (pattern
types) precludes the use of multivariate techniques. The few quantita-
tive measures currently available in this dermatoglyphic analysis are
insufficient in nmumber to support multivariate analysis. There is a
need for the development of multivariate or similar techniques capable
of analyzing data that uses elther nominal or ordinal scales of measure-
ment. Another approach equally worthwhile would be to constructively
quantify, i.e., devise new measufés, a large enough-portion of derma-
. toglyphic data so that existing multivariate technlques might be used.
Using univariate analyses (student's statistic for the quantitative
measures and the chi-square statistic for qualitative measures) posed
the standard problem of interpreting each of the measures independently.

The reader is referred to Appendix II for an account of the
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method used in coding the dermatoglyphic data for computer application

- and to Appendix I for a definition of all technical terms used in the
body of this thesis.

The following section involving the analysis of dermatoglyphic
data is divided into three major subsections: (1) Finger Dermatoglyphics,

(2) Palmar Dermatoglyphics, and (3) Plantar Dermatoglyphics.
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Finger Dermatoglyphics

0f the varlous dermatoglyphic areas open to examin&tioﬁ,
fingerprints outnumber all others In terms of the amount of information
aveilable. Undoubtedly, one of the major underlylng reasons is their
widespread application in personal identification, Many anthropol-
ogical studies of dermatoglyphics are concerned principally with the
analysis of digital configurations, Both the relative ease with which
fingerprints can be obtained and their highly standardized format for
analysis, coupled with reliable scientific value. s are undoubtedly con-
tributing factors in terms of their popularity. See Cummins and Midlo
(1961.:56-83) for a comprehensive survey of finger dermatoglyphics.

In any analysis of finger dermatoglyphics, there are a number
of standard measures that are consistently used by most investigators,
including physical anthropologigts. A combination of quantitative and
qualitative measures is commonly used. The quantitative measure that
has received widespread application is ridge counting; the qualitative
measure of equél importence is pattern type (see Figure 1) and its three
associated indices: pattern intensity, arch/whorl, and whorl/loop.
Although there do exist other measures, they are‘of little importance
concerning the nature of the problem undertaken by this study. It is
these three measures that are of primary concern in the analysis of

finger dermatoglyphics.
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whorl loop
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tented arch arch

Figure 1. Digital pattern types.
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Ridge Counts-

Ridge counts on individual digits are obtained by counting the
number of ridges that intersect a straight line connecting the outer
triradius of a pattern with 1ts inner core., In the case of true whorls
and whorl deviates where there are two triradii present and, therefore,
further rules must be applied. For true whorls, it is the larger of
the two counts (from each triradius to the co;e) that is recofded by
the investigator. In whorl deviates the situation is a 1ittle more
complex, Besides having two triradii, this particular pattern also has
two cores; one associated with each triradius. To obtain a total ridge
count for this particular pattern type, the investigator must first
determine the larger of the two counts from each triradius to its re-
spective core. A count must then be made between the two cores and
divided by two; this count is then added to the larger of the two ini-
tial counts to yield a total count for the pattern 1tself. Ridge counts
for ulnar and radial loops are very straightforward in that there can
only be one triradius and one core per pattern, There can be no ridge
counts for tented arches or plain arches as these pattern types do not
contain a trifadius. In a1l counts made, neither the triradial point
nor the point of core are included in the count., Besides these general
rules for ridge counting there are also a number of specific rules, For
a thorough discussion of the many rules involved in ridge counting see
Cummins and Midlo (1961:74-76).

The total ridge count for each individual in each of the four
groups was obtained by adding the ridge counts obtained for each of the
ten digits, Similarly, totals for smaller groupings, i.e., left hand,

were obtained by adding the ridge counts of only those digits in the
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the desired category. Ridge count totals have been grouped according to
hand, separately as well as combined, and sex.

The distribution of total ridge counts (left and right hands
combined) for both males and females is shown graphically iﬁ Figures
2 and 3 (Nootka males and females respectively), 4 and 5 (Kwakiutl),
6 and 7 (Tsimshian), and 8 and 9 (Athapaskan). The range of variation
for both sexes in each of the four groups is as follows: Nootka males
(30 - 229), females (49 - 220); Kwakiutl males (75 - 232), females (87 -
289); Tsimshian males (81 - 240), females (16 - 207); Athapaskan males
(37 - 236), females (52 - 236).

" Intra-group Differences

Mean ridge count, variance, standard deviation and standard
error for left hands in both sexes of the four groups are presented in
Table V. The same data for right hands are presented in Table VI and
for right and left hands combined, in Table VII. In all three tables,
the male mean ridge counts for each of the four groups are consistently
larger than their female counterparts. This tendency, in part, reflects
a further tendency concerning the distribution of pattern types. As
noted in Cummins and Midlo (1961:272), " . . . female; almost univer-
sally differ from males in having more arches, and usually they differ
also in having fewer whorls." The distributional tendency of these two
specific pattern types in part explains the generally larger ridge
count among males, for whorls typically yield larger counts than most
other patterns while arches yield a zero ridge count. However, not all
of the differences in means between males and females of the same popu-
lation are statistically significant (see Table VIII). Although three

of the groups do exhibit significant differences (0.05 level) for left
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TABLE V: Mean Ridge Count; Variance, Standard Deviation, and Standard

Error oy Sex and Sample for Left Hands

Standard Standard
Sample Sex Frequency Mean Variance Deviation Error
Nootka M 42 78,1 663.6 - 25,8 4.0
F 32 67.6 495.5 22,2 3.9
Kuwakiutl M 40 83.4 615.7 24,.8 3.9
F 25 81.2 415.0 20.4 4ol
Tsimshian M 20 82.4 459.6 21.4 4.8
F 15 67.9 763.6 27.6 7.1
Athapasken M 81 78.0 438.7 20.9 2.3
F. 68 70.1 576.0 2.0 2.9




TABLE VI:
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Mean Ridge Count, Variance, Standard Deviation, and Standard
Error by Sex and Sample for Right Hands

Standard Standard

Sample Sex Frequency Mean Variance Deviation Error
Nootka M 42 76.7 618.1 2449 3.8
F 32 68.9 493.1 22.3 3.9

Kwakiutl M 40 81.4 543.2 23.3 3.7
F 25 77.8 438.4 20.9 La?

Tsimshian M 20 82.1 518.2 22.8 5.1
Athapaskan M 81 77.0 412.0 20.3 2.2
- F 68 72.8 LR4 W4 20.6 2.5
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TABLE VII: Mean Ridge Count, Variance, Standard Devlation, and Standard
Error by Sex and Sample for Left and Right Hands Combined

' Standard Standard
Sample Sex TFrequency Mean Variance Deviation Error
Nootka M 42 154.8 2415.3 49.1 7.6
F 32 136.5 1875.0 43.3 7.6
Kwakiutl M 40 164.8 R250.5 LT o4 7.5
F 25 159.0 1621.4 40.3 8.0
Tsimshian M 20 164.5 1866.8 43.2 9.7
F 15 138.7 2844, .4 53.3 13.8
Athapaskan M 81 155,1 1609.9 40.1 yAvA
F 68 142.9 43.6 5.3

1897.0
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TABLE VIII: Values of t and Chance Probabilities for Intra-Group
Differences by Sex in Mean Ridge Counts

Levels of
Samples Degrees of Significance

Variable Compared Freedom t 0.10 0.05 0.01
Left Hand N-N 72 1.836 *

K-K 63 0.367

T-T 23 1.707 ®

A-A 147 2.191 ’ *
Right Hand N-N 72 1.392 ®

K-K 63 0.626

T-T 33 1.304 ®

A-A 147 1.264
Combined Hands N-N 72 1.952 ¥

K-K 63 0.573

T-T 3 1.538

A-A 147 1.796 *
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TABLE IX: Velues of t and Chance Probabilities for Intra-Group
Differences by Hand in Mean Ridge Counts
Levels of
Samples Degrees of Significance
Sex Compared Freedom t 0.10 0,05 0,01
M N-N 82 0.256
K-K 78 0.376
T-T 38 0.041
A-A 160 0.314
F N-N 62 -0.228
K-K 48 0.538
T~T 28 -0.293
A-A 134 -0.733
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‘hand mean ridge counts, the Kwakiutl do not. For right hand meén ridge
counts the situation is almost completely reversed as none of the four
groups exhibit significant differences. When right and left hands are
combined and these differences in means are analyzed, both the Nootka
and Athapaskan groups again exhibit differences that are significant at
the 0.05 level. These conflicting results obviously make generalizations
about male-female differences hazardous.

None of the eight groupings exhibit statistically significant
differences (see table IX). Also important, unlike the differences in
means between the sexes of the same group, there is only partial support-
ing evidence of the tendency, observed by Cummins and Midlo (1961:194),
for right digits to possess a higher quantitative value than that of
their left counterparts. Referring to Tables V and VI, the results in-
dicate that while three of the four female groups exhibit higher mean
ridge counts on right hands (the Kwakiutl group is the only exception),
none of the male groups do. Instead, all male groupings and the female
Kwakiutl grouping possess higher mean ridge counts on the left hand
than on the right; however, none of the differences are statistically
significant. It is apparent that sex differences in mean ridge counts
are statistically more important than bimanual differences. For the
purpose of analysis, in these populations it appears unnecessary to
separate data by hands.

Inter-group Differences

Table X presents the results obtained from an analysis of
variance of the four samples by sex for the three ridge count categor-
ies. None of the differences between groups compared are statiétically

significant,
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TABLE X: Analysis of Variance of the Four Samples by Sex and Hand
(Separately as well as Combined) for Ridge Counts

‘Levels of

Samples Degrees of Significance
Variable Compared Freedom F Ratio 0.10 0.05 0.025 0.0l
Left Hand Males 3; 179 0.6510

Females 33 136 1.9362
Right Hand Males 3 19 0.6053

Females 3; 136 0.8152
Combined Hands Males 33 179 0.6522

Females 3; 136 1.3620
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A further evaluation of the statistical significance'of inter-
group differences in mean ridge counts is presented in the following
three tables., Table XI gives results for left hand mean ridge counts;
Table XII, right hand mean ridge counts; and Table XIII for the com-
bined left and right hand mean ridge counts. Only a very few of the
inter-group differences are statistically significant at the 0.05
level., For left hand mean ridge counts, three of the female inter-
group differences (N-K, K-T, and K-A) are significant while none of the
male differences are., Of the three significant female differences;
none are significant at the 0.0l level. For right hand mean ridge
counts, none of the ﬁale or female inter-group differences are signifi-
cant at the 0.05 level. As expected, for combined left and right hand
mean ridge counts, none of the male differences are significant, but
two of the female differences are (N-K and K-A). The N-K (female)
difference in means is significant at the 0.01 level.

Although there exist no statistically significant inter-group
differences among the male groupings, apparently some clustering of
groups is taking place. In all three categories examined, the Nootka
and Athapaskan mean ridge counts are virtually identical. The same
thing is true for the Kwakiutl and Tsimshian groups. Unfortunately,
not much weight can be given this apparent clustering as none of the
differences are even close to being significant.

Among the female groupings, there are not only a number of
significant inter-group differences, but also a consistent sequence for
the groups when arranged on a scale according to ridge count means., In
all three categories, the ranking of groups from lowest mean ridge

count to highest is as follows: Nootka, Tsimshian, Athapaskan, and
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TABLE XI: Values of t and Chance Probabilities for Inter-Group
Differences by Sex in Left Hand Mean Ridge Counts

Levels of
Samples Degrees of Significance

Sex Compared Freedon t 0.10 0:05 0.01
M N-K 80 -0.953

N-T 60 -0.641

N-A 121 0.011

K-T 58 0.158

K-A 119 1.248

T-A 99 0.821
F ' N-K 55 -2.345 *

N-T 45 -0.036

N-A 98 ~-0.497

K-T 38 1.714 "

K-A 91 2.059 b
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TABLE XII: Values of t and Chance Probabilities for Inter-Group
Differences by Sex in Right Hand Mean Ridge Counts
Levels of
Samples Degrees of Significance
Sex Compared Freedom t 0.10 0.05 0.01

M N-K 80 -0.880
N-T 60 -0.814
N-A 121 -0.084
K-T 58 -0.108
K-A 119 1.054
T-A 99 0.968
F N-K 55 -1.506
N-T 45 -0.262
N-A 98 -0.876
K-T 38 0.885
K-A 91, 1,011
T-A 81 -0.154
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TABLE XIII: Values of t and Chance Probabilities for Inter-Group
Differences by Sex for Mean Ridge Counts, Combined Left
and Right Hands

Levels of
Samples Degrees of Significance

Sex Compared Freedom t 0.10 0.05 0.01
M N-K 80 -0.938

N-T 60 -0.747

N-A 121 -0.036

K-T 58 0.027

K-A 119 1.180

T-A 99 0.919
F N-K 55 -3.823 N

N-T 45 -0.201

N-A 98 -0.794

K-T 38 1.658 ®

K-A 91 1.764 ’

T-A 8l -0.323
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. Kwakiutl, The Kwakiutl have by far the largest ridge count means in all
three categories, especially for the combined left and right hand cate-
gory. For left hand ridge counts, the differences in means between thg
Kwakiutl and each of the other three groups are significant at the 0.05
level. None of the mean differences is significant for the right hapd
but when left and right hands are combined and means calculated, the
differences in means between the Kwakiutl and the Nootka and Athapaskan
groups are again significant. Why the Tsimshian mean does not also
differ significantly is probably due to its relatively large standard
deviation (53.3). For the female groups, it would appear that the
Kwakiutl are distinet from the other three groups with respect to mean

ridge counts,
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Pattern Types

The classification of pattern types, like most systems of
classification, can be subdivided into finer and finer groupings, de-
pending upon the specific aims of individual researchers and their
specific research requirements., There has developed for dermatoglyphics
a system of classification that seems to fit the specific needs of most
of the researchers most of the time. The arch-loop-Whorl classifica-
tion of Galton is certainly the most basic classification in dermato-
glyphics and still receives wide usage among vaéious researchers, There
is, however, a further system, the Henry classification, that, according
to Cummins and Midlo (1961:60), is not only more widely used than any
other but also provides the foundation for the modified systems as well.
In this system there are four main types of patterns: arches, loops,
(true) whorls and composites (whorl deviates). Both the G&lton and
Henry systems of classification (with, at times, slight modification)
have been used in this study.

The ahalysis of digital pattern types in accordance with
standard procedure is divided into three basic sections: (1) analysis
of individual digits, (2) analysis of the hands separately as well as
combined, and (3) analysis of the index of pattern intensity and other
indices. The sexes of each group are treated separately.

Analysis of Pattern Types by Single Digits

Percentage frequencies of pattern types on single digits in
each of the four groups are presented in Tables XIV and XV (Nootka),

XVI and XVII (Kwakiutl), XVIII and XIX (Tsimshian) and XX and XXI
(Athapaskan). These data are condensed in Tables XXII (males and XXIII

(females), for easier comparative analysis. In Tables XXII and XXIII,
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TABLE XV: Percentage Frequencies of Finger Pattern Types on Individual
Digits in Nootka Females (n = 32)

Pattern Types

. Number
Whorl Ulnar Radial Tented of

Digit Side Deviate Whorl Loop Loop Arch Arch Digits
L 21-9 43-7 3404 - 32

I R 15.6 59.4 25.0 - - - 32
II R 9.4 28.1 43.7 9.4 3+l 6.3 32
L+R 15.6 23.4 ad 14.1 1.6 7.8 bl

L 301 1205 68.7 e 603 904 32

ITI R - 3l 90.6 - - 6.3 32
L 9.4 35 4347 1 6.3 32

IV R - 0.6 50,0 Bel - 6.3 32
L+R P 39.1 46.9 ir [y | 6.3 6/,

L 6-3 93-7 hae 32

v R - 9.4 90.6 - - 22
L+R 7.8 92.2 64,

I, ity 237 5L .4 yAA 12 5.0 160

I-V R 540 28.1 60.0 25 0.6 38 160
L+R 8.1 2549 ST o2 i 0.9 Lol 320




46

TABLE XVI: Percentage Frequencies of Finger Pattern Types on Individual
Digits in Kwakiutl Males (n = 40)

Pattern Types

Number
Whorl Ulnar Radial Tented of '

Digit Side Deviate Whorl Loop Loop Arch Arch Digits
I R 500 7705 1705 i - i 40
L +R I3 70.0 18.7 - - - 80
L 10-0 4705 2205 12'5 705 s 40
il R 20.0 AR sH 20.0 175 - - 40
L + R 15.0 45-0 21-3 1500 3.7 - 80
L 705 3705 5050 o 5-0 o 4—0
I1X R 125 37«5 475 - - 2.5 40
L 5.0 70.0 25,0 - - - 40
IV R 5.0 TR +5 20.0 25 - - 40
L+R 5.0 1.3 2255 e - - 80
L 175 3245 50.0 - - - 40
v R Vw5 LT wD L2 eh 245 - - 40
L +R 125 40.0 6.3 13 - - 80
L il 50.0 33.5 2o 245 - 200
I-V R 10.0 35D 29,5 bisD - 0.5 200
L+R 107 527 215 345 13 D 7 400
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TABLE XVII: Percentage Frequencies of Finger Pattern Types on Individual
Digits in Kwakiutl Females (n = 25)

Pattern Types

Number
Whorl Ulnar Radial Tented of

Digit Side Deviate Whorl Loop Loop Arch Arch Digits
L 24.0 60.0 16.0 - - - 25

: ! R 20.0 52,0 28.0 - - - 25
L+R 22.0 56.0 22.0 - - - 50

L 12.0 40.0  40.0 4.0 4.0 - 25

11 R 24,0 28.0 40.0 4.0 - 4.0 25
L+R 18.0 34.0  40.0 4.0 2.0 2.0 50

L 8.0 24.0 68.0 - - - 25

113 R 4.0 16.0 80.0 - - - 25
L+R 6.0 20,0 74.0 - - - 50

L 4.0 60.0 36.0 - - - 25

IV R 4.0 60.0 36.0 B - - 25
L+ R 4.0 60.0  36.0 - - - 50

v R 4.0 12.0 84.0 - - - 25
L+R 4.0 16.0 80.0 - - - 50

L 10.4 40.8 47.2 0.8 0.8 - 125

I-V R 1l 336 53.6 0.8 - 0.8 125
L+R 10.8 N2 50.4 0.8 0.4 0.4 250
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TABLE XVIII: Percentage Frequencies of Finger Pattern Types on Individual
Digits in Tsimshian Males (n = 20)
Pattern Types
Number
Whorl Ulnar Radial Tented of
Digit Side Deviate Whorl Loop Loop Arch Arch Digits
I R 30.0 65.0 5.0 - - - 20
L 10.0 45,0 25.0 5.0 5.0 - 20
IT R 10.0 35,0 30,0 25.0 - - 20
L+R 10.0 (0.0 27.5 20.0 3.0 - 40
L 10.0 30.0 55.0 - 5.0 - 20
L+R 7.5 32.5 55.0 - 2.5 2.5 40
IV R - 80.0 20.0 - - - 20
L+R 2%5 75.0 22.5 - - - 40
L - 40,0 60.0 - - ~ 20
v R - 45.0 55.0 - - - 20
L+R - 42,5 57, - - = 40
I-v R 9.0 52,0 33.0 5.0 - 1.0 100
L+R 10.0 50.0 34, 4.0 1.0 0.5 200
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TABLE XIX: Percentage Frequencies of Finger Pattern Types on Individual

Digits in Tsimshian Females (n = 15)

Pattern Types

Number
Whorl Ulnar Radial Tented of

Digit Side Deviate Whorl Loop Loop Arch Arch Digits
L 20.0 60,0 20.0 - 15
i i R 20.0 53.3 20,7 - - - 15
L+R 20.0 56,7 23.3 - 30
L 13.3 26,7 20.0 26.7 6.7 6.7 15
II R 20.0 26.7 40.0 607 i 6.7 15
L +R 16,7 26,7 30,0 16.7 3.3 6.7 30
L 6-7 2607 53-3 - 13t3 15
LT R - 33.3 60.0 - - 6.7 15
L+R 343 30.0 56.7 10.0 30
L 66.7 26,7 - 6.7 15
IV R - 66.7 26.7 - - 6.7 15
L +R 66,7 26,7 - 6.7 30
L 33.3  53.3 - -~ 133 15
v R 20.0 3.3 - - 6.7 15
L +R - 26.7 63.3 - - 10.0 30
L 8.0 L2467 k"1 58 1.3 8.0 75
I—V R 8.0 Z&an 45-3 1-3 = 503 75
L+R 8.0 41.3  40.0 23 [ 6.7 150
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TABLE XX: Percentage Frequencies of Finger Pattern Types on Individual
Digits in Athapaskan Males (n = 81)

Pattern Types

. Number
Whorl Ulnar Radial Tented of

Digit Side Deviate Whorl Loop Loop Arch Arch Digits
L 30.7 38.3 30.7 - - - 81
I R 22,2 60.5 17.3 - - - gL
L T4 40.7 35.8 8.6 37 3.7 81
TE R 13.6 40.7  33.3 9.9 - 2é5 81
L+R 10.5 40.7 34.6 9.3 1.9 3.1 162
L 1243 243 . 52l - - 1:a 81
I R Tody 34.6 55.6 - 1.2 7% 81
L+R 9.9 33.9 54.3 0.6 1.2 162
L 12.3 59.3 28.4 - - 8l
IV R 602 70c4 2305 - = e 81
L+R 93 6.8 25.9 162
L 6vld 23.5 70.4 - - 81
\ R 3.7 30,9 65.4 - - - X 81
L+R 4.9 22,2 67.9 - - - 162
L 13.8 39.0  43.7 1.7 0.7 1.0 405
I-V R 10.6 4.4 39.0 2.0 0.3 0.7 405
L+R 12,2 43,2  41l.4 1.9 0.5 0.9 810




TABLE XXI:

Digits in Athapaskan Females (n = 68)
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Percentage Frequencies of Finger Pattern Types on Individual

Pattern Types

Number -
Whorl Ulnar Radial Tented of
Digit Side Deviate Whorl Loop Loop Arch Arch Digits
L 29./, 26.5 Lh .1 - - 68
L 1342 26.5 39,7 10,3 2.9 3 68
3 R 13,2 32.4 Ahsl Lol - 5.9 68
+ R 1352 29.4 41.9 T4 15 6.6 136
L 5-9 23-5 67.6 - 105 105 68
B R 73 25.0 66.2 - - a5 68
+ R 6.6 2443 66.9 0T L5 136
L Jsb 57.4 41.2 - - 68
IV R B ) 57 o4 Lila2 - - - 68
+ R 1#5 57 .4 .2 136
L Lt 19.1 75.0 L+5 68
+ R Lol 16.2 78.7 - Qa7 136
L 10.9 30.6 53:5 2.1 0.9 2.1 340
I-V R 10.9 o 5345 0.9 - e 340
4+ R 10.9 31.9 535 15 0.4 1.8 680
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TABLE XXII: Percentage Frequencies of Finger Pattern Types on Individual
Digits in Males (Nootka - 42; Kwakiutl - 40; Tsimshlan - 203
Athapaskan - 81)

Pattern Types

Number
Loops of
Digit Side Sample Whorls Ulnar Radial Arches Digits
I L NOO T1.4 23.8 2.4 2.4 42
KWAK 80.0 20.0 - - 40
TSIM 85.0 15.0 - - 20
ATHA 69.0 30.7 - - 81
R NOO 88.5 191 R4, - 42
KWAK 82.5 17.5 - - 40
TSIM 95.0 5.0 - - 20
ATHA 82.7 17.3 = - 8l
L +R NOO 75.0 R1l.4 Ry 1.2 8.,
KWAK 8l.3 18.7 - - 80
TSIM 90.0 10.0 - = 40
ATHA 75.9 R4.1 - o 162
ik L NOO 45.3 23.8 11.9 19.1 42
KWAK 57.5 22.5 12.5 7.5 40
TSIM 55.0 25.0 15.0 5.0 20
ATHA 48.1 35.8 8.6 YA 1
R NOO 47.6 26.2  14.3 11.9 42
KWAK 62.5 20.0 17.5 - 40
TSIM 45.0 30.0 25.0 - 20
ATHA 54.3 33.3 9.9 2.5 8l
L +R NOO 46.5 250 13.1 15.5 84
KWAK 60.0 21.3 15.0 3.7 80
TSIM 50.0 27.5 20.0 3.0 L0
ATHA o 5 34.6 9.3 5.0 162
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TABLE XXII (continued)

III E NOO 26.2 59.5 - 14.3 42
KWAK 45.0 50.0 - 5.0 40

TSIM 40.0 55,0 = 5,0 20

ATHA 45,6 53,1 - 1.8 81

R NOO 28.6 69.1 - 2.4 42
KWAK 50,0 47.5 - 2.5 yAs)

TSIM 40.0 55.0 - 5.0 20

ATHA 42.0 55.6 - 2.5 81

L + R NOO v 6.3 - 8.3 8/,
KWAK 47.5 L8.7 - 3.8 80

TSIM 40.0 55,0 - 5.0 40

ATHA 43.8 5443 - 1.8 162

IV L NOO 73.8 214 - 4.8 L2
KWAK 75.0 25,0 - - 40

TSIM 75.0 25.0 - = 20

ATHA 71.6 28.4 - - 81

R NOO 64.3 35.7 - - 42
KWAK 77.5 20.0 2.5 - 40

TSIM 80.0 20.0 - - 20

ATHA 76.6 23:5 - 8l

L +R NOO 69.0 28.6 - 2.4 84
KWAK 76.3 22.5 1.3 - 80

TSIM TT=5 22.5 - 40

ATHA Tl 25.9 162

\ L NOO 19.0 80.9 - - 42
KWAK 50.0 50,0 40

TSIM 0.0 60.0 20

ATHA 29.7 70.4 - - 81

R NOO 23.9 73.8 ot 2.4 42
KWAK 55-0 42.5 205 s A—O

TSIM 45.0 55.0 - - 20

ATHA 3.6 65.4 - 81

L + R NOO 21.4 T - , 12 8
KWAK 52.5 46.3 143 - 80

TSIM 42.5 57.5 - - L0

ATHA 32.1 67.9 - 162
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TABLE XXIII: Percentage Frequencies of Finger Pattern Types on Individual
Digit in Females (Nootka - 32; Kwakiutl - 25; Tsimshian -
15; Athapaskan - 68)

Pattern Types

Number
Loops of
Digit Side Sample Whorls Ulnar Radial Arches Digits
I L NOO 65.6 3ol - - 32
KWAK 84.0 16.0 - 25
TSIM 80.0 20.0 w - 20
\THA 55.9 Ll 1 ” 68
R NOO 75.0 25.0 - - 32
KWAK 72.0 28.0 - - 25
TSIM 73,3 26.7 - - 20
ATHA 66,1 33.8 - - 68
L +R NOO 70.3 29.7 - - 64,
KWAK 78.0 22.0 - - 50
TSIM 76,7 23.3 - - 40
ATHA 61.1 40.0 - a 136
1Y L NOO 40.6 31.3 18.7 9.4 32
: KWAK 52,0 40.0 &,0 4.0 25
TSIM 40.0 20.0 26,7 13,4 20
ATHA 39.7 39.7 10.3 10.3 68
R NOO 37.5 137 9.4 9.4 32
KWAK 52.0 0.0 4.0 4.0 25
TSIM 46.7 40.0 6.7 6.7 20
ATHA 45.6 VE . | Lk 5.9 68
L +R NOO 39.0 37.5 141 3 6/,
KWAK 52.0 40.0 4.0 4.0 50
TSIM 434 30.0 16.7 10.0 40
ATHA 42.6 41.9 Tl 8.1 136



TABLE XXTII (continued)

III L NOO 15.6 68.7
KWAK 32.0 68.0
TSIM 33.4 533
ATHA 29.4 67.6
R NOO 3.1 90.6
KWAK 20.0 80.0
TSIM 33.3 60.0
ATHA 32.3 66.2
L+R NOO 9.4 79.7
KWAK 26.0 74,0
TSIM 23,3 56.7
ATHA 30.9 66.9
IV L NOO 46.9 43.7
KWAK 64,.0 36.0
TSIM 66.7 26.7
ATHA 58.9 ke
R NOO 40.6 50.0
KWAK 64,.0 36.0
TSIM 66.7 26.7
ATHA 58,9 41.2
L+R NOO 43.8 46.9
KWAK 6/,.0 36.0
TSIM 66.7 26.7
ATHA 58.9 41.2
v 5 NOO 6.3 93.7
" KWAK 24,.0 76.0
TSIM 33.3 53.3
ATHA 23.5 75.0
R NOO 9.4 90.6
KWAK 16.0 84,0
TSIM 20.0 73.3
ATHA 17.6 82.
L+R NOO 7.8 92.2
KWAK 20.0 80.0
TSIM 26.7 63.3
ATHA 20.6 78.7
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true whorls and whorl deviates have been combined to form a single whorl
category; and true arches and tented arches have been combined to form a
single category. Loop categories have remained unchanged. This classi-
fication, therefore, closely resembles that devised by Galténf

In general, for both the male and female groupings, right and
left hands, whorls occur more frequently than ulnar loops on digits I,
II, and IV, Conversely, ulnar loops occur more frequently than whorls
on digits III and V. There are, however, a few exceptions (see Table
XXII). Further, radial loops and arches are characteristically more
abundant on digit II than on any other digit. The distribution of
radial loops for both males and females certainly verifies this state-
ment while for arches it is not nearly so clear (see Tables XXII and
XXIII). The distribution of arches is spread over a greater number of
digits than is the case for radial loops, especially among the female
groupings, and not all groups exhibit the highest percentage of arches
on digit II.

Many of the differences exhibited by various pattern types
on a single digit are indeed quite small and consequently, little
weight, if any at all, can or should be given them separately concern-
ing their significance. Nevertheless, I will discuss each of the digits
in turn, with a view to tentatively establishing some possible relation-
ships between each of the four groups.

This discussion will involve only those percentage frequencies
listed for left and right hands combined, an average of the recorded
percentages for the left and right hands separately (see Tables XXII
and XXIII., Groupings based on sex will be retained and discussed

separately. For males, digit I category, the Nootka and Athapaskan
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groups have approximately the same percentage of whorls (75.0% and 75.9%
respectively) while the Tsimshian have a substantially higher percentage
(90.0%), and subsequently fewer ulnar loops (10.0%). The Kwakiutl are
essentially in an intermediate position with respect to both percentages
of whorls (81.3%) and ulnar loops (18.7%). In female groupings, the
Kwakiutl and Tsimshian have similar percentage of both whorls (78.0%

and 76.7% respectively) and ulnar loops (22.0% and 23.3% respectively).
The Athapaskan are distinguished from the other three groups by having
the lowest percentage of whorls (61.1%) and the highest percentage of
ulnar loops (40.0%). The Nootka occupy an intermediate position in this
category. Of the eight groupings only the Nootka males possess per-
centages for either radial loops or arches on digit I.

For digit II, males, the Kwakiutl possess the highest per-
centage of whorls (60.0%) and the lowest percentage of ulnar loops
(21.3%). The percentages exhibited by the other three groups with
respect to these two pattern types are quite similar although the
Athapaskan do have a fairly high percentage of ulnar loops (34.6%).

Of further notice is the extremely high percentage of arches exhibited
by the Nootké (15.5%). The distribution of radial loops shows the
Athapaskan with the lowest percentage (9.3%) and the Tsimshian the
highest (20.0%). In the female groupings, the Kwakiutl possess a
relatively high percentage of both whorls (52.0%) and ulnar loops
(40.0%). Both the Nootka and Tsimshian exhibit relatively high per-
centages of radial loops (14.1% and 16.7% respectively) and arches

(9.4% and 10.0% respectively). The Athapaskan also possess a relatively

high percentage of arches (8.,1%).
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Of note for the male groupings for digit III, is the low per-
centage of whorls (27.4%) exhibited by the Nootka and their correspond-
ingly high percenfage of ulnar loops (64.3%) and arches (8.3%). For
female groupings, the Nootka are again characterized by a low whorl
percentage (9.4%) and a high arch percentage (10.9%). The Tsimshian
also have a high percentage of arches (10.0%).

The tendency noted for Nootka males in digit III also appears
to be present in digit IV, although not of the same magnitude. The
Nootka possess the lowest percentage of whorls (69.0%) and the highest
percentage of ulnar loops (28.6%). The Athapaskan (the next closest
group) are not very different in terms of whorl and ulnar loop percent-
ages (74.1% and 25.9% respectively). The Nootka are also the only
group with arches on this digit (2.4%). The same pattern is also ap-
parent among the female groupings. The Ncotka again exhibit the lowest
percentage of whorls (43.8%) and the highest percentage of ulnar loops
(46.9%) of any of the four groups. They also exhibit a high percentage
of arches (6.3%), along with the Tsimshian (6.7%), and are the only
group possessing radial loops on this digit (3.1%).

For digit V, Nootka males and females have the lowest whorl
percentages (7.8% and 21..% respectively) and the highest ulnar loop
percentages (92.2% and 77..% respectively) in their respective groupings.
No other group possesses similar percentages for these two pattern
types. Also of note, the Tsimshian males possess a high percentage of
arches (10.0%).

In summary, I think it can be said that the Nootka, particular-
ly the males for the whorl and arch categories, possess sufficisntly

distinet percentages in relation to the other three groups to warrant
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their possible separation. For example, Nootka males consistently ex-
hibit the lowest percentage of whorls and the highest percentage of
arches on each of the five digits. The females are not as consistent
as the males in this respect although they do exhibit the lowest per- '
centage of whorls for all four groups on all digits except digit I.
Further, Nootka males and females exhibit the highest percentage of
ulnar loops on digits III, IV, and V; the Athapaskan; in both cases,
exhibit the highest percentages on digits I and II.

Some general statements can also be made for groups other
than the Nootka. Kwakiutl males tend to have the highest percentage of
whorls (except digits I and IV) and the lowest percentage of ulnar loops
(except digit I) of all four groups. Tsimshian males replace them in
the three exceptions noted above. This pattern is not present for
female groups. Instead the Tsimshian tend to have the highest percent-
age of whorls (except digits I and II) and the lowest percentage of
ulnar loops (except digit I). In the three above exceptions, the
Tsimshian are replaced by the Kwakiutl., It will be noted that the pat-
tern for females in the ulnar loop category with respect to lowest per-
centages is exactly opposite that found for males. The fact that
Athapaskan males and females have received very little comment in this
discussion is primarily a result of their tendency to consistently
occupy an intermediate position with respect to the distribution of
pattern types on single digits.

It is now possible to make a few tentative generalizations
concerning the inter-relationships that possibly exist between each of
the four samples. First, I think it is fairly clear that the Nootka

possess certain characteristics that differertiate them from the



remaining three groups with perhaps the possible exception of the
bAthapaskan. Second, it appears that the Kwakiutl and Tsimshian, in terms
of percentages exhibited for specific pattern types (with the exception
of arches), together occupy a somewhat similar position. These two
groups consistently exhibit percentages of specific pattern types (par-
ticularly whorls and ulnar loops) that are directly opposite those ex-
hibited by the Nootka. For example, the Nootka consistently exhibit a
low percentage of whorls and a high percentage of ulnar loops while the
Kwakiutl and Tsimshian groups exhibit an opposing pattern characterized
by a high percentage of whorls and a low percentage of ulnar loops. It
should also be noted that while the Nootka males exhibit a high percent-
age of arches, their female counterparts must share this distinction with
Tsimshian females., Third, both the Athapaskan males and females consist-
ently occupy what might best be described as an intermediate position
between the Nootka and Kwakiutl/Tsimshian extremes. Further, it appears
that the males of this group have a tendency toward the Nootkan pattern
while the females, conversely, have a tendency toward the Kwakiutl/
Tsimshian situation. As a result there appears to be no clear-cut affin-
ity with either of these two groupings. The Athapaskans, therefore, are
best described at this point in the analysis as an intermediate group
residing somewhere between the Nootka and Kwakiutl/Tsimshian extrenmes.
Analysis of Pattern Types by Hand

The foregoing section was concerned with the analysis of pat-
tern types on individual digits. In this section the percentage of
specific pattern types will be examined by hand, separately as well as
combined (see Table XXIV). The sexes will again be treated separately.

These data are presented graphically in Figures 10 and 11 (male left



TABLE XXIV: Percentage Frequencies of Pattern Types in Each of the Four Samples by Hand (Separately as
well as Combined) and Sex

Pattern Types

Whorl Ulnar Radial Tented Number of
Sample Sex Side Deviate Whorl Loop Loop Arch Arch Digits
Nootka M L 20.0 27.1 41.9 2.9 3.3 4.8 210
(74) (42) R 13.3 35.2 4.8 3.3 g 1.9 210
L+R 16.7 31.2 43.3 3.1 2. 3.3 420
F L 11.3 23.8 54 o4 Lok 1.3 5.0 160
(32) R 5.0 28.1 60.0 2.5 0.6 3.8 160
L +R 8.1 25.9 57.2 3.4 0.9 VYA 320
Kwekiutl M L 11.5 50.0 33.5 2.5 2.5 3 200
(65) (40) R 10.0 55.5 29.5 L5 - 0.5 200
L+R 10.8 52.8 31.5 3.5 1.3 0.3 400
F 7 10.4 0.8 A7 .2 0.8 0.8 - 125
(25) R 11:2 33.6 53.6 0.8 - 0.8 125
L+R 10.8 37.2 50.4 0.8 0.4 0.4 250
Tsimshian M L 11.0 48.0 36.0 3.0 2.0 - 100
(35) (20) R 9.0 52.0 33.0 5.0 - 1.0 100
L+R 10.0 50.0 35 4.0 1.0 0.5 200
F L 8.0 LR.7 341 543 1y3 8.0 75
(15) R 8.0 40.0 45.3 1.3 - 5.3 75
L+R 8.0 1.3 40.0 3.3 0.7 6.7 150
Athapaskan M L 13.8 39.0 43.7 1.7 0.7 1.0 405
(149) (81) R 10.6 b A I 4 39.0 2.0 0.3 0.7 405
L+R 12.2 43.2 s 1.9 0.5 0.9 810
F L 10.9 30.6 53.5 2.1 0.9 2.1 340
(68) R 10.9 3302 53.5 0.9 - x:5 340
L+R 10.9 31.9 53.5 1.5 0.4 1.8 680
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and right hands respectively), 12 and 13 (female left and right hands),
and 14 and 15 (male left and right hands combined, and female left and
right hands combined). Table XXV presents the same data but in a con-
densed form so as to facilitate comparative analysis. Similarly, the
data presented in Table XXVI have been condensed from Table XXV. This
has been done for two reasons: (1) for the purpose of comparative
analysis with respect to the total frequencies reccrded for the cate-
gory left and right hands combined; and (2) to bring together the per-
centage frequencies used in the calculation of éhe pattern indices.
These indices will be dealt with in the following section. It will
also be noted that Tables XXV and XXVI are a condensed version of Table
XXIV: whorl deviates and true whorls have been combined, as they were
in the foregoing section, to form a single whorl category; and true
arches and tented arches have been combined to form a single arch cate-
gory. Loop categories have again remained unchanged. As before, the
classification used <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>