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Abstract

The exploitation of salmon resources was once central to the
economic life of the Northwest Coast. The organization of technological
skills and information brought to the problems of salmon utilization by
Northwest Coast fishermen was directed to obtaining sufficient calories to
meet the requirements of staple storage foods and fresh consumption. This
study reconstructs selective elements of the traditional salmon fishery
drawing on data from the ethnographic record, journals, and published
observations of the period prior to intensive white settlement. To serve
the objective of an ecological pérspective, technical references to the

habitat and distribution 6f Pacific salmon (Oncorhynchus sp.) are included.

The aim of the work is to assess the relationship of salmon technology
complexes to ecological conditions at fishery sites. It is an examination
of the operating principles in traditional systems of salmon production.

A model of the fishery is suggested: during migration anadromous
salmon pass through a number of time and space segments where they can be
intercepted by fishermen. A coincidence of appropriate elements will define
a fishery site, i.e., the cgaracteristics of the prey, accessibility to
resource locations, natural features of the environment, and the?enterprise
of fishérmen. The interaction of these and their constituent variables
provides a range of selective strategies to be used, analyzed in this study
with reference to specific Northwest Coast ethnic divisions and geographic

locations.
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Twenty-four ethnic or areal divisions within the Northwest
Coast culture area were studied. The results of the research are
presented in Part One supported by distribution maps and illustrative
materials., Lists of reference tables for each of twelve systems of

salmon production are contained in an Appendix. Part Two includes

technical information about Oncorhynchus sp. and its habitat., Part
Three is an analysis of social, ecological, and technological elements
in several stages of inter-relation, including an interregional
comparison in the final section. An Indéx of Salmon Abundance and a
comparison of selected resource areas provide statistical evidence

(Appendix II and IIIX).
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INTRODUCTION

The pre-colonial societies that occupied the coastal region
of northwestern North America were economically dependent on the
Pacific inshore and riverine fisheries. Despite a diversity of
languages and cultures, the unifying principle throughout the entire
Northwest Coast was an adaptation to marine resources that centred
on the availability and utilization of the anadromous Pacific salmon,

Oncorhynchus sp. As the evidence of this thesis will demonstrate,

traditional systems of salmon production were generally coincident
with seasonal migrations of adult salmon returning from marine
environments to fresh water spéwning grounds. This characteristic
movement of salmon biomass through successive time and space segments
is the critical component in an appraisal of maritime adaptations

on the Northwest Coast.

In each distinctive Northwest Coast cultural system, fishermen
generated strategies of resource utilization that optimized the kinds
of locations where salmon could be taken. From Yakutat Bay, Alaska,
to the Eel River drainage in Northwestern California, there are
significant shared features in the natural enviromment: a temperate
climate, moderate to heavy precipitation, extensive tree cover, little
arable soil, and innumerable rivers and streams. It was these fresh
water resources that supported large salmon populations, providing
the primary food source for coastal peoples. The local resource user-
groups in each society had access to several fishery sites, defined

by specific micro-ecological factors: currents, tides, turbidity,



thermal conditions; these are generally described in geophysical
terms as: riffles, bays, bars, river mouth areas (estuaries),
inshore channels, fjords and inlets, small coastal streams, large
rivers, waterfalls and rapids in the canyon. Every fishery location
offered a combination of variable water features to challenge the
fisherman's technical expertise; but the most important ecological
variable was the presence of salmon.

Five species of Pacific salmon enter the waters of the

Northwest Coast: chinook (Oncorhynchus tschawytscha), sockeye

(0. nerka), pink (O. gorbuscha), coho (0. kisutch), and chum (0. keta).
Characteristic differences between species are demonstrated in the
timing of runs and behaviour during migration, which under some
circumstances affect resource utilization. Spawning populations
within each species comprise a genetic stock referred to as a 'run'.
Maturing salmon in each spawning population return to the spawning
ground from which they originally emerged as fry. The run itself is

a discrete event in time that follows a regular and recurring pattern
for each stream population or stock. The period during which any given
run is accessible to human predatibn is limitedf A river system that
supports several spawning grounds and that has runs of more than one
or two species of salmon is likely to havé a longer season than one
which has fewer runs. However, the size of the run may be an even
more significant factor. Where abundant runs pass through a fishery
site not only is the duration for which salmon are accessible extended,
but fishing opportunities are statistically improved, and yields

increased.



The seasonality of each Pacific salmon species is predictable,
occurring with as much regularity as the ripening of food crops like
rice and wheat. Nevertheless, as with agricultural resources, salmon
is subject to fortuitous events and conditions in the ecosystem which,
for humans, have an impact upon potential food production. Fluctuations
in abundance that may seriously deplete the size of runs available
locally to a resource utilization group commonly occur for any of a
number of reaéons. To extend the analogy, a plant food producer has
a direct role in relation to crop growth; he or she prepares the fields,
sows the seeds or plants the seedlings, and contends with weeds and
pests during the growing season. The Northwest Coast fisherman had no
input control to correspond with this in the empirical sense although
he would, through appropriate respect behaviour, try to ensure that a
compatible environment existed to attract the returning spirit of
Salmon. Otherwise, all his production energies must be directed to
the harvest, the salmon run, since that was his only opportunity to
effect the objective. It is essential then that strategies of
production increase his chances of making the catch. Pertinent
information about the characteristics of local salmon stocks and
the features of accessiblg water resources was transmitted to members
of the user-group, a lineage association, through the social
organization of knowledge, as essential in fishing societies as in
agricultural communities. Intimate and detailed knowledge of the

resource is the foundation on which technical systems of salmon

production were organized.



Non-agricultural societies are generally categorized as
simple social systems. The Northwest Coast is an anomoly: it was
non-agricultural but it.had_a complex social structure, rigidly
hierarchical with ranked social groups, a relatively dense population
concentrated especially at river confluences and outlets, living in
permanent winter villages from which user-groups emerged on seasonal
. excursions of resource exploitation. Like other western North
American societies, the people of the Northwest Coast had an
acephalous political organization, each community independent and
self-sufficient (1).

According to early anthropological classifications, the
Northwest Coast was in an equivocal hunter-gatherer category, despite
a complexity of social organization and material culture that belies
this characterization.A The products of hunting and gathering provided
supplemental nutrients to Northwest Coast diets but cannot be con-
sidered primary. .To extend the meaning of the terms 'hunting' and
'gathering' to include the integrative modes of salmon production
and resource utilization practised by fishermen on the Northwest
Coast doeé the system of typologies an injustice. More importantly,
it is likely that distinctions will be overlooked that may help to
explain the nature of resource exploitation in a maritime environment,
and how these differ from strategies of land-use. A closer examination
of the maritime strategies utilized by Northwest Coast people
obviously would be useful in rethinking systems of classification
based on the ecology and traditional economics of non-industrialized

societies.



Not only is the Northwest Coaét miscast as a hunter-
gatherer gro;p, it has been unrecognized as the signal example of a
maritime adaptation. This thesis begins with the assumption that the
Northwest Coast is essentially a fishing society. Yet the conditions
of its economic base are exceptional among known fishing societies in
other parts of the world (2). Typically, people who are economically
dependent principally on maritime resources either practice some form
of agriculture or exist in symbiotic relation to plant food-producers.
But on the Northwest Coast there was no significant incipient plant
production and no neighbouring agriculturists. Whereas in fishing
communities elsewhere people obtained wheat or rice and other staple
grains through systems of exchange, utilizing their catch not only as
a protein source but as a commodity, on the Northwest Coast preserved
fish products were the étaple storage foods. 1In addition to salmon, the
major species utilized; where available, were: cod, halibut, sturgeon,
trout, herring, eulachon in the north, eel or lamprey in the south, and
other species locally obtainable, for example, the sablefish (black cod)
in the waters off the Queen Charlottes., Other marine products included
many species of intertidal shellfish and marine mammals. From one
soéiety to another a variable proportion of these products was
preserved either as dried fish or as stored oil and roe by-products.
But the chief staple food, the principal component in the annually
stored provisions of each family group, was salmon. It was the

availability and utilization of salmon that made a singular case of

this culture area in relation to other fishing societies. Permanent



villages and communities in the Northwest Coast supported sizeable
populations with a fishing economy that was self-sustaining, one with
no symbiotic relation to other production or economic systems.

Occasionally in the past suggestions have been made to explain
the level of food production on the Northwest Coast (as well as the
quality of art and architecture) by reference to a bounteous nature.

It is not enough to say the environment was richly endowed, even

though in many places this was certainly true. 'The waters abound with
salmon', some sources say; yes, but salmon must be caught, they must

be accessible to exploiting groups. 'Salmon runs fill the streams
yearly', others will say; yes, but the duration of each run is limited,
the resource must be exploited within the constraints of time and place,
and the characteristics of individual salmon species. The size of
local salmon populations varies from one stream system to another.
Abundance varies from year to year. Stocks are subject to disease and
to predation by non-humans that affects the number of returning spawners.
The criterion by which to judge the achievement of Northwest Coast
systems of marine and riverine adaptation is not the potential size

of .the spawning population in the entire Pacific drainage system, but
the size of the catch.

A notable feature of the traditional Northwest Coast fishery
was the development of multiform techniques of salmon reséurce pro-
duction. This study contains an assembly and comparison of data on
salmon ecosystems and traditional resource use. The production
techniques and processes used in the native fishery were based on a

complex of systems that operated within ecological and social



parameters. Twelve salmon technology complexes are identified, eachA
suited to a différent set 6f conditions in the natural and social
environment. A distributional analysis of resource use patterns is
included. The standard ethnographic accounts of twenty-four linguistic
. or ethnic groups provides the primary data source, together with
supplementary observations by early visitors to the Northwest Coast.

In addition, selected technical references in the reports of fisheries
researchers and biologists, geographers and hydrographers, were
consulted for useful scientific material to aid in the reconstruction

of the ecological context of the fishery.



LITERATURE REVIEW

Previous Studies of the Northwest Coast Traditional Fisheries

1. Hewes (1947 unpublished dissertation); Rostlund (1952);
Kroeber & Barrett (1960)

It is remarkable that so little work has been done to
synthesize the available Northwest Coast materials. The three re-
ferences cited above are the only comprehensivé studies to include
traditional fishing methods used by Northwest Coast peoples. Hewes'
work is an extensive survey of northwestern North America's aboriginal
fisheries including most of the marine species utilized, together with
intertidal sﬁecies, marine mammals, anadromous species and freshwater
fish. His data for the Northwest Coast region is particularly strong
for California groups among whom he did original field research in 1940.
Hewes describes specific geographical features at many coastal sites
along the California, Oregon and Washington seaboard, and furthef north;
and he itemizes the fishing methods used at.each of these locations.

Rostlund's compendium is a standard reference for North
American freshwater fish and traditional fishing methods. Essentially
it is an inventory of ethnographié and historical references to the
subject, complete with topical summaries of the distribution and
characteristics of fishing methods. Rostlund's perspective is
comparative geography but, like Hewes, he was obviously impressed by
the diversity of fishing methods utilized by native North Americans and

sought to bring order to the wide-ranging materials on the subject.



Kroeber and Barrett's monograph is the only anthropological
analysis of fishing technology to focus exclusively on a sub-area of
.the Northwest Coast. It is an exhaustive accounting of all reported
fishing methods used by contiguous Northwestern California language
groups who occupied the Klamath River basin and several adjacent river
systems. In a review of this work H.E. Driver has said that it surpasses
anything else published about fishing methods in an area of comparable
size in North America (1962:1078). While Kroeber introduces his work
by saying that '"no comprehensive accounts of fishing in the area have
been pubiished" in reference to Northwestern California, he might well
have extended that observation to the wider Northwest Coast culture
area (1960:1).

In the present work excerpts and data are drawn from Kroeber
and Barrett's study. However, the other two selections, which relied
on standard ethnographic references for their data, were not consulted
because I have preferred to go directly to original sources. In the
case of Kroeber énd Barrett, much of the material was drawn from un-
published works or sources not easily accessible. Hewes' field notes,
e.g. are more extensively treated in the California study than was

feasible in his dissertation.

2. Suttles (1960, 1962, 1968); Vayda (1961, 1967)

It is Suttles and Vayda who are generally credited with being
the first to refute theories of boundless plenty in respect of Northwest

Coast resource availability. These scholars studied the implications of
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resource variability in social and economic features of Northwest
Coast societies, and raised pertinent questions about differential
access to productive resource areas. Although some questions remain
unresolved, the former unexamined attitudes toward abundance and
surplus have been successfully challenged.

In these studies, Suttles and Vayda applied an ecological
perspective to the problems associated with systems of distribution,
whereas I use a similar ecological model in the present work to examine

systems of production.

3. ~ Donald and Mitchell (1975); Schalk (1977)

Other scholars have more recently examined resource variability
with special emphasis on salmon fishéries. Donald and Mitchell's paper,
""Some Correlates of Local Group Rank Among the Southern Kwakiutl", is
now a classic statement of the correlation between salmon resource
availability and human population size. Donald and Mitchell demonstrated
a subsequent correlation to the system of local group rank among the
referenced population, that is, the '"relative richness of annual salmon
resources' produced in territories held by local groups of resource
users'corfelates to their relative social rank as established by
precedent during 'potlatches’.

Schalk's paper, on the other hand, focusses on the nature of
the salmon and other anadromous fish as an exploitable resource (3 ).

His is a comprehensive account of 'the structure" of the resource,

including variations in spawning populations and the timing of runs
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which are similar to the kinds of data presented in Part Two of this
thesis. Schalk takes exception to earlier works in anthropology,
including that of Suttles and Vayda (and Harris' analysis of that
work ( 4)), which purport to represent ecological .models of resource
availability without a sufficient data base to specify more exactly

what is meant by variation.

Maritime Anthropology - Canada

1. Andersen and Wadel

The series of research articles to éome out of Newfoundland
in the late sixties - early seventies was the first integrated attempt
to examine maritime adaptations in a Canadian context. The Atlantic
fisheries represented in these papers are different in most respects
from the Pacific salmon pre-colonial fisheries. Nevertheless, the
perspective and research approach that was used informed my initial
interpretation of a method by which to study the west coast production

.

system.
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RESEARCH DESIGN

Methodology

Second and third-generation cultural ecologists have expanded
on the original concepts of Julian Steward (1936, 1955) to produce more
flexible definitions of the interaction between environment, cultural
artifacts, and exploitative strategies; névertheless, it was he who
first suggested that it was sound methodoloéical practice to %solate
the significant ecoiogical—culture relation in any given group, rather
than consider all elements of equal value (cf Cox:1973;Geertz:l963;‘
Harris:l968;Helm:l962).

In the past cultural ecology models have placed too much
emphasis on-'adaptapion:, a concept that became a catch-all for un-
critical analysis. Like.all over-used words, it lost its original
meaning and has recently fallen from favour. As Jorgensen has commented,
at any moment in time every cultufal system is 'adapted' to its environment
(n.d.). Perhaps the main disappointment with theories of cultural
ecélogy and such other approaches as interactional analysis (cf Barth:
1959,1968) is that they seemed to promise a means of analyzing processes,

N AN
rather than an explication of static models.
The method I selected for the purposes of this study was one
‘that would help me to define and analyzeé the traditional fishery as a
system. I wanted to know how the fishery operated; what was the inter-

relation of selected and significant variables, the nature of the

resource, the social organization of labour, the accessibility of
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resource-use sites, the technology of salmon production. Nopions
from both cultural ecology and general systems theory (GST) were
useful in the formulation of a paradigm for the fishery (cf Bertalanffy:.
1973;Watt:1968). )

I do not represent my simple paradigm to be a genuine model
of process. Such models, where they exist, are dependent on formal
mathematical analyses, computer-enhanced, and are only recently bging
developed to serve specific objectives in archaeology, physical
anthropology,_1inguistics, andbpopulation—ecology studies. Usually,
a statistical base is prefequisite, or some means of quantifying the
value of things that stand in relation to one another. T anticipate
that as 'mainstream' anthropologists become‘more familiar with the
modelling capabilities of certain computer languages they will ex-
periment with pfocessual models and qualitative analyses of social and
environmental relations. For the present, I use the concepts of systems
theory as an instrument: first, to isolate and define selected elements
and, secondly, as a tool of analysis to help explain the interrelation
of variables in the system studied. Watt (1968:7) has suggested that
survey and qualitative analysis of previously unassembled materials
is necessary before more rigorous methods can be usefully applied and

interpreted.

Qualitative Analysis:

Each salmon technology complex (STC) is defined as a set of

elements standing in interrelation. The elements are thus to be analyzed



- 14 -

on the basié of their constitutive characteristics, to borrow a term

. from Bertalanffy - (1973:54-55), that is, not on the basis of the sum
of elements, gut of their relations one to the dfher. Bertalanffy
regards such a formulation of systems principles to ‘be "intuitively
accessible" (ibid). The argument in Part Three is a non-formal
methodological épproach, developed to utilize intuitive categories
and inductive reasoning in the analysis of sets of ecological, social,

and technological variables.
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Scope and Limitations

a) This study is not concerned with ideological relations in
Northwest Coast fishing; only a few brief referencés are included in
the text. The most widely distributéd ritual complex, the First Salmon
Ceremony, has been analyzed by Erna Gunther (1926,1928). The ritualist's
role in the Straits Salish reef net fishery has been described by both
Stern‘(1934) and Suttles (1951). In Waterman and Kroeber's comprehensive

study, The Kepel Fish Dam (1938), both the technology and ritual that

attended the annual installation of an important weir are treated. With
these notable exceptions, it appears there was less ritual associated
with fishing than with land and sea mammal hunting. The whale complex
on the west coaét of Vancouver Islana and at Cape Flattery was highly
elabdrated, but practices did not extend to fishing. Several informants
reported that no magic was needed for fishing (cf de Laguna:1974;

_ Elmendorf:1960). Profane beliefs were common: charms, lucky hats, and
other such universgl phenomena. In many Northwest Coast sdcieties,‘
women of c¢hild-bearing age observed special restrictions in relation

to salmon fishing gear and sites. Any future study of social constraints
on women in this context must use a broader sample than the Northwest

Coast because the occurrence is wide-spread.

b) The entire geographic continuum which forms the Northwest
Coast culture area is subject.to this investigation; that is, Yakutat
Bay, Alaska, where the northern-most Tlingit group lives, to the Wiyot

at the mouth of the Eel River in Northwestern California. The features
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of the culture area have been described by many writers, notably

Kroeber (1939), Driver and Massey (1957), and most recently, Jorgensen
(1980). Twenty-four ethnic groups are included (see Table I ). Omitted
are the Nooksék, Chemakum, Chehalis, Cowlitz, and Nitinat for whom there
was insufficient.data. The names used follow Suttles' (1978) map. It
is intended that the scopé of the study be broad rather than intensive,
so that pat;erns of resource use over the whole region could be
demonstrated., In addition, I believe that a wide geographical basis

on which to éonstruct conclusions is more sound methodologically.
However, the advantages of a close examination of the salmon fishery

within each ethnic or linguistic division is necessarily sacrificed.

c) This is a synchronic, not an historical study. It represents
the fishery as it existed in the past prior to colonization and white
settlement; on most parts of the coast 1850 is a roqgh threshold date.
The maritime fur trade had declined by this time, but new trading posts
were being built for the land-based trade. Introduced diseases had
already effected a population decline, changes in exploitative and
residency patterns were well advanced, and the breakdown of coastal
village communities had begun.

By "traditional' I mean those techniques considered by
successive generations to be appropriate resoﬁrce use strategies in
the Northwest Coast ecological context. These are fishing techniques
handed down from one generation to the other. The subject of origin
is not considered. Without reference to other types of models, the

use of diffusion theory is inadequate to explain the occurrence at
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TABLE 1

ETHNIC DIVISIONS

Region Division = - Sub-division Language
Language Group (cited) Family
Northern 1 Tlingit Tlingit
2 Haida Skidegate, Massett = Haida °
3 Tsimshian ' Tsimshian
Gitksan-Nass
Coast Tsimshian
Wakashan 4 Northern Kwakiutl Wakashan
Haisla
Heiltsuk
5 Bella Coola Salishan
6 Southern Kwakiutl Wakashan
Kwakiutl
7 West Coast-Nootka Clayoquot, Ahousat, Wakashan
: ' Hesquiat, Moachat
8 Makah Wakashan
. Salishan 9 North Gulf Salish Salishan
Comox
Sechelt
Squamish
.10 Halkomelem Stalo (Musqueam, Salishan
" Katzie, Tait),
i , Nanaimo, Cowichan
11 Straits Lummi, Klallam, Salishan
4 Saanich, Songish
12° Lushootseed Puyallup-Nisqually, Salishan
Skagit, Muckleshoot
13 Twana Salishan
Columbian 14 Quileute Chemakuan
15 Quinault Salishan
16 Lower Chinook Chinook Chinookan
17 ~Upper Chinook Wishram Chinookan
18 Tillamook Salishan
19 .Oregon Coast
Coos Coosan
Alsea, Siuslaw Yakonan
Coquille, Umpqua, Chasta Costa Athapascan
Southern 20 Tolowa ‘Athapascan
21 Yurok Algonkian
22 Karok Hokan (disolate)
23 Hupa Athapascan
24 Wiyot Algonkian
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various places on the coast of_diversifies or similarities in the
technology of salmén production. E;éntually,‘archaeological evidence
will give us a timeédepth perspective. For the present, whether fishing
techniques and deﬁices used'by'Northwest Coast peoples were the result
of retentions from a protohistorical pefiod brought to the coast by
immigration, or to innovations subsequently made, is beybnd the scope

of this study to suggest.
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Introdution Footnotes

1 Jorgensen (1980) has recently suggested this correspondence
between Northwest Coast and other western North American
. societies.
2 . Sundstom (1972) describes the more common symbiotic relation

between fishing and agricultural societies in hlS study of
Niger flshermen

3 I am grateful to David Pokotylo for bringing to my

attention the paper by Schalk, published in an archaeological
journal.
4 Harris (1968) regards the work of Suttles and Vayda as a

- praiseworthy contribution to Northwest Coast studies.
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PART ONE -- SALMON TECHNOLOGY COMPLEXES: the ethnographic record

INTRODUCTION

Who the first peoples were to settle on the Northwest Coast
at a river mouth or sheltered cove, no one knows. Perhaps they came
downriver from the interior, or had made their way gradually along the
coast looking for new food resources. Every nation had its own story
about the First People, and how they came to live by the sea. The
fabulous gift of "Salmon-Bringer" is a feature of the mythology. As
centuries passed, many diverse people migrated to riverine and coastal
locations, each bringing with them a 'cultural kit' filled with different
sorts of knowledge; tools, and skills. In time the region was
inhabited by more than twenty language groups, some of whom left
linguistic antecedants in other parts of the continent, but others
who spoke languages knbwn only on the Northwest Coast. ,Whatevgr their
origins, each societj adapted to the new conditions of a maritime
enviromment, selectively utilizing its resources and developing new
forms of expertise.

The use of salmon products gave the region relative economic
security because of two complementary systgms: salmon resource
exploitation, through the appropriate use of technology and skills;

S ~
and preservation techniques that made possible long-term storage of
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salmon food products. While only the first of these two systems is
examined in this study, I wish to acknowledge that both the male-
dominated activities to procure salmon and the female-dominated sphere
of salmon preservation énd storage were essential to Northwest Coast
societies.

In this initial chapter, Northwest Coast salmon production
strategies are presented within the context of reciprocal relationms.
Ecological, social, and technological variables pertinent to the success
of resource utilization are considered. Twelve salmon technology
complexes are introduced. These can be described as independent
operating systems each of which had potential capabilities to extract
the salmon resource at one or another of the time-space segments occupied
by the migrating runs. T s@ggest that resource users selected the
technical system that best suited the conditions of the fishery site.
That is, for any given combination of ecological features at a site
there was one salmon technology complex that was more éfficient than
" any other. A commentary on thé distribution of salmon fishing methods
is included in context, supported by maps indicating which ethnic
divisions are reported to have used the complex. (Note: a listing of
the references éited to obtain these data for each type of fishing

system is contained in the Appendix.)
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‘SALMON TECHNOLOGY COMPLEX 1 - TROLLING

The inshore trolling fishery operatéd in coastal waters
_arOuhd Vancouver Island and its adjacent straits and sounds. To troll
is to fish for salmon with a baited hook drawn behind a moving canoe;
it was the only salmon technology complex to use a lure. Long trolling
lines of kelp, whale sinew, or nettle fibre drew a composite hook which
had a bone point and wooden shank lashed together to make an acute'
‘angle. Midway between the canoe and the hook, a small sinker would be
joined to the line.

Only two species —- coho and chinook -- commonly rise to bait
in these waters. A herring was secured on the hook by a method that
made. it appear to be, with each stroke 6f the fisherman's paddle, alive
and still swimming. Jewitt (1967[1815]) gives an early first-hand

account of trolling among the Nootka (c.1803-1805):

One person seats himself in a small canoe, and
baiting his hook with a sprat, which they are
always careful to procure as fresh as possible, ,
fastens his line to the handle of the paddle; this,
as he plies it in the water, keeps the fish in
constant motion, so as to give it the appearance

of life, which the salmon seeing, leaps at it and

is instantly hooked, and by a sudden and desterous
(sic) motion of the paddle, drawn -on board.

(p.68)
The presence of live herring in the waters to be trolled was an important

consideration. Swan (1870:24) notes that the Makah would not go out
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after salmon "even though the waters be alive with them" unless

herring were present.

2. Types and Materials:

The gear consisted of a composite acute-angle hook, a leader,
sinker, and long trolling line. The usual type is ;hat described b&
Boas (1909:fig.155, 485-6) consisting of a hook with a wooden shank
and a bone barb lashed together. A second type, an ironwood steam-
bent hook, (Smith:1940:254) was less commoﬁ,’ The fine line used for
the leader is not adequately described. The sinker, where it was used,
was attached with cedar withes or cherry bark. Drucker (1951:41) says,
howevef, the weight of the bait was sufficient for trolling in Nootkan
waters since the hook was not deeply submerged.

.The preparation and manufacture of fibre trolling lines was
labour-intensive. Boas says lines were 16 to 18 metres long, made of
kelp line or nettle fiber. Whale sinew trolling lines were used by
Nootka fishermen, kelp lines by the Makah, ana kelp, nettle, or willow-
bark twine by Straits Salish. Swan (1870:24) gives a very detailed
description of the preparation of kelp lines.

Trolling was usually done with a single hook. The Makah
weré'the'only group reported to have attached multiple trolling hooks

to their lines; they used gangs of up to thirty hooks.
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3. Distribution:

Trolling complex is centred in Wakashan and Salishan
territories. There is archaeological evidence to suggest that the
Coast Tsimshian also used trolling methods. Salish people extended
salmon resource availability by trolling prior to seasonal spawning
runs in the channelsrof Rosario and Haro Straits, offshore near
present—-day Victoria, and around the Gulf Islands. The Nootka secured
large éupplies of salmon by trolling the inlets, coves, and lee side
channels of their off-coast islands. Althoughibrucker said that most
of the trolling catch was consumed as fresh food, Sapir and Swadesh
(1955:30,41,45) were told in 1910 that Nootkan‘resource user-groups
preserved the early-aﬁtumn coho caught by trollers. What proportion
of the total -catch this represented is not estimated.

The centre of importance in the trolling fishery was the
entrance to the Straits of Juan de.Fuca. Here Makah fishermen exploited
the Fraser-bound runs of chinook and coho. Trolling was the dominant
mode of salmon production for the Makah, accounting for almost all
their winteér provisions of dried salmon, in addition to fresh con-.
sumption in the summer months. No other Nofthwest Coast people had
such an iﬂtensive trolling fishery.

Few firm estimates of productivity are available. Jewitt
(ibid) reported twenty to thirty canoes trolling in the cove which

returned after a morning's fishing with eight to ten large salmon each.
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Figure 1

Northwest Coast Culture Area

Salmon Technology Complex 1 - Trolling
(see Appendix I: Table X).
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4. Social Variables-

In the straits and sounds of the central Northwest Coast
trolling waé unrestricted by rights of access. The rich reserves of
salmon at the entrance to Juan de Fuca were open to the Makah fishermen
in common. But the Nootka data (Drucker:1951:251) suggests that since
all territorial prerogatives resided-in the chief no one could go
trolling until he had formally opened the season.

A fisherman-usuallY‘trolled alone in his canoe but fished
in the same genefal area as others. There is no indication. that the
means of production (trolling lines and hooks) was other than individual
and privéte. Mﬁch labour went into.the manufacture of the long lines

required.

5. Ecological Variables

The waters at the approach and entrance of the Straits of
Juan de Fuca, as well}aé offshore fishéries on the West Coast of
Vancouver Island, once significant resource areas for traditional
trollers, are now the most productive commercial trolling locations
(INPSF:IX:BULL.16 pp.1-73).  Chinook salmon enter these waters early
in spring (ibid:70); coho arrive later, beginning in July and
continuing through the summer months (ibid:14). Many local run
variations affeétvthe'timing. ‘On the west coast of Vancouver Island,
for example, coho run in the streams in October (INPSFEIV:ZB:p.3ll).

In the Gulf of Georgia both coho and chinook are resident throughout
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the late spring and-early summer feeding on herring and other sméll
prey; a few stocks remain in the Gulf permanently.

Unlike other salmon technology complexes, trolling is
defined by specific reference to Salménjcharacteristics rather than
by hydrological features. Water speed and turbidity play a minor
role in the operation of the trolling hook. The main requirement is
the presence of a species of salﬁon that will take the lure. Secondly,
as the Makah data reports, the trolling site must have in appreciable
numbers a natural prey for salmon to feed:ﬁpon. The question raised
is why the coincidence of these ecological features was not exploited

beyond the coastal waters of Wakashan and Salishan peoples?



- 28 -

SAIMON TECHNOLOGY COMPLEX 2 - SEINING

1. ‘Contextual Description

The principle of the seine is to encircle and impound many
salmon at one play of the net. The gear used on the Northwest Coast
consisted of a flat net, long and narrow in shape,.hung vertically in
the water, and equipped with floats, sinkers, and guide lines.
Traditionally operated as a beach seine, as in the lower reaches of .
the Columbia River, it was played out in an arc in the currents near
shore on an ebbing tide. A beach free of obstruction was needed to
land the net..

Seine nets are among the oldest of fishing devices known to
man and were widelybdistributed. Driver.(l939) described the Northﬁest
Coast beach seine as a 'true seine', Both salmon and non-salmon -

' species can be captured on the principle of 'surround-and-enclose'.

Yet within traditional Northwest Coast systems the seine had a limited
economic importance to all but a single grbup, the Chinook people
living at the mouth of the Columbia. The seine fishery was the primary
producer of salmon for the Chinook. |

In the first decade or two of the nineteenth century several
non-native observers recorded their impressions. of the intensive seining
fishery on the Columbia (1).. It was operated in late spring and early
summer for chinook salmon. Great. quantities of salmon were caught
and processed; many for use in the far-reaching trading network of

which the Chinook and Wishram peoples were an integral part.



- 29 _

The following account, reported by Swan (1857), who was on
the lower. Columbia when the impact of poﬁulation decline had already
reduced the effectiveness of traditional production'systems, is
nevertheless most useful. Swan notes small but significant details

in his description of how the seine was operated.

Three persons are required to work a net, except
the very large ones, which.require more help to
land them. The time the fishing is commenced is
at the top of the highwater, just as the tide
begins to ebb. A short distance from the shore
the current is very swift, and with its aid these
nets are hauled. Two persons get into the canoe,
on the stern of which is coiled the net on a
frame made for the purpose, resting on the canoe's
gunwale. She is then paddled up the stream, close
in to the beach, where the current is not so
strong. A tow-line, with a wooden float attached
to it,. is then thrown to the third person, who
remains on the beach, and immediately the two in

“‘the cance paddle her into the rapid stream as
quickly as they can, throwing out the net all the
time. When this is all out, they paddle ashore,
having the end of the other tow-line made fast to
the canoe. Before all this is accomplished, the
net is carried down the stream, by the force of
the ebb, about the eighth of a mile, the man on
shore walking along slowly, holding on to the
line till the others are ready, when all haul in
together.

(p.106)
It is apparent that a knéwledge of the tides and currents, as well as
other local site features, was essential.
Seining néts could be operated at sites in salt, brackish,
or fresh -water. Open bays and,cﬁannels in a sound would provide
suitable landing beaches in some locations, as_would estuaries and

upstream reaches of a river.
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2. Types and Materials

Seine nets are readily distinguishable from other netting
devices by their characteristic size and shape;. they are large, ranging
from 100" to 600' in length, relatively narrow,. and flat. Table II
is a comparison .of reported seine nets for the Northwest Coast area.
The variation in dimensions is'explained by Spier and Sapir (1930:176):
each seine was made to suit the conditions of water depths at the site
in order to.minimize therescapement of salmon.

Great lengths of cordage materials were required to make the
large seine nets. Materials used by the Chinook people were imported
nettie, Indian hemp, or spruce root fiberé. Upriver on the Columbia,
the Wishram fiber was woven with a 3 to 4" mesh for chinook salmon.
Straits Salish people used willow-bark twine for their seipe nets.

Wooden floats and stone sinkers of various sizes and.shapes
are reported. For example, Ray (1938) says the Chinook used one pound
sinkers, grooved and attached with cedar withes, while Spier and Sapir
say the Wishram tied three pound sinkers ten feet apart, directly
below each float.

Adding to the labour-intensive aspect of seine fishing was
the need for stout ropes, 1" thick, fastened along the top and bottom

margins of the nets.
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'TABLE II

COMPARATIVE DIMENSIONS OF SEINE NETS

300 ft

Source Ethnic Division Extent Depth
 Swan (1857), Lower Chinook 100 ft to 7 £t to
Ray (1938) 600 ft 16 ft

Spier and Wishram 100 ft 12 ft

Sapir (1930)

Smith (1940) Puyallup- 200 ft 6 ft to
' Nisqually 7 ft

Suttles (1951) Samish Straits 200 ft to - -
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3. ' Distribution

Seine nets were operated in Salishan, Columbian, and.
Northwestern Califorhia'regioﬁs, but not in the Northern and Wakashan
territories. Local resource user-groups among the Comox, Squamish,
‘Nanaimo and Cowichan, Samish and East Saanich.communities reportedly
used the beach seine but no indication is given of its relative
importance as a sélmon fishing technique. Suttles (1951:139-40) re-
ports tﬁe Samish people used the seine at the mouth of the Samish
River in late summer, after returning from the reef net fishery.

A little further‘south, in Puget Sound, the Puyallup-Nisqually
(Lushootseed) used the seine net in"salt water, among the bays and
channels of the Sound (Smith:1940:263; Haeberlin & Gunther:1930:28).
A neighbouring group, the Twana, howeVef, specifically denied the use
of seines.

There is mno doubt that the centre of importance for the
seining complex was in the region of the Columbia. Seining was the
dominant mode of salmon production used by Chinook people to exploit
the important chinook runs on the lower Columbia. Ray (1938:107)
refers to it as the most productive method of salmon fishing. An
uprivef adaptation reported for the Wishram by Spier and Sapir in-
dicates the versatility of the seine, used in this case many miles
upstream from the productive lower river fishery. Exact geographical
locations are specified both for the Wishram and for the Lower Chinook
so that it woula'benpossible to research the site conditions where

Columbia River seines oncé operated.
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Figure 2

Northwest Coast Culture Area

Salmon Technology Complex 2 - Seining
(see Appendix I: Table XI)
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The productivity of seine nets-on the Columbia is estimated
by Swan (1857:107) and Ray (1938:107) to have averaged forty salmon
per set. Swan noted that a set of the net may yield nothing one time

and plenty another:

Sometimes the net is hauled repeatedly without

success; but in seasons of plenty, great hauls

are often made, and frequently a hundred fine

fish of various sizes are taken at one cast

of the seine.

(ibid)

Considering chinook salmon are the largest of the five species; forty
fish would yield more than 1,000 pounds of salmon.

In Northwestern California the seine complex'is reported as
a generalized but not significant fishery. Kroeber and Barrett (1960)
point out that most rivers in the area are too fast for the use of
seines, although at some places in the lower courses currents are

sufficiently slack. They also cite bays, estuaries, and lagoons at

river mouths as suitable places to use the seine net.

4. Social Variables

Right of dccess to seining beaches in the Columbia and
Salishan regions is not specified in the literature. In Northwestern
California sections of riverfront access were de jure property but
ownership of seining beaches per se is unclear. Kroeber and Barrett
infer that less important fisheries were open to anyone; they include

those operated by gill nets and trawls in this category (1960:4).
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At the same time, they suggest that seining beaches were limited in
number which may indicate use rights were privately held.

Only wealthy user-groups couid afford. the seine, according
to Smith (1940:263) in reference to the Puyallup-Nisqually. The
organization of labour effort required .to manufacture and maintain
large seine nets put the technology beyond the means of people with
limited resource capabilities..

It took a collective effort to operate the beach seine. The
minimum number needed to work a.small net (100') was three men; a seine
600' would require many more, perhaps six to eight men. There are few
clues in the literature to explain how labour was organized, and no

information about the catch division.

5. Ecological Variables

The seining complex shows a correlation to chinook salmon
production on the Columbia, both at the bfackish bays of the Chinook
people and at upstream Wishram sites. Gibbs (1877:194) noted in 1855
that inland groups traded dried chinook supplies downriver to coastal
groups; springs caught further upstream Wére less o0ily, and better
preserved. Throughout the niﬂeteenth éentury and for precéding
millenia the Columbia River watershed was the centre of chinook salmon
abundance on the Pacifié coast. . Gibbs (ibid) in his survey of the
territory wrote what may be the earliest report on chinook |

characteristics.
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...(springs) do not seek either the small rivers.
of the coast or the lower  tributaries near its
mouth for the purpose of spawning, but push
directly up the principal branches, such as the
Willamette, the Snake, etc., to the colder
waters of the mountains. In this they are
assisted by the simultaneous occurrence of the
freshets which enable them to overcome the.
obstructions with greater ease.

Since chinook. linger in the lower feaches before making their ascent
to high water Chinook fishermen had an extended seasonal access to the
runs. There were suitable beach sites where the seine could be landed.
Swan mentioned in particular the fine sweep of beaches in Baker's
Bay where the rivér widens, protected from the sea by the famous bar
of the Columbia.

All the other salmon species were also fished with the seine,
notably coho salmon which were specified both for the Columbia fishery
and as the species caught at the mouth of the Samish River by Straits

Salish fishermen.
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SALMON TECHNOLOGY COMPLEX 3 - HARPOONS

1. ‘Contextual Description

Northwest  Coast composite toggling salmon harpoons were
efficient missiles used to impale and retrieve the prey. 1In the
ethnographies the terms 'harpoon', 'spear', and 'spearing', in relation
to salmon fishing, referAto one essential form: the toggling head
salmon harpoon. Fixed:spears and leistefs, useful implements to
retrieve salmon from an enclosed space, could not be employed to
capture a fish 'so strong and full of fight as salmon. As Kroeber and

Barrett (1960) stated:

For use on land the spear was in most regions
preferred to the harpoon, probably because re= .
‘tentjon of game by a line was difficult or
‘impracticable on land, whereas. the harpoon thrust
or thrown from shore or boat into fish...rarely
fouls its line in water and enables the hunter

to retrieve his prey.

In (Northwestern California) the true spear is
so little used in fishing that it becomes quite
secondary to the harpoon. 1In fact, about the
only spears employed are the sharpened pole
used for the flat fishes on tide-water flats
(i.e., not salmon)...The harpoon, with its
toggle head or heads, was used for larger
fishes.

(1960:74)
Similarly, Oswalt concludes in his extensive study of hunting and

fishing technology that spears were not used to capture salmon.
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 Without belittling the importance of leisters,

we can note that they probably were not an im—

portant means for obtaining fish except under .

certain circumstances. When fish were plentiful,

in shallow water, and restricted in their movement

as by a tidal pool or weir, the harvest with

leisters could be great. However, since a leister

usually was designed to impale one fish at a time,

the form was a rather inefficient means for taking

most fish on a large-scale basis. Facilities such

as nets and traps were far more effective and more

often employed.

(1976:94)
Common usage of the words 'spear' and 'spearing' in the literature has
led to some confusion on this point. Nevertheless, the implement
described, typically, is a toggling harpoon. It is apparent that over
time steady spears and leisters were superseded by the improved
technology of composite toggling salmon harpoons as a primary mode of
fishing.

A wide range of locations were suitable for daylight fishing
with a harpoon providing the water was clear enough to see the fish.
Men used the harpoon from canoes in the estuaries where salmon congre-
gate, or at river bars, confluencés, and in clear shallow streams.

Night fishing was also common. The flicker of torchlight brings curious
salmon to the surface of the water within range of the harpoon.
Halkomelem people fishing at night set up a blind on the canoe so their
shadows would not fall on the rivér'and frightén fish away (Duff:1952:
67). Massett Haida fishermen had a similar night shade on their canoes,
and the Skidegate Haida and Bella Bella Kwakiutl used the harpoon at
night without torches when the sea was phosphorescent (Drucker:1950:240).

On the West Coast, the Nootka fished at night off the mouths of rivers;:

Sproat (1868:221-222) saw thirty canoes at a time, each with one man '

steering and.the_other standing in the bow with his harpbdn.
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The proper use of the harpoon is a highly skilled activity.
Stern (1934) watching Lummi fishermen at low tide along the river

channels of the estuary, reported:

1 gobd'spearsman.usually strikes the spinal
cord of the fish and kills it at once.

(ibid:51)
When Jewitt accompanied Maquinna on a fishing expedition he made this

observation:

I also went with him several times in a canoe, to
strike the salmon, which I have attempted to do
myself, but could never succeed, it requiring a
degree of adroitness that I did not possess.

(1967.:[ 1803-1805] :88)

Typically, the harpoon was thrust, not thrown, into the fish.

2. . " Types and Materials

Northwest Coast harpoons were finely-made complex pieces of
equipment. Ihe three-part composite harpoon head consisted of two
flaring bone hafts and a point insefted between them made of bone or
antler. The head was wrapped and covered with pitch; it was attached
to the foreshéft by a line. Single-head harpoons were the principal
type used in tﬁe North, and double-head harpoons with two divergent
foreshafts were common from the Wakashan region south. Both types

were constructed on the same model.
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(a) . head: a plain bone point inserted between
- ‘two bone hafts which have been carved
to fit or softened by boiling; this
then lashed with sinew, cherry bark,
or other binding material, and pitch-
coated.

size - 2% to 4" long
(b) foreshafts: divefgent foreshafts of equal or unequal
length were made of hardwood or ironwood,
2 to 3 feet long, and fitted to a socket
at the base point of the head.
(c)  shaft: made -of fir or pine.
size range from 8 to 18 feet in length.
(d) lihes; made either of stout éordage materials

(cedar bark) or, as a 'leader' (lanyard),
of elk or deer hide.

Elmendorf provides a functional description:

A line ran from-the'lashiﬁg midway of each head

and was attached to the shaft back of the foreshafts.

The lines from the heads were slack when the heads

were attached. -When a fish was.struck the head

detached, and the line attachment to the middle of

the head acted as a toggle, pulling the barbs ,

sideways in the flesh. The struck fish was played

and landed with the shaft.

(1960:78)

Binder lines were tied in different ways; Boas (1909:489 Fig. 156)
illustrates the line running the full length of the shaft back to the
fisherman's hand.

Fixed Spéars and leisters, as mentioned previously, were mainly
used to remove sélmon at traps and weirs, or occasionally to catch .

them in creeks and streams. The leister, which had a wide distribution

in the north, is a particularly good retrieval implement. Its two



Figure 3

Northwest Coast Culture Area

Salmon Technology Complex 3 -~ Harpoons
(see Appendix I: Table XII)
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outer prongs. recurve inward toward an interior central prong.
Archaeological evidence indicates spears were used on the Northwest
Coast for thousands of yearé. An early form was the fixed spear with.
barbed one-piece head of'cérved bone or antler. Its use continued

into the historic period.

3. Distribution

All.Northwest Coast ethnic groups exploited salmon with the
harpoon. Becéuse of the diversity in salmon fishery locations where the
harpoon could be employed, every local resource user—group had suitable
sites. What is not clear in the literature is the relative economic
importance of harpoon technology. One source estimated that for the
Nootka harpoons ranked second only to trapé (Sproat:1868:221-2). 1In other
prbduction estimates, the harpoon ranked sécond to weir technology
(Tlingit, Haida, Twana); and third to nets and weirs (Chinook, Wishram,
Quileute).

The productivity of harpoon fisheries is seldom réported.

1)

Sproat (ibid) witnessed "a favourable catch" of forty salmon caught in

a morning's work by one harpooner.

4. Social Variables

The Wishram in the upper‘Columbia and the Tsimshian on the
Skeena built spearing stations in the narrow channels and eddies of the

rivers. On the Columbia each station had an overseer, and six to ten men
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who claimed use rights to the site. Any one of thém "might pre—empt
the‘best-spot temporarily"'(Spier and Sapif:l939:175—6). Columbia
River spearing-stéﬁions were highly valued properties. Ownership of
the site was held by a lineage group and other people were not permitted
to fish there. A harpoon was the private property of the individual;
it was said,."each man fished with his owh:spear" (ibid).

In other regions, ownership rights that affected resource
uéér grouﬁs when they fished with the harpoon were vested in salmon
streams. Among the Haidé, Tlingit, ana Tsimshian, for example, island
streams and the tributaries.of mainland streams were owned in their

entirety by lineage resource holders.

5. Ecological Variables

Water clarity is the essential variable for daylight fishing'.
with a harpoon; but.other factors that may'afféct the movements of
salmon -- currents, saliﬁity; and thermal conditions -- had to be
éonsidered-by the hafpooner. Salmon swim at depths of three to five
feet and deeper (Cf'Duff:l952;re.Fraser River stocks). Individual
stocks of salmon display characteristic éelays off the mouth of a
river‘that could be exploited by local resource users.

.On the Frasér ahd its tributaries, the harpoon is associated
with early spring when the water is low and clear, before the freshet.
Later the river is too silty for spearing. Chinook were taken with fhe
harpoon in ‘spring; in late fall Halkomelem people fished for coho on

the Fraser with the aid of torchlight.
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Spearing stations in the.caﬁyons of ‘the Columbia were made
to suit the autumn water levels of the river. They were constructed
separately.from dip net stations-tO'COrrespond to seasonal variations
of the flood stagé. Whereas dip.netting was a summer technique,
harpooﬁé were used on the Columbia in the fall. Late runs of chinook .
would be available then, as well as coho, chum, and some late running
sockeye stocks.

Fishing ‘at the mouths of streams and rivers, or in smaller
island rivers, the Haida, Tlingit and Tsimshian used the harpoon to take
all species of salmon. de Laguna (1972:384-385) recorded a speariné
fishery for chinook salmon swimming three-feet‘belowithe'surface at the
mouths of rivers; fishermen thrust the harpoon from a canoe into the
'clear wafer. 'Dawson (1380:109—110) also'repofted,Haida fishérmeh with

harpoons in the estuaries of streams.
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SALMON TECHNOLOGY COMPLEX 4 - TRAWLING

1. " 'Contextual Deéséription

The tfaditional trawl net intercepted salmon ascending the
stream by.the use of a large net towed between tworcanoesf The
canoes, manned by two to four men each, were paddled downstream at a
rate that slightly exceeded the speed. of the éurrent so that the bunt
of the net billowed out. A wide-mouthed conical net was the common -
type used. It was equipped with a towing rig of poles and ropes to
support the mouth of the net, holding it open. When the catch was
made the canoes cloéed in together to take up the net.

Alexander Mackenzie witnessed the use of a trawl net in the

lower reaches of the Bella Coola River, July 19, 1793.

The men were fishing on the river with dragnets
between two canoes. These nets are forced by
poles to the bottom, the current driving them
before it; by which means the salmon coming up
the river are intercepted, and give notice of
their being taken by the struggles they make
in the bag or sleeve of the net.

(p.371)
Another early reference to trawling was recorded in the journals of
Simon Fraser (July 7, 1808) when he was in the vicinity of Upper Stalo

'(Halkomelem) villages on the Fraser.

In the evening we observed the Indians fishing;
their nets, which resembled purses, were fixed
to the end of long poles and dragged between
two canoes.
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Trawls work best in turbid waters where the stirred up .-
sediment helps to obscure the net; silt-laden rivers like the Fraser
and streams swollen after a freshet reduce the visibility for salmon.
Trawls were also operated at night, or at the half-light of dusk or
dawn. The critical water features were moderate, steady currents and
a level streambed with depths of at least six to seven feet.

" Trawling was.feported.at locations in the estuaries and lower
reaches of important salmon rivers. . Suitable locations in tﬁe Fraser
also were found some distancée upstream from the river mouth. .Here'the
size of the river made it impossible to construct dams or weirs but

feasible to operate a trawling fishery,

2. Types and Materials

The different styles of nets.and rigs used to trawl led to a
confusion in terms in the etﬁnograﬁhic accounts. Trawls are ffequently
called dragnets or bag nets and, iess frequently, bag seines, river
seines, drift nets, drifting bag nets, pocket néts, and single drifting
bag seines. Following Drucker (1950) and Suttles (1951) I use the
term 'trawl' to describe the process, reserving the use of more
specific words for tjpes within the category. -

The main division in types of nets is between flat and conical
shapes.

a) Most common is the conical net drawn on poles with a rig

of ropes, floats, and corner sinkers. The Quileute trawl is an example:
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The dragnet was bag- or pocket-shaped, coming to

a point at the closed end. It was suspended

between canoes and operated as they floated down-

stream. The mouth of the net was held open under

water by means of a line from each canoe tied to

the upper edge of the mouth and a pole from each

canoe pushing down the lower edge of the mouth.

Light lines were passed across the mouth of the

submerged net and held in the hand of the

fishermen as feelers. 'When these lines vibrated,

it was known that a fish had entered and the

poles were pulled up, thus closing the net.

(Pettitt:1950:7)
Olson describes the trawl used by the neighbouring Quinault as very
similar to this; his explanation is that the poles were tied to bottom
sinkers, while the cord was tied to the upper corners (1936:29-30).

In Northwestern California the conical net was set on an A~ -
frame and trawled with special rigs. The net was the self-same object
used as a lifting net (dip net) on other occasions (Kroeber and Barrett:
1960:53).. There are reports that two of the large A-frame nets were
attached to rigging and towed together, forming a double conical trawl
net, unique to the Yurok and Hupa. In the same region, the Klamath River,
the more common conical net was also employed.

b) The drifting bag seine was a flat net used as a trawl..
Among some groups it was mounted on poles, but it was also rigged with
rope and trawled in the same manner as the conical net, so that it
billowed out to form a bunt. Floats, sinkers, and bone rings were used
on the flat net (Table III shows. the main divisions of trawl net types
throughout the Northwest Coast).

Landing the trawl net required a fine sense of timing and

careful manipulation of the gear. When the net was ready to be taken

up the two canoes moved in together, at the same time increasing their
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TABLE IIT
) TYPES OF TRAWL NETS
~Source Ethnic Divisiona Trawl Net Type Rigging Gear
Niblack (1890) Haida flat poles
Mackenzie (1793) Bella Coola conical poles
Duff (1952) Halkomelem ~ Tait 1 conical poles
2 conical ropes.
Suttles (1955) Halkomelem - Katzie flat ropes
Smith (1940) Lushootseed flat poles
Haeberlin & Gunther Lushootseed . conical poles
(1930) .
Pettitt (1950) Quiléute ) conical poles
Olson (1936) Quinault - conical poles
Driver (1939) Tolowa conical _—
Kroeber & Barrett Yurok "1 conical poles
(1960) 2 double conical trapezoidal
‘ _ frame or poles
3 flat rope
Driver (1939) Karok conical -

8selective listing of examples
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speed sufficiently to keep the catch in the net; then they taised and

twisted the poles to 1lift the heavy net'intoIOné of the canoes. .From

there the catch was discharged into the other canoe (cf Duff:1952:69).
Materials used for the nets included nettle fiber, Indian

hemp (Apocynum cannabium) and, in Northwestern California, the leaf

of Iris macrosiphon. Cedar bark ropes were common in many areas.

Netting mesh size was unstated. - Table IV compares the dimensions
reported. The conical net opening was -either rectangular or (in North-
western California) trapezoidal; the width was typically 2-3 times

the height.

3. Distribution

Some ethhic groups in every region‘of the coast used thé
trawl. The distribution of the complex is correlated to major river
systems and other important salmon rivers.  Rivers specified as trawling
locations are: Atnarko-Bella Coola; the lower Fraser and its tributaries
(the Pitt, Alouette, Harrison and Chehalis); Squamish; Columbia; Quileute
and Quinault; and the Klamath River. Two major rivers not specifically
identified in the literature are the Skeena and Nass Rivers. The
characteristic use of trawls at river mouth locations and in the lower
courses of large streams was reported for all groups living at the
estuaries of the rivers just itemized, and for the Haida. A smaller
upriver adaptation of the trawl was used on the Skagit and Nisqually

Rivers in Puget Sound.
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TABLE IV

COMPARATIVE DIMENSIONS OF TRAWL NETS

Source _Ethnic Division Width at Height at  Depth.
opening opening of net
Drucker (1950) All Northern and 12 £t2 to 6 ft to 18 ft to
Wakashan groups 24 ft 12 ft 24 ft
Duff (1952) "Upper Stalo 12 ft 3 ft 'several
: Halkomelem fe '
Smith (1940) Nisqually 12 ft 6 ft flat net
Olson (1936)  Quinault 10 ft_ 4 fr 10 ft
Kroeber and Northwest 4.5 ftb};g'f 1.5 ft 8 ft
6.5 ft

Barrett (1960) California groups

a - .
“Converted to ft from fathoms.

bTrapezoidal opening., Converted from metric.



- 51 -

Figure 4 .
Northwest Coast Culture Area

~ Salmon Technology Complex 4 - Trawling
(see  Appendix I: Table XIII)
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Frequency indications are not available. The productive
potential of the salmon trawl suggests that it should be ranked as an
important mode of production for local resource groups exploiting
estuarial sites. The Stalo (Halkomelem) on the Fraser could exploit
an appreciable abundance of salmon in the lower course of the river by
trawling. Potentially high yields were possible during the main rums.

On the Atnarko-Bella Coola system when Alexander Mackenzie was exploring
the waterway he encountered a chief, whom he had previously met, trawling
with a crew of men. In his journal, July 24, 1793, he noted: '"He was
seining between two canoes and had taken a considerable quantity of

salmon" (1970: 1793 :385).

4. Soéial Variables

An intensive labour investment was required to produce the
netting and cordage for large trawl nets. Suttles (1955:22) speaking
of the Katzie (Halkomelem) reports that the trawl net was "too valuable
for every man to own, being made of quantities of material that was
obtained through trade with the Interior". Even where local materials
were used, a trawl net represented many hours of -labour to produce.
Data collected by Suttles verifies thaé as a means of production, trawl .
nets were 'capital goods' owned by Salish men of rank. However, use
rights to resource areas where the trawl could be operated was

apparently unrestricted, and open to local resource groups.
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5. Ecological Variables

Any species of salmon could be caught with trawling gear but
it was operated in most areas during the runs of chinook and sockeye.
Chinook salmon enter the streams in late spring-early summer in most
northern and central rivefs. in the south, the rivers in Northwestern
California have important fall runs of chinook. Kroeber and Barrett
(1960:41) repoft that the Klamath was best for trawling in the autumn
when water volumes and velocity had decreased.

Typiéally sockeye run in late summer and were taken in trawls
on the Atnarko-Bella Coola in July, and on the Fraser in August and
September. An early run of sockeye enters the Quinault River in May
when the stream is stirred up by freshets and suitable trawling
conditions exist. Turbid Watefs were pfeferred‘to obscure the net.

In the river deltas where bars and shoals restrict the
Vertical subsurface dimension through which salmon runs must pass, the
trawling net had an advantage. Hill-Tout (1907:90) recorded fishermen
trawling off the mouths of the Fraser River on the tidal flats. Changes
in tidal currents would no doubt effect the speed and manipulation of
trawl nets. In tidal waters the net would have to be dragged against
the current on an incoming tide.

To summarize the main ecological variables: the trawl was
suitable in rivers with large salmon runs, moderate currents, turbid

waters and appropriate water depths for the net.
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SALMON TECHNOLOGY COMPLEX 5 - GAFFING

1. Contextual Description -

People on the Northwest Coast fished with the gaff in roily
or turbid streams, impaling the salmon by the action of a sudden upward
thrust of the shaft. Differing techniques were used depending on the
fishery location. One was to gaff from the bow of a canoe. The
fisherman allowed his gaff to ply the depths of a stream, hook facing
downriver, while his partner gently paddled or allowed the current to
carry the canoe along. We have two early accounts that describe this
process; the first was written by Harrington who visited Tlingit

territories early in the 19th century.

Especially cohoes ‘are to be obtained in riled
water such as comes from glaciers. The Indians
row up a muddy river and as they float down hook

. cohoes from the muddy water. at various places.
The cohoes are swimming up and the gaffers are
drifting down. .

(Harrington: in
de Laguna:1972:386)

In the second, Swan describes gaffing at night on the Palux River, a

salmon stream that flows into Shoalwater Bay in Chinook territory.

As the boat drifts down with the tide, the pole,
with the hook attached to it, comes in contact
with the salmon,; who...are generally quiet as
soon as the tide begins to ebb. . As soon as the
Indian feels the fish, he jerks up the pole,

and rarely fails to fasten the hook into the
salmon, who is then pulled on board...The whole
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operation requires a great deal of dexterity

and practice...for the salmon is a very.

powerful fish, and a large one makes a great

commotion when hauled to the surface...

splashing and thrashing about in a fearful

manner. '

(1857[1853] :137)

A stout binder line from the hook to the shaft ensured that
the struggles of the fish would not cause the shaft to snap in two.
To be efficient as a salmon fishing implement the line was important.
The evolutionary step that occured with the addition of a detachable
hook, to take the strain of a iarge fighting salmon, moved the gaff
from its former function as an accessory to a primary production method.

Thevdetachable hook and binder line were a technological advance that

produced an incremental improvement in its use for salmon fishing.

Gaffing may be considered complementary to spearing technology.

The requirements at harpoon fisheries afe clear water and good
visibility; gaffing sites were just the opposite, roily, stirred up
waters or poor light conditions. Silty rivers after a run off, or‘
riffles and rapids in the stream, provided suitable gaffing places.
Night fishing was common. The complex is associated with fall fishiné

for coho and chum salmon particularly in small rivers and streams.

2. Types and Materials

There were:two'main types of gaff hooks: (a) the steamed and
fire-hardened bent wood hook made from a hardwood; and (b)>a long bone

barb fastened at an acute angle to the foreshaft to make a v-shaped

hook. When iron and steel hooks became available, they replaced the -

-~ 7/
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steam-bent wooden hooks. Files and rasps were hammered into shape by
the Chinook (Swan:1857:38), for example, in the early post-contact

period.

Shafts of fir or spruce 18' - 20' were reported as the usual
length.: Smith, however, reports 8' lohg shafts of hazel or fir. The
lashings. of cherry bark or other binding materials were covered with
pitch. Lines are referred to as 'stout cords' (cedar bark rope?)

about three feet in length.

Swan (1857) collected details of the construction:

... (the hook) is in size as large as a shark-hook,
having a socket at one end formed of wood...The
socket is made from the wild raspberry bush

(Rubus spectablis), which, having a pith in its
centre, is easily worked, and is very strong.

This socket is formed of two parts, which are .
firmly secured to the hook by means of twine,

and the whole covered with a coat of pitch.
Attached to this hook is a strong cord about

three feet long. A staff or pole from eighteen

to twenty feet long, made of fir, is used, one end
ofwhich is fitted to the socket in the hook, into
which it is thrust, and the cord firmly tied to
the pole.

(p.38)
The steam-bent wooden hook, and . later the iron hook, were more common
than the v-shaped hook, and possibly more efficient. But botﬁ Stern
(Lummi:Straits Salish) and Barnett (other Salish groups) refer to a
detachable bone hook used as a gaff, "fastened to.a socket which fits
into the end of a long pole" (Stern:1934:49). However, Suttles
(1951:142-3) speaking of the same group (Straits) reports a steam-—

bent wooden gaff hook..



- 57 -

3. - Distribution:

Ethnie groups in each of the regions of the Northwest Coast
used the gaff to some extent but its importance decreased south of the
Columbia. Most emphasis-is given for Tlingit (the island tribes, plus
the riverine Chilkat, and the Yakutat), Southern Kwakiutl (Nimpkish),
the Straits, and the Shoalwater Chinobk; the gaff was commonly used
by these groups. Among other Northwest Coast tribes apparently it
was less important although local resource users with access to fall

runs of chum and coho in riled streams employed the gaff.

4, - Social Variables

Notions of‘ownership of.places where the gaff was used are
nof specifically mentioned. The overriding social rules of the owner-
ship of local resource use areas, rivers, streams, and bays, would
prevail.

Since the materials and labour needed to make a gaff are
relatively easy to obtain there were no constraints on ‘access to the
implement; like the spear, it would be the private property of the man

who made ‘it.

5. Ecological Variables

Gaffing is.suited to conditions of fast roily waters, muddy

streams, or night fishing. Most references link it to fall fishing in
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Figure 5

Northwest Coast Culture Area

Salmon Technology Complex 5 - Gaffing
(see Appendix I: Table XIV)
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streams for chum and coho species; while its importance as a
production system is unassessed it is feasible that to local resource
.groups gaffing provided significant food for winter storage.

In addition to the stream fishing from a canoe that has been
described, people gaffed from the riverbanks when the runs were heavy.
In the canyons of the Skeena fishermen used gaffs in the heavy rapids
and torrents, standing on precarioﬁs footholds in the rockface, or on

stagings built out over the currents.
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SAIMON TECHNOLOGY COMPLEX 6 - GILL NETS

Gill nets set near a river bank or along the shore in
sheltered coves ensnared by the gills a salmon as it tried to pass
through the mesh opening. Once caught, the fish can neither retreat
nor proceed. Different net mesh sizes were used for each species.
The head of the fish passed through the net but the gills became
entangled. Several tactics were employed to make nets less visible
to the salmon. They were camouflaged with dyes; or set in streams
obscured with silt. = They were set at night, in which case the fishing
party remained nearby with a small fire for warmth,‘listening for the
signal of a crab shell rattle. They were set at locatioﬁs where the
- runs were heavy, or where salmon came inshore to feed on herring and>

other small prey.

2. Types and Materials

The gill net was 20 to 25 meshes wide hung vertically with
the aid of floats and sinker stones. Typically, one end was staked on
shore. It was a long, flat net, made to suit the dimensions of the
site where it would be set, varying from 15 to 50 fathoms in extent.
Anchors ét each lower corner held the net in position. Fishermen

would leave the net untended for a period of time, returning at intervals
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to retrieve the gilled salmon, dispatch them with a blow, and fill
their canoes.
Netting materials used in Northwestern California, iris

fiber (Iris macrosiphon), were the same as for other nets. People in

the Klamath drainage traded iris fibers to their meighbours the Tolowa

who had no sources of their own. Kroeber and Barrett noted:

The restriction of range, the thinness of the
fiber, and its high tensile strength account
for the value placed on it.
(1960:57)
In other regions, the Straits Salish used nettle fiber or imported
grass; Suttles was told that nettle fiber nets would last two. or three

years if dried after use. Halkomelem fishermen traded with the Interior

Salish for Indian hemp (Apocynum cannabium) to make netting cordage.

Nettle fiber was also used for gill nets on the Nass River.

Bone and antler net gauges used to ensure an even mesh size
range from 92.5 mm to 116 mm (approx. 3% to 4% inches) in a collection
from the Kiamath area (Kroeber & Barrett:1960:Plate 15, and p.172).
Kroeber  (1925:85:quoted ibid) reports a Yurok salmon net with a "scant
3 inch" mesh; Hewes (Field Notes:1940:quoted ibid) reports 3 to 4 inches.
Hewes had a Tolowa informant refer to 7% inch mesﬁ used to gillnet
cﬁinook salmon in the Smith River estuary.  Kroeber believed this was
inaccurate but admitted that 50 to 60 1b chinook are known in the Smith
system. Further north, Harrington reported net gauge sizes of modern
gill nets used by Tlingit fishermen in the early twentieth.century as

follows: chinook - 8"; coho - 6"; pinks, sockeye and chum - 5%'".
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These are the only mesh sizes reported; there is a lacuna in the

sources.

3. ‘Distribution

‘Salish and Northwestern California groups reported gill net
technology with more frequency than people living in other regions.
Straits Salish set gill nets in salt water along the mainland shore
or out in the islands. The Klallam took chinook with gill nets off
the Dungeness Spit and in Washington Harbour during the herring season;
the Saanich did the same in Ganges Harbour on Saltspring Island. 1In
addition they took coho, pinks, and chum salmon in season. In
Northwestern California the gill net was used at riverine sites; it
‘was set in the deep estuarial waters of the Smith River and at places
in the Klamath where the current was not too fast.

In the North the Tsimshian were principal group reported;
gill nets were set at locations in both the Skeena and the Nass.. The
evidence is less clear for other Northern groups. Drucker's Massett
informant’said the Haida received their nets ready-made from the people
of the Nass (1950:239).

There is archaeological evidence that the gill net was used
by the Makah for chum salmon in the Hoko River over a very long period,
perhaps several millenia (2). Sapir and Swadesh collected information
on gill nets from Nootka informants despite Sproat's claim (1868:221)
that no nets were used for salmon (3). However, there were social

constraints on the use of gill nets among Nootka resource groups, and
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Figure 6

Northwest Coast Culture Area

Salmon Technology Complex 6 ~ Gill Nets
(see Appendix I: Table XV)
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there is no evidence that they were ever considered a common fishing
method. Indeed, during this period, the gill net was not an intensive

fishery anywhere on the coast.

4. Social Variables

Use rights to gill net locationé are not distinguished in the
sources from general references to site ownership. Kroeber and Barrett
(1960:3,4) étate as the rule for the Klamath basin ﬁrivate ownership
of riverbank fishing sites. While they do not exclude gill net
locations, neither do they specify them. The same case holds for
Haida, Tsimshian;.and Nootka sources.

Sapir and Swadesh's Nootka informant E.l9l@] suggested the

gill net was not widely available to most people.

Not many had nets. I recall ten had them when
I was a boy. It was the old men who owned nets.

(1955:30) .
In the Katzie (Halkomelem) data, Suttles (1955:22) makes a similar
comment in feference to both gill nets and trawl nets. Nets were
valuable, particularly in areas that used imported coraage materials.
Suttles was told that a "set-net might be 200 feet long, but if a man
were 'not si&'m enough'’ [thét is a man with high social status]
it might be shorter'. Only imbortant individuals or resource holders

had sufficient wealth to own gill nets ().
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A single fisherman could set and operate the gill net but
usually another person accompanied him to handle the canoe and give
assistance. Communél fish drives are reported among the Hupa (Goddard:
1903:24), canoe-loads of men noisily directing salmon towards the net.
(Perhaps they had to do this to compensate for the clarity of the

stream; it seems not to have been the general usage.)

5. °  Ecological Variables

.As a passive netting method, it was necessary for the gill

net to be set where visibility was obscured by turbid water conditions
or by darkness. Where salmon were densely concentrated, as when feeding
on herring in the bays, or prior to entering the river mouth, a gili
net was less conspicuous. Gill nets could be set at sites where it
was not possible to place a weir or trap, in deep waters at the edge of
a bay or large rivér;

Seasonality of the fishery varied with species and location.
The Nootka took chinook in spring when pilchards entered their inshore
waters. The Straits Salish also caught chinooks in a salt water
fishery, especially during the herring runs. Gunther (1927:198) reports
that the Klallam took chum in late July and coho in the autumn. Their
neighbours, the Makah, set nets for fall runs of chum salmon in the
Hoko River which flows into the Strait of Juan de Fueca.

Halkomelem used set nets for sockeye as well as chinook in
the Fraser River in the early and late summer months. While on the

Smith River in California the Tolowa took the late fall runs of



chinook. As a flexible technique, the timing of salmon inshore and
riverine migrations could be accommodated to suit variations in local

resource conditions.
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SALMON TECHNOLOGY COMPLEX 7 - TIDAL TRAPS

1. " Contextual Descéription

At places along the shore in the intertidal zone where
migréting salmon congregate in large numbefs stone tidal trap
structures were maintained. Stocks of salmon that habitually delay
before ascending the rivers to spawn will drift into the intertidal
reach on an incoming tide. Where this characteristic coincided with
favourable sea currents and tidal action, a wall or obstruction was
constructed as a tfap. Stone walls were set out from shore in
crescentic wings, individually or in series, creating artificial tidal
pools to impound the salmon. When the tide receded, salmon were
stranded behind the barrier of the trap. .

Natural sites in shallow coves and tidelands could be
improved with the addition of boulders or stakes, and made to serve as
regular‘fesource locations.. Appareﬁtly, stone tidal traps were the
most common kind but other materials were sometimes used: ~split
cedar stakes and fencing materials. Whatever the configuration, the
principle was the same: the incoming tide carried salmon over the

obstruction, and the ebbing tide left them aground.

2. Types and Materials

The Kwakiutl built stone tidal traps in the estuaries of

salmon streams, described by Boas (1909:465) as simple wing-dams ex-
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tending 60 to 70 fathoms from shore. At some tidal trap sites,
wing-dams were constructed in series with three, four, or more,

along each side of the river mouth (Fig. 7). Stone tidal traps
consisted of large boulders set in formation to. create a stout wall.
The remains of stone tidal traps can still be seen at many places along
the coast, recognizable by the characteristic size'and line
configuration as maﬁ—made. This is the basic type of stone tidal trap
. that was utilized by Northwest Coast fishermen.

Barnett (1955:82-83) describes two other kinds of tidai-
traps used by Northern Gulf Salish. . The first (Comox) is simply an
enclosure of rocks and stakes built on the tidal flats. The second
(Sechelt, Homalco, Klahuse, Squamish) is a weir framework with a

lattice-work gate hinged aiong_the bottom.

At low water it lay flat and exposed. Rock

weights were set upon it and to its top were

fastened lines leading to shore. When the

tide was full, the lines were used to bring

the latticework fence in an upward position,

and the outward flow held it against the

framework.

(ibid) p

This trapping device was built at the‘narrow neck of a cove or across
the mouth of the river.

de Laguna (1960:116,69) reports that the Tlingit (Angoon)
had sharpened stakes set into the tidal trap to impale the salmon as
the tide went out. McIlwraith (l948i221) describes the Bella Coola
"ocean fish trap" as a pen made of a series of .stakes, entered by the

salmon at high tide, and "then closed". With the opening obstructed,

salmon were impounded with the falling tide.
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Shaded area represents

detail of construction.

Stone tidal traps, in series.

high tide.

Figure 7.

Inset:
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3. Distribution:

Tidal ‘trap distribution is-confined to the northern ﬁalf
of the culture area. The dividing line seems to be at the 49° parallel,
corresponding to the marked contrast between north and south coastal
land features. The north coast, with its thousands of fjords, inlets,
and chamnels, offered many suitable locations for natural and man-made
tidal traps. The great straight sweep of the continent's edge on the
south coast, by contrast, had few. At TillamookIBay south of the
Columbia a long coastal spit shields lagoons and tidal flats where
tidal traps were built. Other estuarial bays along the Oregon Coast
may have offered tidal trap sites but the data is not available. Even
in the north where it is apparent that tidal traps were maintained and
used, the complex is not Well covered in ethnographic accounts. Tidal
traps are the most under-reported fishing method.

No estimates of the relative economic importance of tidal
traps are possible. The Tlingit, Haida; and Tsimshian all had tidal
traps but, except for de Laguna, there is scant coverage in the
standard ethnographies. Recent evidence suggests that the Haida relied
on tidal traps to a greater extent than the Tlingit (pers.comm.
S.Langdon:1980) (Langdon:1979). The subject is treated more fully in
the Wakashan literature. Northern .and Southern Kwakiutl, Bella Coola
(a Salish-speaking group), and Nootka tidal trapé are confirmed.
Drucker (1951:16,17,259) says a Nootka "tidewater salmon trap', not
madé~of stoné, was named -and owned privately; and thét it was the first
trap set each season. Bﬁt other Nootka sources describe salmon

fisheries in some detail without mentioning tidal traps.



Figure 8

Northwest Coast Culture Area

Salmon Technology Complex 7 - Tidal Traps
(see Appendix I: Table XVI)
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Note that references in the literature do not always make
clear the distinction between tidal traps fof salmon production and
for other species like beﬁthic fishes and marine mammals. The
distribution given here is based on explicit referencés to salmon
traps, i.e.,.tidal traps built at locations where salmon could be

exploited.

4. Social Variables

The collective effort of many peqple wouid be required for
‘the initial construction of a large stone tidal trap. Large boulders
were moved to the site and set in position, an arduous undertaking.
But, once. completed, little maintenance would be needed to keep it
functional. Traps built at good productive locations were probably
used for many years.

References to the ownership of tidal traps are incomplete.
Among the Haida where established rights of access existed to all
resource locations, including stfetcheé~of the coast, and river mouths,
it is apparent that tidal traps were owned by lineage user-groups.
By inference from the evidence of other salmon technology complexes,
societies that emphasized the ownership of fishing sites, particularly
the Northern and Wakashan groups, may have included tidal traps. On
the other hand, perhaps tidal traps were a common resource for people

living in near-by villages.
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5. Ecological Variables

Within each speéies of salmon there are certain stocks that
will delay at the mouth of a river before ascending. The reason
for the delay is not completely understood; but fisheries biologists
think if correlates to water temperatures in the estuary. Also some
fish populations'take longer to make the transition'frpm a salt water
habitat to fresh. Tidal traps built in locations where many salmon
share these characteristics could exploit the resource, providing the
currents are right.

The action of the tide is the primary agent that makes the
trap work. In the swells of an incoming tide salmon are swept along
and swim over the barrier. Favourable currents acting in conjunction

with the tide may bring the salmon close to shore.



SATMON TECHNOLOGY COMPLEX 8 - WEIRS

1. Contextual Description: - -

The principle of a weir is to interrupt the natural course
of a salmon run.- The superstructure was built shore-to-shore across
a river or stream. Weirs were usually constructed as fence-like
obstructions with a foundation of heavy posts overlaid with horizontal
cross pieces to which panels of wattles or lattice frame sections were
attached. The posts were embedded deeply in the riverbed to support
the superstructure against the current of the river. Sections of
screening permitted the flow of water downstream but effectively
blocked thé salmon. Unable to pass the obstruction salmon soon con-
gregated in large numbers on the downstream side; confused and
distracted they were easy prey and could be taken with leisters, spears,
dipping nets, or gaff hooks. The scfeening panels were removed when
the fishery was not operating td allow the fish to continue upstream.

As a mode of salmon production the weir complex was dis-
tributed throughout the Northwest Coast at hundreds of sites. The
basic structure could be installed in stream sites wherever the current
was not too swift. Large communal weirs were constructed on the
Cowichan, Nanaimo, Skokomish, ?uyallup, Nisqually, Skokomiéh, Quileute,
Quinault, Nehalam (5), Smith, Klamath, and Trinity Rivers. Each
village along the river built one or more weirs at suitable locations.
A series of weirs on an important salmon river formed a system that

served as focal point to the . riverine settlements in the valley.
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The obligation of downstream people to those living upstream is not
clearly stated; presumably the length of time the weir fishery
operated was subject to negotiation and compromise, and, of course,

tempered by the demands on labour and time for processing.

2. Types and Materials

(a) Weirs in streams -- Few precise descriptions of simple

weirs are recorded; we know by inference that the basic principles

of construction are the same for weirs built on sméller streams as for
those on large rivers, the differences being a function of lesser
stream velocity and volume. The 'supporting posts, for example, would
not need to be as heavy, and rather than tripod or two-post supports,
a single post with a downstream brace might be sufficient to uphold
the stringers and panel sections. With this type of weir men would
fish from their canoes (on the downriver side). In some weirs a canoe
gate was fitted to facilitate passage. The double weir is a simple
weir built twice across the river, usually in shallow water; the
salmon salmon leaps the first but cannot manoeuver to leap the second,
and is taken by the spearman.

(b) Communal weirs - the Twana model -- Substantial weirs

with dip net platforms are similarly described for the Quileute,

Quinault, Lushootseed, and the Twana. The Twana weir is characteristic

of the type. Quotations in the text are from Elmendorf (1960:64-72).
The Twana weir was supported on a series of tripods

that extended across the river in a straight line. These posts were
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imbedded deeply with the two upstream members in line with the length
of the weir, while the third member projected out downstream, thus
stabilizing the structure against the current. Horizontal cross
pieces were lashed to the'"upétream face of the tripods on the outside
of the tripod members". There were three rows of horizontal cross
pieces (stringers); the top one, having a flattened surface to serve
as a cétwalk, was four feet above the surface of the water.

Sections of screening were made by lashing together
young-growth fir poles (6), about six feet long, with withes. Each
panel was approximately 6 ft in height by 10 to 12 ft wide (2 m by 4 m).

The lower ends of the poles were pointed and driven into the riverbed;

...their upper ends projected some three to four
feet above water level with.the poles slanting
back in a downstream direction against the
support stringers, to which. they were lashed

at intervals.

(ibid)

Platforms projected on the downstream side of the weir
between the tripod foundations. Each station extended 9 to 10 ft along
the top stringer and was 6 ft wide (3 m by 2 m). A support stake for
the dip net was driven into the streambed and attached to the platform
frame at an angle parallel to the slope of the weir. The dip net
"was a circular, bowl-shaped net attached to a hoop frame some five to
six feet in diameter”, to whichwere attached two ten-foot long handling
poles of fir (7). At thelother end, the poles met and crossed over
at the mid-way point above the net; from here trigger lines of cattail

fiber ran to the bag as signalling devices. When the dipping net was
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lowered through the scaffold opening U-shaped prongs at the juncture
of the hoopi"engaged'the dip-net support stake'" and rode the net down
to the.underface of the weir (8).

An alternative to.this type of dipping net scaffold was
used by the Cowichan who had instead narrow impounding pens connected
to the upstream side of the weir. The salmon seeking a way through
the barricade discovers an open gateway that leads to the spearing
corral and is struck from above by the spearman.

(c) The Kepel Dam -- Waterman (1973:63) and Kroeber (in

Elmendorf:i960) considered the Kepel Dam to be analogous to the Twana
weir even though it was a highly elaborated complex. The Klamath
sysfem, larger than the Skokomish, presented site difficulties that
will be described in a following reference. Building the Kepel Dam
was a labourious undertaking; heavy tripod posts were driven into the
streambed to-support 18 to 20 ft stringers. Additional braces shored
up fhe'supports, and hundreds of small stakes were driven in to form
the body of the weir. Laurel limbs were tied underwater to the stakes.
Then ten large 'salmon houses', privately owned impounding pens, would
be constructed. The annual installation of the Kepel Dam was attended
by restrictions on how the weir was to be constructed, and how tasks
were to be performed each day. . According to some informants, the weir
was allowed to operate for only ten days and then it was dismantled

(Kroeber and Barrett:1960).
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3. Distribution -

The weir complex had a wide distribution in the traditional
fishery. It appears that all societies utilized the technology,
building weirs at innumerable river and stream locations throughout
the Northwest Coast. The communal weirs built by the Cowichan, Nanaimo,
Twana, Puyallup-Nisqually, Quileute, Quinault, Tillamook, and Tolowa
are among the most producfive salmon technology complexes known.
Riverine communities on the Skeena, Fraser, and‘Columbia, where weirs
could nét be built, installed weirs on tributaries and small streams.
The Stalo (Halkomelem), for example, had weirs on the Chilliwack and
Alouette RiVers, tributaries of the Fraser, and on other smaller
branches. Up the coast in every inlet weirs were placed on the streams
that poured forthvffom the coastal mountains. Island rivers, short
but productive salmon producing streams that belonged to one or another
resource holding group, had weirs to exploit the runs.

The Haida depended on weirs for the bulk of their winter
provisions. They, like the Coast Tsimshian and Tlingit resource holders
who. had island streams, moved to their fishing sites for the season.
Other Northern groups and the Wakashan maintained traps as well as
weirs to suit the features of diverse types of water resources. For
the Nootka and Southern Kwakiutl there is virtually no reference to
weirs in the ethnographies; traps are described in detail but the
significance of weirs appears minimal. The Northern Kwakiutl and
Bella Coola built weirs in their tributary streams but these were less

productive (presumably) than the large river traps of the area.
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l\/ ) ' - ‘
: _ Figure 9
Northwest Coast Culture Area
Salmon Technology Complex 8 - Weirs
(see Appendix I: Table XVII)
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In the Salishan, Columbian, and Californian regions the weir
complex clearly was a major salmon production system. The‘Kepel Dam
and the other Yurok and Karok Weirs took many salmon in a short period;
they were equal to lifting net complexes in production capability (9).
The Hupa and .the Oregon people (Alsea, Coos, Siuslaw) probably relied
on weirs more than othef methods, exploiting the runs on their short
coastal rivers. Communal weirs built on important salmon rivers were
a primary centre from which village communities developed and in which

they were localized.

4. Social Variables

In the North each worthwhile salmon stream was owned by a
lineage division of local resource holders. Weirs were the exclusive
property -of the éorporate group and could only be used by others if
permission was first obtained. Dawson (1880:109-110) describes the

general dispersement of Haida from the winter villages:

The various 'rivers' are the property of the
several families or sub-division of the tribes,
and at the salmon fishing season the in-
habitants are scattered from the main villages;
each little party camped or living in temporary
houses in the vicinity of the streams they own.

In contrast, the communal weirs of the Salishan and Columbian regions
were built close to riverine village at sites that were community-owned.
The fishermen of the community co-operated to construct weirs; platforms

on the weir, presumably the most productive fishing sites, were owned

privately. Use-rights were heritable properties within the resource
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holding group, but the claim included an expectation and requirement
to provide construction labour to build the weitr (10). Thus the locus
of ownership shifts from the salmon stream site to specified stations
at the communal weir.

In Northern California, where the concept.of individual
ownership extends to all productive fishery sites, the archetypical
Kepel Dam was nevertheless a communal enterprise. The use—rights to
its stations were not clearly specified; but.each 'salmon house' was

named :

The weir was an elaborate structure built in ten

named sections by ten groups of men, all working -
under - the actual, as well as the ceremonial,

direction of one formulist. Each section was

built with an enclosure provided with a gate

which could be closed when the fish entered.

The fish were then easily removed with dip nets.

Vast numbers of fish were taken during the ten

days that the dam was allowed to stand. After

that it was deliberately torn down.....

(Kroeber & Barrett:1960:12)
The Kepel Dam was built each year anew at a site thirty miles from the
mouth of the Klamath. Hewes.collecfed the names of ten Yurok villages
downstream. from Kepel which contributed work crews (field notes:1940:
iE_K.& B:1960:12). The building of the weir at Kepel was attended by
the "most elaborate public ritual qomplex in the region" (Kroeber &
Barrett:1960:11). .Waterman, Qho with Kroeber co-authored a study of
the Kepel Dam complex (pub.1938, cf.,1920), had also done field
research in Puget Sound and reported (1973:64) that no '"religious

rites or taboos' appeared to be associated with the Twana weir complex.
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Other large structures in the Klaméth basin were the Hupa
weirs built with some formalify but no ceremony on the Trinity, an
important tributary system. Hewes field ﬁotes.(1940:ibid) contain
useful detail not generélly available about the social organization

of production.

On the fifth day all the men who were to
participate in building the dam (there might
be as many as a hundred) assembled and
brought poles' and other materials...

The platform in the center was the most
important and advantageous. Not only did
the fish tend, on account of the angular
form of the weir, to work toward this

apex, but the fishermen who occupied this
platform had available to them a bay on
either side of the platform. This central
platform was definitely reserved for certain
families who had legendary right to it.

All the other platforms on the weir were
open to anyone who had participated in its
construction, and to those whom they might
invite to fish there. -

(p.19; emphasis mine)

5. - Ecological Variables

In most parts of the coast the weir complex was associated
with summer and fall salmon runs. Summer runs of chinook salmon were
taken at weirs in the Quinaﬁlf, Nanaimo, -Squamish, and tributaries of
the Columbia and Fraser Rivers. Fall chinook ran in the Cowichan,
Skokomish, Quileute, and Klaméth systems. Commuhal weirs wefe not

generally constructed on sockeye streams; for example, neither the
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Cowichan, . Skokomish nor Klamath systems have sockeye runs. A notable
exception is the Quinault River; communal weirs were built specifically .
to exploit the abundant sockeye runs that enter that river in early
spring and peak in May. In innumerable mainiand and island streams .
where simple'weirs were built the fall runs of chum, pinks, and coho
were taken.

Dawson reported for the Haida that many small rivers had
weirs for fall fishing; he did not name the species he refers to but
it would be chum salmon which enter the streams in large ﬁumbers

beginning in mid-August, lasting through until December.

They ascend even very small streams when these
are in flood with the autumn rains, and being
easily caught and large, they constitute the
great salmon harvest of the Haidas.

(1880:109-110)
Few sockeye ruﬁs occur in the Queen Charlottes but they enter several
streams as summer runs. Chum salmon were also the most important
species taken in the Skdkomish, comprising the bulk of the annual
Twana catch (Elmendorf:1960:6l).. In summéry, except fof the Quinault
sockeye runs, the species commonly taken at weirs were chinook, chum,
and to a lesser extent, coho.

Sites selected fér weir placement had to meet specified
requirements. The Kepel site is described as having a level streambed
of fine gravel with a strong but steady current evenly across the
breadth of the stream; the weir was built in late summer when the

river levels had subsided, in optimal depths of five to six feet.
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Because of the heavy water volume in the Klamath, the weir was V-shaped
rather than straight across from one bank to the other. The point of

the V-faced upriver into the current.

In a stream of smaller volume, the shape might

not matter much. The larger the flow, the

greater the resistance which a two-way

diagonal weir would possess, presumably, and

experience may have shown the Indians that

this gain in strength more than compensated

for the additional length.

(Kroeber & Barrett:1960:13)
The river at this point is 250 feet wide, much wider than at other weir
sites on the Northwest Coast.

Déep water sites would be impracticable because of the
difficulty in driving posts into the streambed. ©Nor could weirs be
built in estuaries where channeling and shifting streambeds create
‘problems, ‘as would.the pressure of tides. Detritus and general debris
would be a nuisance because screen panels would need frequent clearing;
a 'clean' river would be preferred. In summary, limitations on weir sites
may be characterized by these sets of variables in the available water
resources: (1) stream features including velocity, volume, and depths
of water; (2) the width of the stream; and (3) features of the stream-

bed. Weir structures could not withstand swift currents or heavy

water volumes.
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SAIMON TECHNOLOGY COMPLEX 9 - TRAPS I

1. Contextual ‘Description

The ﬁrinciple of entrapment is represented in the traditional
fishery by a variety of forms designed to'impound or strand fish. Since
salmon d0'nof.feed upoh prey during fresh water migration, traps were
never baited. Instead salmon were led into a -trap entrance by their
characteristic behaviour in streams. during the run, pérticularly by
their capacity to surmount impediments and obstacles en route. Salmon
were taken in grid traps, cylindrigal basketry traps, box traps, shallow
basin traps, tumble-back traps at falls, trough—shaped traps, and double
welir traps with tubular baskets. _ A classification of typés is given
in the next subsecfion; for the present, one of the more common forms,
the cylindrical basketry trap, is described in context.

Cylindriéal basketry traps had a wide distribution and were
very productivé.‘ Placed either.singly‘or in mﬁltiples of three or fouf,
cylindrical tfaps werebsetlin a dam or wall, or at the apex of converging
lead-in wings. Sproat reported in.the early 1860s tﬁat.Nootka salmon

traps of this kind were set in all coastal streams.

- On each side of the trap, in some instances extending

~as far as the bank, a wall, or fence of stones or
small stakes, slants down the stream, so as to lead
the fish, in swimming up, towards (the) entrance to
the trap. :

(1868:222)
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Three and sometimes'four "long circular baskets of uniform diameter,
made of cedar splinters tied neatly together" were placed in position
length-wise in the stgeam; Each trap had a funnel enfry "shaped like
a candle extinguisher"g the salmon having once passed through this
tapering corridor could not make its way"out again. The baskets,
says Sproat, were 'very neatly constructed, and catch a great many fish"
(ibid).

Nootkan ethnographies contain many references to the use of
cylindrical basketry traps. Captain Cook in 1778 noted "large fishing

wears'", as he called them, "

...composed of pieces of wicker work made
of small rods” (1784:281). Koppert (1930:72) observed that the Clayo-
-quot used two kinds of basketry traps, the cylindrical and the box~like
trap,.both with funnel entry, and both frequently placed in multiples
on stone walls that crossed the entire stream. Thé water was shallow
at such siteé, and the wall about two feet high. Box-like traps, for
example; would be set in the wall at intervals every few feet, the total
number depending on the width of‘the‘stream. Wooden stakes were driven
across to provide a barrier in front of the stone wall; consequently,
the salmon éoming upstream, unable to surmount the obstacle, entered
the trap mouth.

In addition to traps set with leads of fencing or secured to
dams, cylindrical traps were used alone, staked in the streambed at
rapids an& naturél obstructioné. An early description, c¢.1803, was
reéorded by John Jewitt who accompanied Chief Maquinna's salmon

fishing expedition to the Tahsis River. The fishery was pursued

chiefly in '"'pots or wears'", as Jewitt explains: (11)
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- A pot of twenty feet in length, and from four
to five feet diameter at the mouth, is formed of
a great number of pine splinters which are
strongly secured, an inch and a half from each
other, by means of hoops made of “flexible twigs,
and placed about eight inches apart. At the
end it tapers almost to a point, near which is
a small wicker door for the purpose of taking
out the fish. This pot or wear is placed at
the foot of a fall or rapid, where the water
is not very deep, and the fish driven from above
with long poles, are intercepted and caught in
the wear, from whence they are taken into the
canoes.

Jewitt saw more than 700 salmon captured in a quarter of an hour by
this means (1967:87).

Early observers in the north répérted a similér dependence
upon c&lindriéal trap‘technology among the Tlingit. Krause in the
field in 1881-82, considered basket traps set in weir-like fences to
be the most commoﬁ salmon téchnology complex among the Chilkat (1956:
121. Plate II). Eérlier, in>1799, La Perouse visited a salmon
fishery at a small river, the Huagin, near Lituya Bay (Yakutat-Tlingit).

Here, salmon encounter the staked stream:

...in the angles of the dike are placed very
narrow wicker baskets, closed at one end,

into which they enter, and being unable to turn
in them, they are thus caught. This fishery

is so abundant, that the crews of both vessels
had plenty of salmon during our stay, and

each ship salted two casks.

(1799:V0l.1I, p.389;quoted in
de Laguna 1972:387)

This method of trapping salmon obviously ranked high as a

productive technique for use in small to medium-range rivers and
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streams. It could be adapted to swift waters and variations in stream
bed features, particularly.in shallow rivers.

A characteristic of this and the many other types of salmon
traps is the facility with which the'cﬁﬁfigurations of traps could be

modified to suit the variables of local site conditions.

2. Types and Materials

Salmon traps are highly individualized and difficult to
categorize séhematically without injustice to the data. I have
collected dozens of'distinctivé descriptioﬁs; detailing the many ways
Northwest Coast fishermen caught salmon in traps. Boas (1909) provides
the classic account of a trapping repertoire - in the salmoﬁvfishery
of the Soﬁthern Kwakiutl, Usiﬁg native categories to distinguisﬁ the
principal trapping devices, Boas describes each of them in technological
terms. This is useful as a basis for a division of types. Boas'
Southern Kwakiutl data with no additional interpretation is exhibited
in Table V.

The classification of types that follows is ordered on
functional énd.operating principles. For cross-reference purposes,
and as a guide to distinguishing differences in types, namés are

included given by Boas' informants to describe similar devices.

(a) Tumble-back traps (also called 'pothangers')

The function of this trap is to catch salmon as they fail to

surmount a natural obstacle, as a falls or rapids. Plate IT illustrates
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TABLE V

SOUTHERN KWAKIUTL TRAPS

Native term Boas' description of traps1

1. le'xsid cylindrical basketry trap with conical entrance
(used in rivers with strong current).

2. xo'los, le'xsid xo'los trap with cylindrical basket—trap attached
+ ma'lis) called 1?'xsid. Converging frames force salmon to
enter a 'box' which exits into cylindrical traps on
" each side. Trap door to remove fish. May be used
in combination with an additional trap (ma'lis), a
circular stone dam with flaring entrance which forms
a shallow basin. Salmon which do not enter 'box'
are guided into basin, and cannot escape. (used
where current very strong). :

3. dEgwi's " salmon enter a large closed basket with converging
entrance from which they are turned into a long
. fish basket[kept_invplace with stakes and anchored
with heavy stones (for use in narrow rivers).

4. mE'wa a trap similar to xo'los with a box-like framework
’ but frames are attached to bottom which is anchored
on the rocky ground of the river. 12 fathoms long,
6 fathdms wide; salmon speared (used on the mainland
near inlets).

5. ma'lis a) stone dam with flaring entrance; deep pool formed
under cascade, shallow rapids below (built under
small cascades). '

b) log dam variation of dam and basin, built in shallow
water with rapid current. Salmon speared or caught in
x0'los built under the dam,

6. La'wayu Nimpkish River. On lower (downstream) side a stone
dam is built which reaches to the surface of the
water. Just above this a box eight fathoms wide and
two deep is built, consisting of frames tied to stakes.
The salmon jump into the trap across the stone dam.
White clam shells cover the stream bed in the trap
so that salmon may be speared more easily by fishermen
in canoes alongside.

1After Boas:1909. (Minor restatement of Boas' text.)
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a tumble back trap of this kind. Few adequate descriptions exist
although the technique was known throughout the area. Varieties
include: (a) an open framework box suspended by ropes from nearby.
rock faces with ropes (Boas:1909:4655L There is no indication how
the ropes were secured, or the catch removed; (b) two grid panels
joinedvto form a wide V that held the fallen salmon; (c) a flexible

grid suspended like netting.

(b) Large box-like traps and free enclosures (x0'los, degwi's, me'wa)

Units of basketry or wattle-work were constructed in various
ways to enclose a portion of the stream; the entrance could be simply
two converging panels (see diagram). A salmon ﬁould find its way in
easily enopgh:but be discouraged from exiting by the same route
because of inward protruding points; and by the salmon's reluctance
to swim in the 'wrong' direction with the current. Another entrance
commonly used was the funnel or invaginated entry (see diagram, degwi's).
Once inside the enclosure the salmon would find its progress blocked
by the upstream member of the trap, and turn into the only available
outlet, the cylindrical trap. A number.of variations were possible
but the basic elements consisted of (i) a one-way entry, (ii) an

enclosure in the river, and (iii) egress into a confining chamber.

(c) Cylindrical basketry traps (dena'x’dax)

Long narrow cylindrical traps were generally made of cedar

slats or splinters lashed to hardwood hoops with split root twining.
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\
In the north, Emmons (1903:242) reported baskets made of spruce slats
and split'spruce root twinings. Baskets were equipped with a funnel-
entry insert at the mouth or, alternatively, constructed to be too
narrow for the salmon to turn around. Dimensions given by Sproat
(1868:222) indicate the diameters were three to five feet, and lengths"
ranged from ten to twenty feet. Some traps tapered to a ppint, but
others ﬁere symmetrical.

Several of the ways in which cylindrical traps were used have
already been descriBéd{ In addition to pfoviding‘a facility for the
direct capture of salmon, they were appendages to large river enclosures
—box-like traps, double weirs, closed baskets with converging entrances

—as a means to concentrate the salmon for easy removal.

(d) Grids and trough-shaped traps

Grid panels were used to strand salmon following an encounter
with a river obstruction, natural or man-made. They were often used
in connection with free enclosures or at the threshold of artificial
'basins'. The grid itself was set on an inclined plane with the upper
end either above water or in the shallows. Since the force of the
river's current was utilized to sweep the fish up on the grid, the .-
entry faced upstream. TFor salmon (i.e., not trout), the trap required
a barrier upstream of the grid panel.. Unable to progress, the fish is
swept baék aﬁd stranded on the grating. In the absence of a barrier,
the salmon could be frightened into retreat by beating on the water

(Barnett:1955:82).
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A Northern Gulf Salish: trap described by Barnett (ibid)
(see diagram) consisted Of:a horseshoevshaped'enclosufe with a narrow
entry of converging sticks. Once inside, the saimon were confronted
by .the upstream member of the trap§ they "would play in an eddy or
relax their efforts against the barrier and in a moment be swept on
to the uptilfed grids of the trap enclosures" (ibid).

In Northern California, stranding devices were shaped like
scoops, the sides upraised. These open-top trough traps were made of
long split spruce or hazel poles set a few inches apart and tied with
withes. They were often placed at the apex of two converging wings
that.sérved to guide the stalled salmon to the underwater lip of the

trap, and subsequently up on the grid.

(e) Dams and basins (ma'lis, ama'la, la'wayu)

While dams and basins are essentially different kinds of
structures £hey bofh alter water levels at thé site. A dam built on
a small rivef, as Boas has iilustrated (1909:Fig. 139), creates the
conditions of rapids and shallow water that favour spearing. If used
in connection with a flaring stone basin, or the Kwakiutl combination:

of basin and trap (xo'los, le'xsid, and ma'lis), the stream is

effectively converted into a multiple system of trapping devices,
designed to take large catches.

Boas' description of the basin (ma'lis) is given:
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It consists of a circular stone dam with flaring

entrance, which forms a shallow basin. In the

narrow entrance to the basin a platform of

slender, smooth poles is placed about 7 cm.

under water at the end turned towards the basin,

while the upper end is considerably deeper.

(ibid:462)

This combination of grid entry and floundering basin may have been
much more widely used than the ethnographies indicate. There are few

references to the specifics of stream dams and basins.

Boas also described a wooden basin:

This is fenced in with stakes and poles or frames,
- while the bottom is entirely filled with long

poles, so that the fish have not enough water

in which to move.

A.similar basin-trap is described by de Laguna (1960) for the Angoon
Tlingit who, she reports, did not use cylindrical traps like the
Chilkat and Yakutat people did. Instead they constructed open top
boxes of sticks br split wood, and set them "either across a waterfall
or placed in the opening of a fence across the stream'". De Laguna
collected names for the various parts of the trap: the 'arms-of-trap',
the posts to which a trap and fence was attached, and a "tongue-shaped
ramp” called 'salmon director' that led fhé salmon into the trap.
Presumably this was a grid-type entry.. Finally, it is noteworthy that
de Laguha's informants indicated-that these traps took many,fofms but

had one underlying principle:

.f.thevaere all made so that the water in the floor
of the trap was too shallow to permit the fish to
swim or jump out.

(ibid:115)



- 97 -

It is evident that one of the ways salmon were effectively trapped

was to alter the conditions of the stream flow and water depths.

3. ‘Distribution

The Northern and Wakashan regions produced much of their
annual salmon requirements by using the trap complex. This is stated
explicitiy\for the Tlingit and Nootka, aﬂd by inference in Boas' (1909)
account of the Southern Kwakiutl. According to Krause (1956:121) and
other sources, the salmon trap was the most important technology used
by Tlingit groups. Both the Yakuéat and Chilkat, the principal
mainland groups for whomiwe'have data, set basketry traps in weir-like
fences. On the West Coasp Nootka groupé used cylindrical basketry
traps set in walls and dams in every stream; traps were the main fresh
water mode of salmon production. And the Southern Kwakiutl inventory
ofvtraps'was extensive and obviously significant in terms of production

capacity.

4, Social Variables

Salmon traps and the sites of salmon traps were in general terms
attended by notions of ownership by lineage resource holders. Deviations
frqm this basic premise would tend to follow the.basic patterns of
resource ownership peculiar to each ethnic group, and_it would probably
serve no useful purpose to summarize them. Instead the example of one

group for whom the trap complex was significant will be given.
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Figure 12

Northwest Coast Culture Area
Salmon Technology Complex 9 - Traps I~
(see Appendix I: Table XVIII)
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On the West Coast, the Nootka chiefs exercised territorial

prerogatives over all the important resource locations.

Salmon streams constituted the most important

economic properties of the Nootka chiefs. -

Though they gave right to set salmon traps

in certain places to ‘kin and henchmen, the
 chiefs exercised their rights to claim the

entire first catch of the traps made in their

individual rivers.

{Drucker:1951:250)
Jewitt repo?ted that an estimated 2,500 salmon were brought on one
occasion into Chief Maquiﬁna's house (1967.:88). The common rule of
rights of access for people with no claim to the trap site is high-
lighted in this remark about the appropriate behaviour of a stranger

among the Clayoquot:

if...he passes a creek with a trap~box .set for
fish, he may not fish in that stream; if the
trap is not set, he is at liberty to fish

by hook or spear.

(Koppert:1930:78)

5. Ecological Variables

Koppert also noted a conservationist rule in effect to

protect salmon.

As to fish, when the rains make the rivers rise,
the trap-boxes are not allowed to be visited
except once a day, so as not to hinder fish on
their way to the spawning grounds. A strict
Indian law forbids violating this ruling.

(ibid:79)
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As the creek swells ‘salmon can pass. on both sides of the barriers
that contain the cylindrical traps or fish-boxes.

The variety of stream éonditions at sites where traps could
be constructed indicates'fhe versatility of this mode of salmon
production;'traps were designed.to meet ‘the specifications of fast
water, shallow‘water, riffles, falls,.ﬁarrOW‘piaces, uneven streambeds
- with rocks and boulders, or heavily chaﬁheled étreams, among others.
'"Dams' and basins altered stream levels, diverting the movements of
the salmon. Leaping barriefs, searching for a way past these
artificial impediments, and exploring an opening'in the trap, the

salmon is captured.
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SALMON TECHNOLOGY COMPLEX 10 - TRAPS II

1. © . Contextual Description

" In the preceding.section (STC 9) five generalized types of
trapping devices were describéd. The same principle of entrapment was
exfended to several other, more specialized forms by Northwest Coast
people -~ traps designed to meet the conditions of large rivers.

Three types will be described: the Skeena canyon trap, the Bella Coola
dam, and Northern large river traps. These are>each distinctive models

with differing functions and ancillary. parts.

2. Types and Materials

(a) Skeena canyon trap

The large Skeena river trap is a special example of an
adaptation to the features of canyon fishing in a large and very
productive salmon river. Little has‘been published about these traps.
Barbeau described them briefly in an article written for the Canadian

Geographic Journal, June 1930. He also obtained photographs which

are held in the British Columbia Provincial Museum archival collection
(Plates  III and IV:Appendix). . Plates from this same set

accompany Barbeau's article; one of the captions reads:



- 102 -

i

ar

__:
r
[ ol

f

4

[}

| -
-
L3
| =
| S

A
'

“1 .
i

‘h—-!—
B

Plate III. Skeena Canyon Trap (first view)



Plate IV,

Skeena Canyon Trap

oy
\ ;%
N Y
/’,;‘t.?’/’h't

(second view, from above)

Y '(
ia

= E0T =



- 104 -

These traps are quite complicated and consist of

three parts, the vertical barrier which is set

between posts, the long "chute', and the fish

basket at the rear. ‘Nowhere else but on the

upper Skeena are fish traps like these made.

The efficiency of these depends upon the

ability of the makers who are guided by set

measurements and a long experience.

(1930:144)
Barbeau identifies this special form of basket trap as Gitksan, built
and operated by Gitksan user-groups on the weét side of the Hagwilget
canyon. On the east side of the canyon, Carrier (Plateau) people had
obtained rights to fish, and used a very similar trap. Barbeau comments
that the right to resource locations in the canyon had been an "object
of dispute for a hundred years past" (ibid). The principal fishery he
mentions is the sockeye run.

Other information about the Skeena canyon trap is not easily
available (12). From an examination of the Plates, one can appreciate
the complexity and size of the undertaking. The long chute or trough
is supported by ropes from the superstfucture of the trap and it appears
the chute was raised or lowered into the river by this means. How it
operated is not clear but it may be that the nether end of the chute
was submérged_in the roily waters of the canyon. At the height of the
salmon runs, when the gorge is crowded with sockeye ascending the rapids,
many fish would swim along the banks of the stream where the velocity
is less extreme. It is possible that under these circumstances sockeye
could not easily avoid the submerged arm of the trap. If the chute
were quickly raised to a perpendicular angle (the nether end high) it

would act as a flume to conduct fish into the basket at the rear where

they would be enclosed. I do not know if this is how the trap actually
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worked; whatever the method of operation it is obvious that the

Skeena canyon trap was an elaborate salmon fishing complex.

(b) " Bella Coola dam

The series of 'weifsf and dams built at communities along
the Bella Coola River included some éf the largest structures built
on northern rivers. In 1793 Alexander Mackenzie recorded as much
detailvabout these "fishing méchines" as possible, and these
descriptions stand as classic accounts in the literature, even althdugh
the people of Bella Coola would not permit Mackenzie to investigate
the structure as closely aé he wished. The principal dam Mackenzie
describes was built at 'Friendly Village' on the main arm of the Bella
Coola about thirty miles from the mouth of the river. At this location
an affluent from the north enfers thé Bella Coola, which unlike most -
tributariéé to this stream does not debouche from a steep gofge a3).
One may assume perhaps that the current of the river at this poeint is
strong but regular.

I will quote Mackenzie at length:

The weir is a work of great .labour and contrived
with considerable ingenuity. It was near four
feet above the level of the water, at the time

I saw it, and nearly the height of the bank on
which I stood to examine it. The stream is
stopped nearly two-thirds by it. It is
constructed by fixing small trees in the bed of
the river in a slanting position (which could be
practicable only when the water is much lower
than when I saw it), with the thick part downwards;
"over these is laid a bed of gravel, on which is
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placed a range of lesser trees, and so on
alternatively, till the work is brought to
its proper height. Beneath it the machines*
are placed, .into which the 'salmon fall when
‘they attempt to leap over. On either side
there is a large frame of timber-work six
feet above the level of the upper water, in
which passages are left for the salmon leading
directly into the machines* which are taken
up at pleasure. At the foot of the fall
dipping nets are also successfully employed.

(from Lamb's edition 1970:358)

The facility described by Mackenzie is a dam, not a weir in the sense
defined in this study (STC 8); that is, the river does not flow freely
through the structure as it does with a weir. By building a barrier
to obstruct the flow of water, Bella Coola resource users creatgd a
multi-purpose fishing facility where salmon could be taken with at
least Ewo'differenf trapping strategies and by other means suitable at
a 'falls', dip netting in particular.

Further iﬁfdrmation collected by McIlwraith indicates that
the number of traﬁs‘at the dam was limited, each was privately owned,

and named. As. Mackenzie observed:

Salmon is so abundant in this river, that these
.people have a constant and plentiful supply of
that excellent fish. ...To take them with more
facility, they had, with great labour, formed

an embankment or weir across the river for the
purpose of placing their fishing machines,
‘which they disposed both above and below it.

(ibid)

* . Mackenzie is referring to traps. McIlwraith collected a
Bella Coola word for a movable box-like container which
can be raised at the salmon 'weir' (1948:610) which may
be one of the types of traps Mackenzie called machines.
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Mackenzie probably means both on the upstream and downstream side of
the dam. The position of some traps at the facility would be more
valuable than others, The dam described by Mackenzie was built where
the Bella Coola was fifty yards in breadth, and about ten feet deep
on the 'foot of the fall', the downriver si&e. This means that it must
have been about fourteen or fifteen feet deép on the upriver side. At
another dam further downstream, Mackenzie saw the local men in their
canoes shoot over the falls, a ten foot drop at that site (14).

In summary, the Beila Coola dams were extraordinary structures,
built with gréat labour by local. resource holding groups near permanent
villages. There is little doubt that they were among the more productive

salmon technology complexes on the Northwest Coast.

(c) Northern large river traps

Seven ethnic or dialect groups in the north with large rivers
to exploit used an open-top river trap set in a fréme of posts. The
type is included in the Culture Element Distributions List 15y,
contributed by Drucker (1950). While the type seems to share several
characferistics of the Skeena canyon trap, its use was denied by Drucker's
Gitksan'informant. Evidently, it was not a canyon trap. There is no
indication that it was used at sites where the waters were roily, but
this may indeed have been the case. It was stated by several informants
to have been designed to meet the conditions of'large‘rivers; in fact,
its absence among the Bella-  Bella and Heiltsuk '"was said to be due to

the smallness of the rivers in their territories™ (1950:237).
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Drucker provides a description:

This trap was -quite large, shaped something like

half a barrel, with its ends lashed to vertical

posts which supported plank scaffolds on which

men stood. When enough fish were caught, men

loosened the withes binding it to the posts

and hauled it up till the catch was within easy

reach. The posts acted as guides.

(ibid)

Additional notes say that the trap had a V-entry and, at least among
some usefagroups, a guiding fence was used to direct fish into the
mouth of the trap. These few sketchy details do not explain the
operation and specific site conditions adequately, but when considered

in the context of the preceding Skeena and Bella Coola traps they

describe a pattern for large northern streams.

3. Distribution

ADistribution of ‘this complex is specifically referenced:.

(a) Skeena canyon trap: . Gitksan Téimshian people,
particularly those with resource holding rights of access at Hagwilget
canyon at or:néar the Skeena%Bulkley confluence.

(b) Bella Coola dam: Bella Coola pedple living at
éommﬁnities along the river and its principal tributary.

(¢) Northern large river trapt'_(after Drucker) Northern
Kwakiutl at Owikeno in River's Inlet; Bella Coola (16); Xaisla
(Northern Kwakiutl) at Kitamat; Tsimshian at Hartley Béy, specifically
the Kitqata; Masset Haida people; Skedans Haida; Kaian Tlingit living

at Cape Fox, the southernmost group of Tlingit.
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No indication is given of productivity.

4. "Social ‘Variables' -

McIlwraith collected several references to notions of
ownership (17) and user rights at Bella Coola dams and weirs.
Limitations are imposed on the "number of salmon traps at any one weir"
according to interpretations of the mythical origins of the trap/dam
at a ceftain location. For example, ten traps may be considered the
maximum number appropriate in accordance with the history of the site.
"Ihose who have the right to the weir are members of the ancestral
family with names of those first users'. Inheritance of fishing rights
vto certain sections are thus transmitted with a'ﬁggg‘which must be
validated publicly. McIlwraith added that conflicting claims and
disputes were common. But that only members of the ancestral family
could obtain rights.

Owners of a trap or section of the weir could lease fishing
rights for a specific time period, perhaps a single night or two nights,
in return for material consideration.

informatidn’about ownership rights at the Skeena canyon trap
and large river traps could be deduced from the general rules for the
transmission of préperty rights that pertain to each northern society;
spécific reference to rights at the trap are not includedvin the accounts

cited.
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5. Ecological Variables’

The Bella Coola and most rivers at the heads of inlets are
very turbid because the glacier—fed streams that feed into them carry
silt down through the system. This is consiétent with description of
the Bella Coola dam as partly composed of naturally-occuring materials,
logs, and éccumulated silt and gravel, féafures tﬁat essentially create
obstacles in the river, diverting the movements of salmon. It would
appear that these natﬁral features were -enhanced by Bella Coola
fishermen to create large semi-permanent dams. ‘Spring freshets would
annually wash out parts of the dam and it would require constant
maintenance thrdughéut the season. But perhaps the foundation would
remain more or less intact, especially in larger dam sites like the one
described by Mackenzie.

The Bella Coola - Atnarko is a productive river system with
large runs of.all“five species (seevpp.ISZ—'fbr abuﬁdancewand seasonality).
At the time Mackenzie visited the area (Juiy 1793), Bella Coola
fishermen were probably catching chinook and sockeye salmon at the dam.

The Skeena River syétem is an even more productive river,
ranking second after the Fraser for sockeye production in rivers of the
Northwest Coast culture area. The largest runs of sockeye in thé Skeena
watershed spawn in»the vicinity of Babine Lake; the runs must pass
through the Hagwilget canyon en routevto the Babine, an importantv
- tributary (18). Consequently, the canyon fishing sites would be among

the most productive resource areas on the coast.
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SAIMON - TECHNOLOGY COMPLEX 11 - DIP NET STATIONS

1. " Contextual Description

At canyons and the upstream narrows of important salmon
rivers a turbulent flow of water pours through the constricted rockface
in swift rapids and waterfalls. At such places, the running salmon seek
respite in the s}dwer currents at thg river's edge. Canyon fishermen
built their dip net stagings to overhang the  eddies and backwaters
where salmon would linger awhile, or théy:Wbrked'from_a:natural foothold
on a rocky shelf. The fishermen would wield large bag-shaped dip nets
attached to the end of long shafts; the open end of the net faced in the
downstream direction while counter—currents‘served to hold open the
bunt end. One of two principles applied to operate tﬁe net depending
on the style of the dip net and the species sought. Lafger-nets were
steadied in position, braced and ready for the prey to enter; smaller,
lighter nets were actively moved through the eddy in a plunging or
sweeping motion to make fortuitous catches. The common feature of
dip netting sites was the presence of swirling backcurrents at thé
edge of rapids and falls.

The earliest visitors to the Northwest Coast recorded the
practice of dip netting at the canyons of principal rivers. Lewis and
Clark arriving at the Dalles on the Columbia River in 1805 reported
an intensive fishery operated there to pfoduce large quantities of
salmon, dried and systematically bundled for tramsport or for trade (19).

In the Fraser canyon near Yale, as Simon Fraser noted in his journal



Plate V.

Fraser River Dip Net Station

(braced net in place)
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entry for June 29, 1808, saimon fishermen were dip netting in thé
canyon_using implemenfs with shafts 20 feet in length. The published
accounts of explorers support the view that canyon dip net sites were
highly productive resource locations where salmon runs could be
efficiently exploited.

The following excerpts are from two unpubiished first-hand
accounts of Fraser canyon dip netting (c.1852-1867)(20). The first was
written by Fred Dally, a pfofessional phdtographer whose glass-negative
shots of fishermen using the dip net, and of Cowichan weirs, have
survived (21). After viewing the dip net stations in the twenty mile

stretch above Yale, Dally reported:

...they build a light platform of poles jutting
out of the clefts of the rocks overhanging the
river with two or three short planks to stand upon
...they certainly are very light and picturesque
to look at but for anyone but the most skilled

to stand upon most dangerous.

(B.C. Provincial archives)
Dally also collected this account written in the early 1850s by two

English travellers, Milton and Cheadle:

...we passed many Indians engaged in salmon
fishing...they select some point in the

fierce rapids where a quiet eddy forms under
the lee of a projecting rock. Over the rock
they sling a little platform of poles, within
a convenient distance of the surface of the
water, and from this position grope untiringly
in the eddy with a kind of oval landing-net.

The characteristic behaviour of salmon during the spawning runs through

the canyon did not go unnoticed by Milton and Cheadle:



113a -

Fraser River Dip Net (pursed)

Plate VI.
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The salmon, wearied by their exertions in
overcoming the torrent, rest for a time in
the little eddy before making the next
attempt to mount the rapid, and are taken
in hundreds by these clever fishermen.

(B.C. Provincial archives)
Summer weather in the canyon is usuaily ideal for drying salmon - hot
and dry, with a steady wind; both smoke-dried and air-dried stores were
produced.

In the Klamath River, in Northwestern California, dip net
sites were equally as significant as on the Fraser and' Columbia Rivers,_
perhaps more. so. Tﬁe Yurok, Karok; and Hupé peoplé used large A-frame
lifting nets braced against stagings built out over the eddies. At the
rapids they used the plunge net, an adaptation of the dip net used with
an overhead motion (see Figure 14). Kroeber and Barrett (1960) provide

the following commentary on the platforms associated with dip netting:

The scaffold or staging is essentially a
combination gangplank and operating platform
built out over the river...On this narrow
platform the lone fisherman walks out to
near the end, perpendicularly lowers his
triangular net frame to the bottom, (and)
seats himself on a wooden block stool while
holding the closure line to the bag of his
net...(it) can of course not be built in
any regular or preconceived shape because
it has to be fitted into idiosyncracies of
shore and river bottom...The number,
direction, angles, and joining of the

poles and planks must conform to the

‘given terrain...

- (ibid:33)
Since the number of suitable locations at eddies along the river were

limited, the ownership and control of dip netting stations was highly
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Figure 1l4. Northwestern California plunge net for salmon.
(Based on a photograph in Kroeber & Barrett:1960).
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valued. The evidence for the Kiamath, Columbia and Fraser dip net
complex is clear on this point; fishing places at eddies where stations

could be built were always owned.

2. Types-and Materials

As a generic term dip nets denotes a range of devices including
the secondary implements needed to land salmon at weirs and traps.
As a'primary-production systém, however, the dip net complex refers
to the strategies used at canyon sites and rapids, described above.
Distinctions in tWO'operative'styles are given here: the net used in
a braced position or actively plungéd or swept through riffles and
eddies. 'Lifting net' is the term favoured by Kroeber and Barrett to
describe the characteristic Northwestern California A-frame braced net.
They call the smaller acti&e net a 'plunge net'. Elsewhere the common
English word given to all styles is. .simply 'dip net', bﬁt in each
native ianguage a distinction-wés made between the two principal types
(cf Duff;l952:63). In Halkomelem not only the two net styles but the
distinctions in how each was operéted had a separate name.

A sﬁecial.dOWnriver adaptation of the dip net is repbrted
which makes reference to channels dug at the edge of the river; this

and one or two other variations will be briefly described.
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(a) Large braced dip nets

Although.different in appearancé, trapezoidal and elliptical
dip nets werelsimilar in function. The Yufok model with its complicated
signalling devices, conical net shape, and wide trapezoidal frame was
set vertically in the water using'the‘backcurrent of the eddy to hbld
the mouth open. The Fraser-Columbia model had a bag-shaped net attached
by bonevfings to an -elliptical hoop of vine maple; a line through the
rings held the net mouth opén until it was released by the fisherman
when a salmon was netted. It.too was set vertically, the long shaft
braced against the fishing platform.

The advantage of the braced net was that it could be set deep
in the water. Duff (1952:63) says that in tﬁe Fraser‘chinook salmon
run at depths of below five feet. The>large»dip-net "was braced against
the pull of the current of the eddy either by hoiding it against a pole
tied in position or by tying a line between the handle of the net and
the shore'. Kroeber and Barrett's data indicates that the supporting
pole built into the staging platform was attached to a loop on the

A-frame; a guy line held the other side:

These two devices, the loop and the guy line,
hold the large A-frame firmly in its vertical
position at the staging. Otherwise the
current, at times quite swift, might sweep
the net, frame and all, completely out of the
hands of the fisherman. :

(1960:34)
The similarity is apparent; the Klamath, however, is not as deep as the

Fraser and stagings were constructed so that the A-frame rested on the
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streambed. - - Dip net stations at all canyon sites were, as has
been said, idiosyncratic; designed to fit the natural features of
the riverbank above favourable eddies. At some stations few if any
improvements.were needed to provide a foothold but fishermen often
tied themselves to shore for safety.

Details of the manufacture of thé nets, maferials, sizes,
lengths of shafts, and how the nets were triggered to close or 'purse',
are summarized in TaBles VI and VII. A comparison of all
available data.of'significance'is included in these tables but there
is insufficient space to. treat properly the variations in triggering
devices{ All large dip nets hadie system of signal lines (Fig.l5

shows the pursed dip net used in the Fraser Canyon).

). Active dip nets

‘Two variations in style represent nets moved actively through
the water in either a sweeping or plunging motion (see Fig.l4 ). The
Fraser-Columbia model was a smaller version of the braced dip net; a
bag~shaped net on an elliptical hoop. But it was lighter, easier to
manipulate, and had a smaller frame. Klamath 'plunge nets' were mounted
on a frame'cdnsisting of a pair of side poles which met at the top and
were reinforced with a eross;pieee, called the head bar. The fisherman
.stood overvthe surging waters near a falls and.manipulated the net with
a forward thrust. He could stand between the side poles or behind
them, his arms upraised; often he would be struck by the head bar;

and wore a basketry cap for protection:.
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TABLE VI

TYPES OF DIP NETS

Location Type and Materials
Net Frame Shaft
Fraser b i
e a) braced dip net elliptical
Indian hemp vine maple fir or cedar

pursed on bone rings
signal line to close

b) swept dip net
similar to above but smaller
pursed or non-pursed(?)

Columbia a) common dip net1 -

B S elliptical -—

maple sapling oxhorn segment to
.bent into hoop hold hoop ends

willow or flax fibre
fastened tightly to
hoop

b) pursed dip net
similar to above but with
slip-knot pursing line to close

Klamath a) A-frame lifting net
iris fibres trapezoidal two handles con-
conical net attached verge from frame
by headlines to frame to make A-shape

signal & triggering lines
to close mouth of net

b) plunge net

iris fibres semi-circular two handles. con-

conical net attached verge from hoop

firmly by its loops , to make snowshoe
shape

lColumbia dip nets data does not specify

whether braced or swept in the eddy.
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TABLE VII

COMPARATIVE DIMENSIONS OF DIP NETS

Location Type Net Frame . Shaft
Fraser a) braced dip net
’ 4 to 5 ft 6 ft by 3 16 ft and longer
deep to 4 ft
diameter
b) swept dip net : -
- 4 ft by 3 ft 'long'
diameter
Columbia conical net :
: 4 ft deep 2 ft "long'
diameter '
Klamath a) A-frame lifting net ,
5 to 6 meters 2.meters '"long'
deep wide
specimen1 540 cm trapezoidal: -
measured deep 105 cm top margin
210 cm bottom
166 cm both sides
b) plunge net
conical 1 meter 4 meters
‘diameter

1Kroeber & Barrett:1960:35
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Figure 15. Fraser River dip net. Bone rings on elliptical hoop (a).
Net pursed when line released (b).
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Dip nets made dn the Fraser—-Columbia pattern were swept
through roily backcurrents where salmon would linger below the rapids.
Fraser sockeye, for example, swim near the surface»and, with luck,
could be swept up in the dip net. Both dip nets-anézgggggg nets were

repeatedly immersed. In the Klamath which has no sockeye runs, the

plunge net would take coho and chinook.

(c) . River mouth (downriver) adaptation-dip net

A special adaptation reported for the Quinault aﬂd lower
Columbia’groups was used at sites near a river mouth.. Channels were
excavated and platforms built from which évdip net similar to (b)
(Columbia model).was manipulated. The shaft was.12—15 feeé long.
Ray (1938:109) reports for the Chinook that it was a spring fishery,
probably for chinook and sockeye which run together in May-July.

operated before the level of the Columbia rose.

...channels were dug near the shore...of proper
width and depth to accommodate a dip net. A
staging was then erected and made variable in
height so that it might be adjusted to changes
in water level. The edge of the staging was
aligned with the inner edge of the channel...

The fisherman moved along the staging, keeping his dip net in the
channel; | |

Olson (1936:31-33) reports the same adaptation for the
Quinault whicﬁ was used at low tide because there were ''mo ownership

restrictions below the high tide mark".
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3. Distribution

As a highly productive salmon technology complex, the dip
net was used at canyon sites in rivers with“major'salmon populations.
While the Fraser, Columbia and Klamath are best documented, other
evidence is also available. The Chilkat (Tlingit) used dip nets
twenty-six milés upstream from .the mouth of the river; Hartley Bay
and Gitksan .(Tsimshian) buiit‘scaffoldé out over the eddies for dip
netting salmon; but there is no reference in this literature to Nass
River resource holding groups. Oregon Coast groups and the Tillamook
built scaffolds for 'lifting nets' (Barnett:1937:164:195), however,
the site locations are not indicated. The Tolowa used'the A-frame
iifting‘net but, according to Kroeber and Barrett (1960:154) had no
platforms; apparently it was not a significant fishing method on the
Smith River. A similar stateﬁent is made for the littoral Wiyot who
did not have access to the Klamath'Rivér._

. The Skeena data show divergence from the pattern of canyon dip
net stations in principal.rivers.' No details are provided in the
regular ethnogfaphic sources to déscribe a complex similar to Fraser
and Columbia river canyon sites. There is confirmation that dip nets
were ﬁsed by the Gitksan and the Hartley Bay Coast Tsimshian; but there
is no indication of the relative importance it had. Oﬁe can only
"conclude that while local resource holders may have found appropriate
conditions for the use of dip met technology in smaller systems, only
on the Columbia, Fraser, and Klamath Rivers can the complex be regarded

as significant.
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Figure 16 .

Northwest Coast Culture Area

Salmon Technology Complex 11 - Dip Net Stations
(see Appendix I: Table XX)
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4. Soéial Variables -

Fishing stations in the canyons where dip nettiﬁg
technology was used were regarded ds valuable resource holdings. Sites
were owned by lineage groups who had recognized rights of access to the
fishery. Each such loéétion was known by name (22).: Speaking for the
Northwestern California region, Hewes records in his field notes
(1940) [quoted in Kroeber and Barrett:1960 ] that fishing places at
eddies where A-frame lifting nets and stations were operated were
"always owned privately". Kféeber (1925) had found that not only were
the sites owned but sometimes they were consideréd corporate property
with several.peoplé having 'shares' in the fishing rights at the site.
The shares were paidvout'dn the basis of épportioning the length of time
a co-owner could fish; the time units were usually on a twelve hour
basis, thus an‘individual might have the right to fish at the station
one day a week, or two and a half, or any divisable number. Ownership
notions in'the area, particularly among Yurok and Karok, are highly
individualistiq. |

Spier and Sapir (1930) were told that fishing stations in

the canyon

...passed by inheritance into the possession of
a group of relatives in each generation. ...No
one else was allowed to fish at a particular
station without permission of its owners...

Each station had its overseer who was usually

a chief or head man.

(p.175)
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As many as six to ten men might claim property rights, any one of whom
could "preempt the best place at the station temporarily" (ibid).
Whether all the co-owners were of one corporate lineage group is
unclear, but they shared kinship ties.

Fraser canyon sites were named and owned by an association
defined by Jorgensen (1969) as 'patrideﬁe and sons'. Upper Stalo
people, particularly the Tait who occupied villages in the canyon from
"Hope to five miles upstream of Ygle, were tﬁe principal owners of dip
netting stationé. But flexible associations of kin-based membership in
resource holding groups and bilateral inheritance rules among the
Halkomelem may have provided fishing opportunities for some downriver
people who could support a claim.

Although ownership of stations was sometimes collective and
always specific, the ownership éf the dip net itself was individualistic.
The materiais needed to make a dip net were readily available, and its
‘manufacture could be accomplished without difficulty. As Spier and

Sapir's informants related:

While the station and the staging erected there
was common property to the group of owners,
each man fished with his own...net.
(p.175)
The salmon caught was carried by family members up to the processing
areas above the site. The occupation of fishing at the dip net station

was a solitary endeavour. No doubt at the height of the season men

would spell one another off, taking turns at the arduous work.
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5. Ecological Variables-

The two principal styles of dip nets were, at least to some
extent, related to differences in salmon species. The larger braced
net was designed to take chinook salmon which run early in the season
when the river is high. The combination of heavier currents and more
sizeable species ﬁas met by a sturdier version of the dip net and a
technology capable of withstanding the greater demands plaéed on it.
Braced nets were set lower in the stream, according to Halkomelem
informants, because chinook swim ét depths slightly below sockeye.

The lighter, more fleiible dip net used with a sweeping or plunging
action was suitable for smaller species, sockeye, coho.(and steelhead
trout). Smaller chinook were also taken by this means. In the Skeena,
Fraser, and Columbia there is some overlap oﬁ chinook and sockeye runs;
the dip net season was July and August in the'FraSer; May, Juné and
early July in the Columbia (Spier & Sapir:1930:174). On the Klamath
the most important runs of chinéok appear as early as July although
they are considered to be part of the fall runm.

There is a correlation between important chinook salmon
producing rivers and the use of dip net technology. Although they are
‘the largest and often stated to be.the mést favoured, chinook are not
the most abundant specieé and their distribution is limited to a few
rivers. The Columbia was the centre for chinook abundance on the
Pacific coast. I do not have an estimate of the pre-colonial chinook
population supported in the Columbia watershed but it was significantly

greater than the Fraser population which, in a reconstruction of salmon

"
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stocks beginning with the cycle year 1801, has been estimated at
300,000 (23). Other relative estimates can be made on the basis of
escapement figures which indicate the suppoft capability of a.river
system. The present Fraser escapement averages (in thousands) 40-80,
the Columbia exceeds 100, the Skeena 30-60, and the Klamath is broadly
estimated at 50+ (INPFC:Bull23).

‘Differences in species alone does not account for the two dip
netting methods; in fact, the Northwestern California data suggests
that differences in site features were more pertinent to the selection
of one method over the other. To operate either braced or plunged nets
the countercurrent of an eddy must. be accessible to ﬁhe fishermen,
Where a swift current is channeled through a narrow pass in the river
the water is roily and turbid in the mainstfeam, the force converted
at spots along the shore into strong eddieé. The A-frame required a
strong, sﬁeady coﬁnter currént to hold open the net, whereas the plunge
net could be employed in swirly unstable eddies. The fishermen also
counted on water turbidity to prevent the salmon.from seeing the net,
and in summer a considerable amount of silt is carried downriver in
large Northwest Coast systems. In summary, the specific river features
that existed at dip net locations naturally limited the number of

appropriate sites.
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SALMON TECHNOLOGY COMPLEX 12 - REEF NETS

1. . ‘Contextual ‘Description -

.The reef net was a distinctive salmon technology complex
designed to intercept the Fraser-bound runs of sockeye and pinks at
salt water shallows in the Straits. A large net was anchored in
position facing into the current which brought salmon. The‘direction
of the tide and current was the samé at most reef‘net locations:
the current accompanied an incoming tide, and when the tide ebbed the
current reverséd. The opening to the net was set in the direction of
the current and could not be changed when the tide changed. .Setting
the anchors and lines of the reef net was a major undertaking; once
.set,.;he net remained in position for the season. Indeéd, each
location was suited only to one or the other tides; a flood tide was
" the preferred. Limitations of ‘time and tide did not prevent the reef
net from being a highly productive system. A single operation was
capable of capturing hundreds of pounds of fish.

The reef net fishery operated at locations‘in'the salt water
channels of Haro and Rosario Straits, off headlands on the San Juan
Islands,-Lummi Island, and Point Roberts peninsula.‘ It is here that
the ﬁaters of the Strait‘of Georgia and Jﬁan de Fuca Strait meet.
Fraser River sockeye runs typically approach the mouth of the river by
a southerly route, through Juan de Fuca. The runs usually appear in
July and August but in one year of four when the cycle of quadrennial

dominance effects the composition of sockeye stocks the runs appear
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in August and September. Several millions of sockeye run to the
Frasér; in a dominant year the estimate is as high as 8 million or
more. Low cycle years bring runs of 2-3 million sockeye. As the

run neared the mouth of the Fraser it became more densely concentrated;
reef net sites at Point Roberts had the best access to abundant stocks
of salmon.

The valﬁe of permanent reef net lqéations to Straits Salish
resource holding groups cannot be underestimated. As a littoral
society with no direct access to the Fraser River, and no sockeye
streams in its own territory, Straits fishermen nevertheless exploited
the resources of the major sockeye producing river on the Pacific coast.
Reef net technology made it possible to catch salmon in large numbers
before the runs left salt water. .Locations were named and owned. A
crew operating from two anchored canoes aside tﬁe net worked for the
owner of the site on a co-adventure basis (24), each man receiving his
allotted share of the catch. Since locatioﬁs were limited by natural
conditions, those who owned and controlled reef net sites had a

distinct economic advantage.

2. Types and Materials

Only one type of reef ne; was operated, a large rectangular
net with a wiae mouth entrance; the nether end formed a bunt in which.
.a small hole (the 'vulva') ﬁas left. Thé net comprised many sections
of net pieces, joined together by a ritualist. Each section was owned

by a member of the crew. The owner of the site decided how many people
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would have shares in the enterprise, and this in turn determined the
size of the net. The usual range was between 30 to 40 ft in length,
and 20 to 30 ft in width. Nets were made of willow bast twine in a
small mesh and often dyed a.darker shade to make them less noticeable.
Reef net lines were méde of cedar withe ropes 1% to 2 inches thick.

Four huge boulder anchors were laid at distances 200 ft
apart, squarely. Each anchor compriéed several hundredweight beach
.bouldérs which had been looped with cedar withe rope and lowered one
by oné to the seabed; Two main'forward anchors were set ahead of the
leading edge of the reef net. From each forward anchor (a) a lead
line attached to a buoy led to the canoce, and (b) a head anchor line
led to the lower corner of the net mouth. There were sinkers at the
lower net mouth. The breast anchors were laid 'to the outside rear
position of each canoe to stabilize and counterbalance the weight of
_'thg net. The lengthwise-margin of the reef net was suspended by side
lines from each canoe. The principal lines of tension wefe froﬁ
forward anchor to net mouth, from breast anchor to canoe, and from canoe
to net side lines. The stability of the net was secured by stress
displacement on these main lines.

The space anterior to the net mouth was cleared to provide a
pathway for the salmon to enter. Typically the area was defined by the
use of floor and side lines as.an entrance to the net. Beginning
100 ft or more in advance of the net as many as thirty lines might be
used. Side or wall ‘lines were attached at the top to the reef net
lead line, and at the bottom to the head anchor line. . Floor lines ran

from one head anchor line to the other. Seaweed was sometimes tied
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to them to give fish the illusion of a natural pathway through undersea
vegetation. For the same reaSoh;_ikaelp were preéent on the reef,
the space in front of the net would be cleared of growth.

An organization of anchors, sinkers, buoys, and lines held
the net in position, éuspended between two large canoes of a special
design. A crew of 10 to.l4 men was common. The captain stood in the
offshore canoe ready to give the signal when it was time to close the
net. Lines to the breast anchors held the canoes athwart, parallel
to the reef net. A pin on the gunwale of each canoe took up the slack,
holding the breast lines taut until released. As soon as the salmon

entered the net the captain gave the word to 1lift it.

All pulled at the net side lines or at lines
attached to the net weight. At the command...
"Release it!" the men at the breast lines
pulled the pins and allowed the two canoes

to come together. 'The fishermen pulled the
net into the inshore canoe and took the fish
into the offshore canoe. As they lifted th
net they ''saluted" the fish... :

(Suttles:1951:171)

3. "Distribution

The Straits Salish were the only Northwest Coast people'to
employ the reef net(25). Suttles (1951) has mapped 34 locations in the
straits and 15 locations at Point Roberts that were owned by Lummi,
Semiahmoo, Songish, Saanich and other Straits resource holders.

Suttles has collected mény references to the histories of the locations

and names of past owners.
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Figure 17

Northwest Coast Culture Area

Salmon Technology Complex 12 - Reef Nets

(see Appendix I: Table XXI)
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The reef net was exceptionally productive.

With fishing at its best a single net may
secure as many as 2,000 salmon in a day, but
to do this the fishing canoes must continue
at their posts, the catch being transferred
to shore by other boats.

(Rathbun:1900:314 quoted in Suttles)
The productive capability of the reef net given optimal conditions

could be even further extended.

There is a small but productive reef inside
of Iceberg Point, at the southern end of
Lopez Island, on which a few nets are used,
and where daily catches of 3,000 to 4,000
salmon are sometimes made.

(ibid:315; in Suttles:220)

4. » Social Variables

(a) Crew recruitment -- Owners of reef net locations

recruited men to work on the net in a co-adventure relationship.‘ The
obligation of a crew member was to contribute a section of the net.
The materials for net'making were collected’by women in his family

and made into cordage from which each fisherman wove his net section.
For this investment the fisherman received in return a share of the
season's catch, duly apportioned according to an established dis-
tribution procedure. The catch was counted out first in groups of
twenties (by tens doubled:see Suttles:1951:179-180), the crew members
receiving first shares. If the catch was large, the captain repeated

the count until all the salmon were distributed.
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The owner divided, or had his captain divide,

the fish among the crew in this way after each

day's fishing until they had received enough.

Thereafter the fish were his. The wives of the

crew members, who until this time had been

drying their own fish, now helped dry the

owner's fish.’

(ibid)
During the season the’Ownét of the location was also responsible for
feeding the crew members after a day's work.

The labour-intensive nature of the reef net complex is
underscored by the relatioﬁ between>the site owner and the crew. While
the owner had (exclusive) access to a resource-rich location he could
exploit it only through the use of a technology that required
conéiderable expenditure of labour investment, particularly in cordage
manufacture. th only.did crew members and their families supply the
netting materials but in addition thé ﬁhole crew co-operated to make
the heavy cedar withe lines needed for the reef net. Suttles noted
that when native materials were no longer used the size of the crew
decreased to as few as six men (ibid:220). Apparently the main capital
investmenf ﬁade By the owner (other than his commitment to feed the
crew members) was in ancﬁor stones, considered to be his pfoperty.

The value of the labour provided by crew members was important to the
success of the traditional reef net. On the other ﬁand, by becoming
a member of a crew an individual gained access to productive resource

areas.

(b) Site ownership ——-Natural limitations on the number of

possible reef net locations increased the value of site ownership..

Those who claimed hereditary rights of access to the site were
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.sometimes’opposed. "Ofteh there waé more than one claimant to a

. location™, as Suttles observed.(ibid:ZlS). Demographic changes that .
occured in the late nineteenth century affected previous patterns of
transferring inherited rights.

Rights of ownership to reef net locations were inherited,
apparentiy by an individual, or transferred through marriage. Suttles'
informants emphasized the names of individuals as owners rather than
 families. - Boas (1890) had understood that each Songish winter village
had a corresponding reef net location. But it is not possible now to
find evidence to support'this; either for the Songish or any other
Straits group, in Suttles opinion. There isvno apparent éorrelation
of winter village to location, nor-of village leader to location owner.

Suttles' conclusion is:

"I believe ownership can best be treated as if it

were individual, recognizing that the owner may

have felt obligations toward kinsmen who might

be co-heirs but not co-owners.

(1951:222)

What we do know is that each location was named and owned by a
specified resource holder who had full rights of access to the site,
and who could recruit and maintain a crew for the season. The owner if
he wished could appoint someone else to be 'captain', the person who
gave the signal to close the net and generally conducted the operation.
A ritualist was also required to put the sections of net together

according to the proper procedure. The origin was credited to

supernatural helpers who taught people how to use the reef net



- 137 -

(ibid:172). That the reef net was not a recent development seéems
to be supported by such evidence as the special observances that

attended joining the net pieces and speaking the commands.

5. Ecological Variables

The reef net operated during the summer runs of pinks and
sockeye salmon when the waters of the Straits were relatively calm,
and the weather clear. These conditions were required to successfully
operate the reef net. Heavy tides and strong currents would put too
much stress on the net lines and anchors. Moreover, since the net’
was operated without signalling devices, the captain needed good
visibility. Oceénographic features also played a-part. As previously
mentioned, appropriate tides and currents were essential for net
operation. At some locations at Point Roberts the current stayed the
same despite changes iﬁ tidal direction, and thus the net could be
operated for longer periods of time each working day; In other locatioms,
a floodtide was best. Seabed features on the shoals required water
depths sufficient to allow the top of the net to be Submerged a few
feet below the surface of the sea, and the bottom of the net to be
suspended several feet above the ocean floor to prevent snagging.

The quadrennial dominance of Fraser River sockeye had its
high cycle year in 1801, and each subsequent fourth year, until the
Hell's Gate disasters, in 1913-14, almost destroyed the Adam's Lake

run and other significant spawning populations. A slow recovery of
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stocks occurred during the 1920s and 1930s; the Adam's Lake run
eventually reconstituted itself in a new quadrennial cycle‘with the
dominant year equivalent to 1922 and every foﬁrth year following.

Reconstructions of nineteenth century Fraser River salmon
abundance (Kew:1976; Berringer:1976) demonstrate that the quadrennial
dominance of sockeye establishes for all species a ratio of 14:2:1:1.

The presence of biennial odd-year pink salmon changes this ratio to
6:1:2:1. (These figures are based on the estimated average abundance
of all salmon stocks as they enter the mouth of the Fraser River.)

As a result, the Frasef runs of odd-year pinks serve to even out
abundance flucfuations.

CharactefiStically;-the Iargest proportion'of Fraser-bound
sockeye and pink salmon enter the estuary via the Straits of Juan de Fuca.
Howgver,»at irregular intervals of time, for reasoné unknown but possibly
associated with marine temperatures in the offshore approaches, salmon
will come from the northern route instead; that is, through Johnstone
Strait. Thus, the runs would not enter the area south of the Fraser
estuary, where Straits Salish people had resource locations. Consequently,

when that occurred in the past, the reef net fishery would fail.
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PART ONE Footnotes

Early accounts of this period on the lower Columbia are
included in Lewis and Clark (Thwaites edn. 1905), Cox:19
(orig. pub. 1831), Franchere:1854 (orig. pub. 1820),

and Ross:1849, '

Croes, ed. (1976, 1980) reports the .excavation of water
saturated sites on the Hoko River revealed a 2,500 year
old fishing camp.

See ff Appendix I Table XV, p.4.

Gill nets were mainly used as a sturgeon fishing method
the Katzie, and it is within this context that Suttles
provides these observations on ownership restrictions
(1955:22). '

Nehalam River is not specifically identified in the
ethnographic literature but of the several rivers which
empty into Tillamook Bay it has the largest salmon runs
(INPFC:BULL.23).

Haeberlin and Gunther (1930:27) reported alder was used
pilings or posts; willow for staves, i.e., the poles of

the panels.

A circular, bowl-shaped net of the same type was used at

weirs by the Lushootseed, Quileute, and Quinault. Olson

57

for

.1936:29 reports that nettle fibre was used for the cordage

materials, and elk sinew, '"fine as grocer's twine" for
signal devices. '

Elmendorf:1960:69-70 provides the most detailed accounting

of the technical aspects associated with dipping nets at
communal weirs.

"The operator pulled apart on the upper, crossed
ends of the side poles as he drove the lower ends,
with prong attachments, into the stream bed. This
expanded the hoop in a direction parallel to the
current and drove the prongs in beyond the support
stake. The latter, engaging the prongs in the
river bottom, prevented the current from tearing
the prongs out and carrying the net downstream,
and allowed the net to remain fixed on the bottom
of the stream.
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With the net in this lowered position, the loop
on the trigger string was slightly below the
level of the platform floor...held taut...When
he felt movement of a fish against the string
the fisherman leaped to his feet and pulled up
on the dip-net side poles, raised the hoop
frame above water level, rotated the net 90
degrees horizontally, and hooked the prongs

on either side of the net frame over the
outside pole of the platform scaffold and the
inside pole of the platform floor. The net
frame was now suspended about four feet above
the water, and any fish in the net could be
removed and clubbed."

This estimation is based principally on the emphasis given
these two technologies in the Kroeber & Barrett study.
No direct evidence is available.

cf Smith:1940; Elmendorf:1960; and Olson:1936.

18th and 19th century useage of the words 'pots' and 'wears'
to describe basketry traps is verified by the Oxford English
Dictionary, 1933 edn. 'Weir' and 'wear' are used inter-
changeably. One definition of weir/wear is the river
obstruction device referred to in this study as weir. A
second definition is given that refers to basketry traps,
called wears, pots, or weels. The OED cites published
examples of useage, as follows: ‘'sets his weir' (1834),

'a weir is a basket loose and'open at one end, and smaller
at the other, into which the fish were driven' (1845), and

‘a weel was 'made of osier-twigs which are supported by

Circles or Hoops that go round, and are ever~diminishing;
its Mouth is somewhat Broad; but the other end terminates
in a Point' (1725). 1In addition, a definition for 'pot’

is given as "A wicker basket used as a trap for fish...".

I have not examined early Department of Fisheries, Government
of Canada, reports for the period; these and other historical
sources may contain a more adequate description.

These details are from McIlwraith's (1948) geographical
listing of villages: Village #23, Appendix.

Mackenzie was very impressed with their canoe skills both
on this occasion and others; the Bella Coola fishermen
accomplished this feat just cited "without taking in a drop
of water".

Culture Elements numbered 15 to 19 inclusive (1950:166-167).
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Whether this trap was on the Bella Coola River or omne
of the other five or six large rivers that empty into
Dean Channel, Bentick Arm or Burke Channel within Bella
Coola territory, is not reported.

McIlwraith mentions that such information was extremely
difficult to obtain (1948:286). All other quotes from
pp. 135-36.

INPFC:1967:275 reports that 897 of the total Skeena
escapement of sockeye is composed of stocks that enter
the Babine and neighbouring lake systems.

A full description of the method used to dry, pulverize,
and press the salmon supplies into transport baskets is
given by Lewis & Clark (quoted extensively in Spier and
Sapir:1930:178-79). Each tightly packed basket contained
90-100 1bs of dried salmon, wrapped in protective materials
made of dried fish skins. Twelve baskets, seven on the
bottom and five on top, formed a stack which was wrapped
in mats and tied, awaiting transport. "...the fish thus
preserved are kept sound and sweet for several years...
At the Dalles, 'the stock of fish dried and pounded was
so abundant that he (Clark) counted one hundred and seven
of them (bundles), making more than ten thousand pounds

of that provision'".

These documents are kept in Frederick Dally's file in the
B.C. Provincial Archives.

One of Dally's Cowichan weir photographs is included in
this study (see Plate I).

Duff:1952:63.

Kew:1976; Berringer:1976.

cf Andersen & Wadel:1972.

cf Suttles:1951:155 ff. for discussion of Barnett:1939

incorrect listing of reef net for Halkomelem and Northern
Gulf groups.
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PART TWO —-- SALMON -BIOLOGY AND HABITAT: the ecological record

1. Introduction

The anadromous Pacific salmon. (Onicorhynchus sp.) is one of

the planet's great migratory tribes. Sweeping through .sea lanes iﬁ the
subarctic zone of the Pacific, salmon spend most of their 1iveé un-
observed by humans. As with other migratory animals, salmon resolve
the problems associated with feeding a mass population by extending
the space they occupy at various life stages. Through the mechaniém
of migration, salmon, caribou, Canada geese, the gray whale, the hump-
back whale, and northern fur seals secure relatively safe breeding
grounds to rear their young in one type of location, and sufficient
food supplies for adult members in another. Neceséarily, migratory
animals are highly adapted to a fange’of'eCOIOgical conditions.
Anadromous salmon, for example, reared in fresh water, emigrate downstream
as young fry and make an adaptation to salt water conditions at the
estuary. Duringythe adult phase, salmon are marine predators, living on
small fish, fish larvae, squid, and crustaceans. including euphasiids,
amphipods, and copépods.. At maturity they return to the natal stream
to spawn and die; To human interceptors, migrating salmon stocks become
a useable resource only as they near the end of their life cycle, and
move from the open marine énvironment to the waters near land.

Pacific salmon are distributed widely in the north Pacific,
entering coastal streams-in‘Asia and North America.to spawn. There are

six species:  chinook, coho, pink, sockeye, chum, and masu (Oncorhynchus
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masou), but only the first five enter fresh water in North. America.
The masu inhabits waters off eastern Asia to the estuary of the Amur
River, and in the Sea of Japan, where its centre of abundance is

Hokkaido. Masu salmon closely resemble coho, the only Oncorhynchus sp.

'that‘does not run in Asian streams. The.geographicai distribution of
the two species is totally separate (INPFC:16:76).  The range of salmon
disfribution within the Northwest Coast culture area is as folloWs:
all five species occur in Alaska to the northern limit of our area and
beyond to Bristol Bay and the Bering Strait; but only chinook and coho
occur in Northwestern California, the southern limit. Beyond this,
chinook and coho extend their range about 3° latitude south to 37°.
Chinook run-in the Sacrémento River and into the San Joaquin system,
where their southernmost rangé is the Merced River. Coho enter coastal
streams,near_Monterey but do not . spawn in the Sacramento watershed; the
San Lorenzo River is the most southerly coho spawning grounds. Chum
salmon run in most Oregon coastal streams as far south as the Coquille
River where an Athapascan-group, the Coquille, once lived. Sockeye run
in the Columbia watershed system, reaching their southern extent at
Redfish Lake, Idaho, in the Snake River tributary, outside the limits
of Northwest Coast éulture (1). Pink salmon may at one time have
occurred in the Columbia system too ( 2), but the Puyallub River in
Puget Sound is now the limit of their southerly range (IﬁPFC:ZB:Part 4:
Fig.5,6,8,13,21, and Table 2).>

A comparison of Pacific salmon to other.:fish of the same

family, Salmonidae, is useful. Steelhead trout (Salmo gairdneri),

Atlantic salmon (Salmo salar), and the coastal Cutthroat trout (Salmo
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‘clarki clarki) are related and similar in general appearance to Pacific

salmon species. Atlantic salmon occupy much the same macro-region of
the Atlantic és Pacific salmon do of the Pacific. Both are adapted to
cool temperatures both in ocean currents and spawning streams. Atlantic
salmon run in.rivers in Scandinavia, Greenland, Iceland, Ireland, Great
Britain, Canada, and as far south as Connecticut in the west, and
northern Spain in the east. An historical reconstruction of Atlantic
salmon fisheries in the Kemijoki‘River in Finland, a major salmon
producing area, indicates the antiquity of weirs énd large river traps
inAnorthern Europe (Vilkuna:1975).

Atlantic salmon is distingﬁished from Pacific salmon not only
by geography and genétic separation, but by life.history differences.
The.composition and timing of rums doés'not exhibit the same intensity

‘and regularity among Salmo sp. as is characteristic of Oncorhynchus sp.

Migrations back to fresh water are more widely dispersed in time both
for Atlantic salmon and the Salmo-sp. that run in‘the Pacific streams,
steelheadvand rainbow trout. Many Salmo sp. individuals return to
spéwn moré than onhce, although it has been noted that temperature and
latitude.may affect this capability. The rainbow trout survival to
spawn again decreases from south to north (Hart:l973:12§).

Steelhead occur co-terminously with runs of salmon spawners in
.many.streams, parficularly.in Puget Souﬁd and in thé Coiumbia Ri&er area,
centreé of steelhéad abundance on the coast. Elmendorf cites a Twana
informant who said the steelhead were a 'tribe' of salmon. Yet, dis-
tinctioné in native languages were made for steelhead and for eaéh
species of salmon, both in the literature and in ethnoichthyology glosses

( 3). Characteristic differences in Salmo sp. behaviour during migration
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affected resoufce utilization. Steelhead trout will feed while in

fresh water, -and thus can be taken on a lure, -unlike Oncorhynchus sp.

which do not feed mor feadily accept a lure. Trout were sometimes
caught with salmon at weirs, in dip nets or lifting nets, and with

the harpoon. While anadromous steelhcad do not occur in streams in
Tlingit territory (Hart:1973:130), they are otherwise widely dispersed

throughout the Northwest Coast.

The distribution of individual species of Pacific salmon, the
centres of salmon abundance,:and characteristics of rivers and streams
within the areé will be examined later in this chapter. These macro-
environmental factors bear on the subjcct of salmon resource availability
in a more obvious way chan do.the small decails of biological variance.
Yet, the year-to-year .fluctuations .in sélmon population, variations in
survival rates, and the effects of streém gouging in. spawning areas were
also elements that ultimately determined the efficiency of resource
utilization.- Beforé'cnalyzing the patterns of species aﬁundance ahd
geographical'distfibution in Northwest Coast ethnographic areas, I will

summarize details about the biological nature of the salmon resource.
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The range of potential technological applications described
ip Part One indicates a salmon fishery on the Northwest Coast that was
diversified and complex. Unlike the maritime cod and halibut fishery
where baited hook-and-line techniquesjconstituted the main means of
production, traditional salmon fishing exhibited a‘wide latitude of
potential strategies, selected. to meet variafions in resource locations
and species of salmon. An objective of Part Two is to consider. the
ecological relations within the system of resource utilization in
gréater detail. What variables iﬁ{the nature of salmon resources
affect the seiection of extractive techniques-and~procedures?

The aspects that most directly concerned resource user-groups
were: =- where to catch salmon —- how to catch sufficient quantities
-- how to organize production requirements -- when to expect peak runs
to occur, and for what duration? Ecological variables included the
following:

(1) hydrological specifications: = turbidity, clarity,

velocity of the current, depths, breadths, riverbed features, temperatures,
salinity, tides, eddies, etc.; and

(ii) salmon characteristics: biological variability, timing

of runs, duration of peak periods, abundance, and the -distribution of
stocks.

In the interaction of these and other variables a salmon
fishery site is definable. The sets of ecological variables are in-

dependent, they are entities that exist in the world beyond human
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control or manipulation. The a priori conditions revealed by the

......

"fisherman's dilemma" ( 4). Dependént varigbles are those elements

in the superstructure of the traditional fishery which are social or
technological. The labour effort of co-operative groups or individuals,
differential control of productive resource 1ocations‘and the means of
production, the use and application of techﬁology are dependent
variables. A model of the Northwest Coast fishery includes the inter-
relation of both sets of variables. Thus in this study the process of
traditional salmon resource utilization is to be treated as a con-

stitutive system.
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3. Characteristics of Pacific ‘Salmon

a) ‘Life history:

The spawning populations in each salmon species must
meet the criteria of a different set of ecological conditions, yet
despite variations in detail they followed essentially the same life

pattern, .presented here in its general outline.

(i) early development

: newly hatched ‘alevins live for a few weeks on
the reserves of the sac to which they are
attached -

salmon emerge from gravel redds to remain in a
fresh water environment-.as free-swimming fry,
feeding on tiny life forms and insects. Sockeye
in this phase move into an adjacent lake system
where they remain for up to a. year.

fingerlings or fry emigrate downstream and
emerge in estuarial ‘waters where they typically
linger 5-6 weeks and .feed upon plankton and
zooplankton (pink, for example, remain in the
estuary 40 days growing from 3.5 cm to 8.4 cm).

(ii) adult salmon

developmental maritime phase continues for
several years as salmon gain maturity

sexually mature salmon migrate back to their
native watersheds, moving as a collective
gene pool unit once they gain fresh water

at the spawning grounds female salmon prepare
the redds, mate, and deposit. their eggs; they
then die.
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Salmon start life as newly hatched -alevins living on the
“;eserves of the sac attached to them. They emerge from the redds as
free-swimming fry feeding on tiny freshwater-life forms and inéects.
Lacustriné sockeye salmon. at this stage will migrate either upstream
or downstream to the nearby lake system where they spend their first
year. When it is time to 1eave the fresh water environment, young
salmon head downstream to the sea. The léngth of time of the emigration
is a factor of speed and distance.. Little fry swim with_the currents
and have been observed occasionally to swim faster in a slack flow.
"When they reach the estuary they linger for some time feeding on new
.life forms, and adapting to salt water conditions. Growth in the
estuaries is rapid.

A comparative study of temperature variation and its relation
to the gréwth of zooplankton in the Strait of Geofgia (Vernon:1958) has
demonstrated the dependance of young sélmon‘on the availability of
suffitient food resources when they first enter estuafial waters.
Vernon's data indicate an inverse correlation existS'between summer

' salt water temperatures in' Georgia Strait and the subsequent abundance
in Frasér River stocks of pink salmon returning to spawn in the next
cycle,

Entering the marine phase, young salmon move out into the
straits and channels to the sea. This life—stage is .least accessible to
researchers but it is known that salmon migrate great distances from
the river mouth; for example, coho salmon are recorded at 1600 km
offshore (Hart:1973:116). The length 6f time they remain in this phase

is particular to each species (Table VIII),?v as is the food they

~
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TABLE VIII

PACIFIC SALMON

A

Species Age at maturity Average weightaKlbs)
Chinook varies between 3 to 12.8
7 years
Coho 3 years 7.
Pink 2 years, invariable 5.4
Sockeye 4 years 6.
Chum

3 and 4 year-olds 11.7

aSource:Berringer (1976) based on average weights by species
of Fraser River stocks. Figures derived from IPSFC annual
reports of catch statistics. '
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select. Chinook will feed upon such fish as herring, pilchards, or
sand lance, and various kinds of invertebrates. Rapid weight gain
occurs early in the marine phase, however, growth continues even during:
the inshore migration. |

Mature sea-run salmon migrate back:to their native watershed
systems; feeding during the .coastward run to build up stores of energy.
All feeding ceases in fresh water or as the river mouth is approached.
Sexual dimorphism occurs as the upstream migration begins, and changes
in the appearance of salmon are evident. In:natal spawning locations,
they prepare the redds, mate and deposit their eggs in the streambed.
This function performed, soon afterwards they die.

An adequate number of adults must return to the spawning
grounds in.each generatioﬁ to ensure the continued success of salmon
populations. In modern fisheries management this group is called the
escapement. Salmon stocks are susceptible to mortality from many
sources. Théy are most vulnerable during the earliest phases in fresh
waﬁer and when they have first entered estuarial waters from their
rearing grounds; outward bound to the sea. The marine phase reduces
the population through natural attrition; the rate of survival is
dependent on the availability of food for salmon to feed upon. It is
assumed that most losses during the mérine phase are the result of
predation. Later in the life cycle, when mature salmon begin their
homeward run, they must.survive continual predation in coastai waters
both from larger animals (fish and marine mammals), and human

fisheries.
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b) | ‘variability:

Salmon aréfhighly susceptible to changes in their
environment, particularly in fresh water habitats where incubation
occurs ‘and alevins develop intO'ffy. .One indication of salmoﬁ well-
being is year-to-year average weight ratios within a single species
or, where the data is available, within a single stock.. The growth
of micro-organisms in the critical estuarial feeding grounds of newly
arrived -young salmon can be ‘influenced by temperature changes,
creating a noticeable occurrence throughout the coast of flﬁctuations
in average weight and population size (Neave:l966). Environmental
factors also have an impact on salmon growth during-fhe marine phase
when changes in temperature affect the food resources on which salmon
depend. Long and short term considerafions affect the abundance of
salmon that return to spawn in any given location. The relation between
ecological variability, the genetic integrity of spawnihg stocks, and
predator impact have implications for the survival of salmon populationms.

Long term changes in abundance are usually related to the
depletion of salmoh stocks due to (a) the destruction of spawning
grounds, (b) over-fishing a particular stock, or (c) river and stream
impediments that make it impossible for épawning salmon to reach the
natal stream. In récent'years humans have altered the environment to
the detriment of salmon stocks, especially through hydro-electric
projects and intensive over-fishing. Other factors include the removal
of forest cover, and subsequent destruction of spawning beds; mining

operations; railway construction in the valleys of important salmon
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rivers. Prior to industrial intervention of this type, natural
disasters could wipe out a spawning stream, or prevent retﬁrning
salmon from reaching their destination. Throughout all the centuries,
mud slides, flooding and scouring of gravel redds, and hydrological
and temperature changes generated natural variations in the abundance
and geographical distribution of salmon stocks.

Nevertheless, the threat to the salmon environment has been
accelerated in the past one hundred years. Human predation during the
intensive fisheries that operated at the mouths of the Skeena, Nass,
Fraser, and Columbia between 1880 and the beginning of World War T
reduced salmon stocks considerabiy. " Early observers noted that within
a few short years from the commencement of industrial fishing on the
Northwest Coast millions of -pounds of salmon had been shipped from
canneries to markets outside the area. The effects of over—-fishing
were dramatic. Some major -stocks mever fully recovered (5). Today
the conflicts of interest between fisheries ﬁanagement officials, com-
mercial fishermen, and the industry packers have not been resolved,
but‘perhéps a new awareness exists of the sensitive nature of salmon
ecology.

The impact of the traditional fishery on salmon stocks is
uniikely ever to have been severe. Canadian and American fishery
officials in the late nineteenth and early twentieth century mounted
a campaign to destroy weirs and ﬁraps used by native people, on the
assumption that such devices did not permit salmon escapement. However,
recent scientific investigations of salmon - stocks indicate that spawners

return to their natal streams, the pattern repeated to an accuracy rate
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of over 997 in populations studied (6). If, as it appears, each -
species of salmon is mnative to-specific -spawning locations, then

the fallacy of earlier beliefs on which white people acted is demon-
strated. Because, had traditional methods of salmon fishing prevented
escapement, it would not have been possible for Northwest Coast people
to remain on one river year after year, to build their communities
there, and to utilize the returning salmon. 'Traditional ﬁorthwest
Coast fishermen were highly aware of the need to permit escapement in
order to assure continuing stocks of salmon for the future.

In contrast to the interests‘ and expectations of traditional
fishermen, commercial salmon fishermen operate within a set of strategy
-rules based on other criteria. Presenf—day fishermen must exploit a
'common resource' in competition with éll the other fishermen in the
area (Andersen & Wadel:1972). ‘Sincebthey fish in salt water where-
many salmon stocks are intermingled, naturally they do not relate to
salmon resources as being of a.certain stock or groups of stocks, or
belonging to a particular river. It may be argued that‘since
traditional Northwest Coast fishermen-had a proprietory interest in
specific salmon stocks that they would have been good conservationists.
The social control of important resource use sites and fishery locations

that was a feature of Northwest Coast societies underscores this view.
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4, " Hydrological Features

.é) Characteristics of Riverine Hydrology

The Northwest Coast culture .area contains most of the major
watershed systems of the Pacific coast of North America, excluding only
the Sacramento River in California, and the Yukon River in the north..

In terms of drainage basin area, the Stikine, Nass, Skeena, Fraser and
Columbia rivers are the most extensive. The Fraser River drainage basin,
for example, occupies 230,000 kmz; its 1ength‘is 1,370 km. The Columbia
River (1,955 km) and its principal tributary, the Snake River (1,670 km),
together comprise the greatest streamflow discharge. In addition to the
Snake, significant tributary systems include the Thompson River of the
Fraser watershed, and the Bulkley River which joins the Skeena near
Hagwilget canydn. These large affluents discharge water from basin areas
east of thg Northwest Coast frontier. They provide important upstream

" spawning locations for Pacific salmon which must pass through the lower
concourse of the watershed system. Northwest Coast people at fisheries
in the lower river had first access to the salmon resource as it

ascended the étream. The Bella Coola-Atnarko, Chilkat, and Klamath-
Trinity systems, though smaller, each represented sizeable drainage
basin areas.

Many independent mainland rivers_flbw directly into the sea.
Such streams as fhese characteristically havevtheir origin in mountain
ranges that rise near the coast. Some are short rivers, just a few

miles from source to salt water. Others, perhaps longer, debouche from
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a narrow valley at the head of a fjord. Coastal streams frequently
support several”major spawning locations for Pacific salmon stocks.

Basic structural aspects . of river systems can be characterized
'independenf of considerations of size. For example, the streamflow
measurement at any given point along the stream is a function of the
extent of the drainage basin. area above, and of theAclimatic conditions
of the surrounding land and sea surfaces. Water volumes discharged from
the drainage area, together with topographical features of the streambed,
define the formation of riverbank features and, ultimately, the structure
of the river itself.

Warm—-to-moderate ocean currents describe a wide are up the outer
coast, modifying the cool waters of the North Pacific and contributing to
high levels of precipitation, most of which falls as rain in lower
altitudes and snow af higher levels. In the mountain ranges of the coast
this moisture is stored in glaciér packs and released by warming
tempefatures each spring, causing an increase in streamflow volume in
glacier-fed rivers. - Spring freshets do not affect rain-fed rivers. 1In
the southern part of the Northwest Coast culture aréa, and in streams on
the large offéhore islands —-- Vancouver Island, the Gulf Islands, the
Qﬁeen Charlottes, and the Alaskan archipelego —-— higher water levels
occur during the rainy winter months with a reduction in streémflow
volume during spring and summer.

A comparison of the discharge profiles of the Cowichan River
oh Vancouver Island and the Frasér River illustrates this point (Farley:

1979:39). The Cowichan data indicate highest discharge levels occur in
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December and January with a streamflow measurement of 100 m3/séc.
In July and August, water voluﬁes are extremely low, registering
approximately 10% of winter average flow. The'FraSer'River shows
the'oppbsite seasonal pattern.  Peak streamflow occuré in late June
- early July with average flow readings of 100,000 m?/sec (7). In
thevwinter months the streamflow of the Fraser River measures only
20% of the early summer high;

Variability in the seasonal patterns of different river
- systems has'implicatiOns for the distribufion‘of-salmon technology
complexes. From the point of view of human exploitative strategies,
the significant hydrological features are water voiumes and velocity.
The force of streamflow discharge is a factor in determining how to
extract the salmon resource. Whére the streambed is level and the
banks are wide, surface currents in the river may be moderate and steady
‘throughout much:of the year,‘ Howevef,_seaSonal variation in the
hydrological cycle can create changes that may coincide with the timing
of importapt salmon runs. In the case of the Fraéer, the heaviest
streamflow occurs durihg the chinook salmon run early in the season.

At the confluence of a tributary and fhe main stem of a river,
hydrological dynamics exert powerful forces as two large streamflows
meet and commingle. Typically the éonditioné at a confluence present
. good -fishery site.potential’because salmon will seek out the shelter
of counter-currents near shore close to the mouth of the tributary.
"In addition, peoplé who fish beiow the confluence have access to both
those stocks that continue to ascend the mainstream, and those that

enter the affluent.
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b) Natural Stream Features at Spawning Sites

Salmon typicaily choose spawning sites in shallow streams
with loose gravel cover of a size that can be manipulated by the female
salmon when she prepares the redd to deposit her eggé. Chum salmen
SpaWniin streams a short distance from the estuary. They select spawning
places with more variable stream conditions than other species. The.
bottom may consist of coarse gravel, -large stones, or boulders. Chum
females will occasionally deposit eggs on the streambed, in.crevices
among the boulders. More commonly, however, a depression is excavated
in fine gravel as much as 40 cm below the streambed, and the eggs
deposited (Neave:l966a)._ ' v . - .

Water temperatures and currents are significant factors:
the range of tolerable temperature varies with different spawning
populations; 30 to 7OC is cited as sgitable for stocks of sockeye in
the Fraser system (Ricker:1966). A relatively slow steady current is
essential to ensure sufficient oxygenation of eggs during incubation.
Sudden or extreme changes in water levels cause streambed disturbances
that can damage the spawning location. Egg survival is dependent on
the proper water conditions —-particularly cool temperatures—— and on
the eppropriate depths and currents to areate but .not disturb the redds.

After egghdeposition, any major disturbance to the redds can
reeult in high egg mortality. Fall and winter flooding may disrupt the
streamflow. .High precipitation is only one of many causes of stream
flooding} others include the loss of forest cover through fire and

disease (and, in this century, because of commercial logging
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operations). Land slides, mud slideé, and streambank deterioration
can result from a sudden release of high water volumes that strains
the carfying capacity of spawning streams.

Stream obstructions aiso pose problems. Fallen logs and
detritus, forest attrition, and morphological changes in streambed
features, were noted in the pre-logging forests of the Queen Charlottes,
surveyed in 1878‘by George Déwson-(1880) and later by Ells (1906).

Log . jams were numerous in the natural forest and occasionally contributed
to flooding and étfeambed.gouging. Nevertheless, moderate log jaﬁs
retard streambed gouging and protect against damage.

In summary, variables in the hydrologicaiicycle of precipitation
'and_streamflow combine Wi£h geophysical properties in the coastal landforms .
of the area to create_innﬁmerable fivers,and.streams, providing anadromous
salmon with abundanf fresh -water spawning locations.: Both seasonal
changes in the volume of discharge, and structural features of stream
sites, were factors to be considered By the users of traditional

technology.
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5. Seasonality and the Nature of Runs

Salmon spawning migrations occur throughout the Northwest
Coast as highly predictable events of limited duration. Phenologists

define seasonality as:

the occurrence of certain obvious biotic and

abiotic events or groups of events within a

definite limited period or periods of the

astronomic year.

(Leith:Quoted in Nolan:1977)
The timing of the arrival of sﬁawners at any given 1ocation does not
Vary'significantly from one year to the next;  each run displays a
characteristic configuration with reguiar and recurring'dates for first
arrival, peaks, and ena of run (8).

Each race or stock of spawnérS'forms a run, a discrete event
occurring in time. Spawning runs consist of the age-class of a genetic
stock. During migration, sexual dimorphism occurs, and becomes
accelerated when the fresh water system is-entered; The distance from
adult feeding groundsgjlthe ocean. to the mouth of the .river is thousands
of kilometers. All salmon species cease feeding entirely in fresh water;
the metabolic.rate of each spawning population is 'progfammed' to
provide .the migrating salmon with sufficient food reserves to enable
it to swim .the distance from estuary to natai étream. Stocks of sockeye
and chinook, for exampie, spawn in streams more than 1,000 km from the

mouth of the Fraser River. The amount of calories burned during the

fresh water portion of the migration is determined by the difficulties
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encountered —- waterfalls, rapids, heavy currents -- as well as the
factor of distance.

In large watersheds .with many spawning locations, a series
of runs éomposed of distinct salmon stocks will overlap. Not only do
runs of the same species commingle, but .different species may run
concurrently, as when, for ekample; the majorvpink and sockeye salmon
runs ascend ﬁhe‘Fraser River together in late-August/early-September.
Salmon of the same species are more likely than not to return to the
spawning grounds of any>given watershed systemvwithin the same general
time frame. Coincident runs of large stocks provide resource user
groups with increased resourée accessibility; the salmon are present
in greater numbers for a longer period.

| Once the watershed system has been entered, migrating salmon
must make the right 'decision' at each confluence élong the way. How
the salmon finds its way back to .its natal stream is still not fully
understood, yet each génetic stock remains distinct from neighboufing
gene pools., Scale analysis of bfeeding populations identifies related
stocks, that is, salmon of a single stock, analogous to the way
fingerprints identify humans. Most research to-date has been airected
to studies of éockeye and pink salmon, partly because the International
Pacific Salmon Fisheries Commission is‘charged with the_responsibility
to protect étocks;of Fraser River'pinks and sockeye as part of their
mandate. For these species, fhe evidence is clear: each gene pool
is discrete; each age-set returns to the natal stream.

The very strong tendency of individuals of all

species_of Pacific salmon to return to the spawning

grounds where they originated is accepted as a basic

premise by present-day investigators and administrators.

(Neave:l966:74)
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6. A Pacific Salmon Abundance

a) Depensatory and compensatory effects

Long-term stability of abundance is relatéd, among
other things, to the mortglity'factbrs associated with populétion
densities in salmon stocks. In his studies of freshwater and marine
survival rates, Neave (1958, 1966a,*1966b)~hés demonstrated that both
depensatory and Compensatory mortality factors operate to achieve a
balance in population .size over time. Compensatory factors are those
that have less impact on small'populations than on large ones. The
effects can be demonstrated by differences in the ratios 6f adult-to-
fry survival. Lower ratios occur in salmon populations that are too
large for the spawning location. Increased competition and crowded
conditions at the redds result in highér egg and alevin mortality.
As a result, when too many spawners return in any given stock there is
a tendency féf fewer eggé to survive per adult spawner. As Neave

explains, the opposite occurs when smaller numbers return to spawn.

Presumably the parent fish belonging to small
populations can select the most favourable sites
and are subjected to less mutual interference.
There will also be less.competition between eggs
or alevins for available supplies of oxygen.
(1966a:77)
Whereas large populations suffer higher mortality during the period

from spawning to fry emergence, small populations sustain higher losses

during the critical'phase when they leave their natal streams or lake
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system to head for the sea: Natural mortality by predation hits
hardest at small stocks of salmon..'AsuNeave:deﬁonstrates, depensatory
mortality'tends'to prevent‘smali'stocks from'incfeasing in size by
perpetuating a condition in which fewer young salmon survive to return

in the next 'generation. Thus a balance is struck between depensatory

~and compensatofy factors.

...an important feature of the mortality which

occurs during fry migration...is that this effect

is reversed; the' percent loss being greater when

the fry populations are smaller (depensatory

mortality), due to the - tendency of the

predators to take a fixed number of fry durlng

the short period of their migration.

(ibid:after'on'Neave:l953)

The assumption is that predators extract a given quantity of salmon
biomass as it passes through their feeding areas. 1If this is the
case, then we may assert that depensatory and compensatory mortality
acts to restrain the growth of populations. Depensatory factors
-mitigate against the capacity of small stocks to.significantly increase

their numbers; compensatory factors, throﬁgh egg and alevin mortality,

limit the extent to which large'populations can expand.
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b) Index of salmon abundance

Relative values of salmon biomass available to pedples
in each region or tertitofyiare provided in Appendix tables (Tables
XXIII and XXVI). An explanation of the method used to obtain these
figures is included. The base data is derived from estimates published
under the aegis of the International'North:Pacific’Fisheries Commission

in their series Salmon of the North Pacific Ocean, Bulletin Number 23

(1967). The two articles Which chiefly éontributed to;the data base
were 'Pacific Salmon infthe'Unitéd-States", by C.E. Atkinson, J.H. Rose,
-and T.0. Duncan, and "Pacific Salmon in_Canada", by K. V. Aro and
M.P. Shepard. In the first, all the Pacific salmon spawning:stréams
within the territory of the United States ére included in detailed
sub-area maps for each species. However, estimates for spawning
populations are-not given for salmon streéms with less than 50,000
escapement. In the latter article, thé authors have compiled and
tabulated the estimates of spawning populations accumulated in a
twelve-year study from 1951 to 1963 for each 'major' salmon stream,
by species. I preparéd(a freqﬁency distribution  that tabled the
number of British Columbia streams, a classification of the range of
spawning populations, and species of salmon. From this data linear.
regression techniques were used to obtain average escapement values

by species for 'major' salmon streams in the Unitéd States.
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PART TWO Footnotes

1 Chinook salmon also run into the Snake River basin,
in far .greater abundance than sockeye.

2 Ethnographic evidence (Ray:1938:107) suggests pink
salmon was not abundant in the Columbia. -

3 Bouchard and Kennedy & other members of the British
Columbia Indian Language Project have collected
native terms for fish resources in many languages.

4 cf Andersen & Wadel (1972).
5 cf Internation Pacific Salmon Fishery Commission:

-Annual Reports 1961:21, 1972:3, and Ricker:1966:67.
Ricker:1966:67, Aro & Shepard:1967:239,

6 ' INPFC:Bulletin 16; Bulletin 23; NEAVE:1966.

7 At the hydrological measurement station at Mission.

8 Killack:1955, Ward:1959.

9 Neave:1966, and Ricker?l966 have studied characteristics

of salmon runs. :



- 166 -

PART THREE -- SALMON RESOURCE UTILIZATION: a multi-factor analysis

A. ~ - The Interrelation Of Ecology And Technology Variables

The concept of a salmon technology complex has been used in
this study as a means of assessing traditional systems of salmon
production within an ecological context. As a model for the salmon
migration, I have in mind the image of a linear progression through
time and space; the salmon begins at point a (aﬁ the threshold of thé
inshore waters), and proceeds in a continuous line tovpointlg, the
ultimate destination (i.e., the spawning grouhds). Between a and b the
line is divisible by a variable number of segments, each representing
a type of fishery site where, given the application of appropriate
technology, salmon are accessible to human interception. Thé number of
segments through which any given run of salmon must'pass is a function
of (i) the set of ecological variables that exists en route and (i1)
the technology utiiized by local resource groups. Salmon are thus
extracted af each segment in time and space by strategies of human
exploitation. We may assume that the greater the number of available
fishery éité types (segments), the greater the advantage to resource
users. But before developing this argument further, let us review and
analyze the conditions that prevailed at fishery locations. In what
follows, é non-formal methodological approach is used to generate
intuitive categories and inductive reasoning; the sets of ecoiogical
and technological elements in salmon resource exploitation will be

analyzed.
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.......

vThe best places to catch salmon were well known to local
user-groups in each territory. A knowledge of ecological variables
and the fishery potential at particular resource locations was regarded
as a precious part of one's inheritance, to be passed down to the next
generation. The number and kinds of ‘best places' depended on what the
natural environment offered. ' The ecological variable that denoted good

resource accessibility was the presence of salmon in sufficient quantity

to repay the-effdrt expended to catch it.

;Assﬁming this, then the significant ecological factors from
the point of view of the resource user are variables in local water
resources, and species variations that influence salmon behaviour during
migration. Beginning with the inshdre fishery segment of the run, we
will consider the relation of ecological variables to the technology of
salmon production.

Fishing sites in salt water present the greatest number of
unknown factors: the expanse of water is large; the random probability
of locating the prey is low. The fisherman must rely on criteria other
than his powers of direct observation -- the seasonal availability of
a fbod source for salmon to feed upon (as when herring runs attract
the salmon); or tides and currents that may affect the movements of
salmon, temporarily bringing them closer to shore; or light and
temperature changes to which, under certain conditions, salmon are
responsive. ‘But mainly the fisherman depends on his knowiledge of salmon

movements and behaviour. He must know the usual course that runs
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follow in his area, on which side of an island they are most likely
to appear, the channels and narrows they frequent, and their seasonal
occurrence.

In a;dition to this, like all fishermen everywhere who must
contend with an invisible prey in open waters, fhe Northwest Coast
fisherman would use a classic criterion:  his obsefvations of the
success or lack of success of fellow fishermen (cf Andersen & Wadel:
1972). Where live herring filled the waters, Northwest Coast fishermen
trolled for chinook and coho salmon with a hook and line. Because
these two species will take a lure in salt water, the problematics of
a spatial dimension are secondary to other ecological variables, notably
to prey characteristics. For groups with marine access, the trolling
complex enabled specified salmon species to be intercepted before the
homing migration had begun, or in its earliest stages.

Once salmon enter céastal'wéters the -area they occupy is
reduced, and their movements become more visible as they near shore.
Typically mixed stdcks df salmon species'make the inshore migration in
consideféble numbers before dispersing to the littofal areas near their
-home streams. From the point of view of salt water strategies, one of
two things can happen. Either people wait for this general dispersement,
and exploit salmon in the estuaries and shoreline  coves where the runs
delay, or they develop an extractive technology that intercepts the . ..~
migration'further from shore before dispersement. Let us review the
conditions of the fishery: the spatial dimension is againvsignificant,
since only by trolling could salmon be caught with a lure; salmon

accessibility near 'shore is attended by the circumstances of tides and
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currents, as previously outlined. The behaviour of salmon along

an inshoré current, or at a slack in the estuary, for example, is
known to resource users. The period when salmon will be present can
be bredicted;‘ These and other variables operated to provide fishery
site potential.

The technology of salmon production . in salt water fisheries
depended on multiple conditions and distinguishable features that
affect salmon behaviour. Since the: problem is one of extracting the
resource from an unrestricted area, these éubtle interactions gain
added significance. The first fishery encountered by salmon once
past trolling areas is the reef net complex. (This is true at least
as far as the model is concerned. In reality it applied only to Fraser
River populations of pink and sockeye.)(1l). Extremely large nets were
anchored on shoals directly in the known path of regular and recurring
summer salmon runs. The presence of shoals or reefs served to shorten
the subsurface vertical dimension through which salmon passed.
Appropriate tidal and cufrent actions Qere critical to thé efficiency
of reef net operations, and light and wind conditions played a part.
Clearing undersea vegetation from the space in advance of the net mouth,
laying up lines to create the illusion of a channel through the kelb
beds, even disguising the anchor lines with beach rye grasses, all
served to help direct the salﬁon into the‘net. But the significant
ecological variable that made the reef net a viable production system
was the sheer magnitude of numbers when scores of major sockeye and
pink salmon runs,. as part of their principalvmigratory route, passed

through the fishery. Thus by developing an extractive technology to
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intercept the inshore migration before the general disbursement, the
source of greatest abundance was tapped.

On a smaller scale, the trawl net drawn bet@een two canoes
was used in a way analogous to the reef net to intercept abundant runs
in salt water channels on the northern énd central coast. (Mackenzie
saw the Bella Coola fish fof salmon this way in early sﬁmmer.) In
channels and inlets the movements of salmon are controlled in some
respects by natural geographic features and by the way tides and
currents behave in narfow waterways.

As salmon approach the littoral region the significance of
tides is increased. Trawl nets were also used on the tidal flats in
estuaries. In ldcations where the tides are right, salmon come near
enough to shore to be taken in seines or gill nets. Presumably these
were riverine methods adapted, whereAfeasible,.to maritime conditions.
It seems unlikely that seines and gill nets wereAespecially productive
in the sea, always with local éxceptions. Gill nets were used by the
Klallam at a spit of land where chinook and coho followéd hefring runs
close in to shofe, énd similarly by a Straits group on Saltspring
Island. The Straits used a salt water seine.ne£ in the estuary of the
Samish River. It may be that the occurrence of marine adaptations is
less‘rare than ethnographic accounts would indicate.

The most direct relatioh of tide to technology was the tidal
trap. Constructed at suitable locations where the combined effects
of tidal_currents and species characteristiés acted to bring salmon
in near shore, large boulders or other building materials were designed

to form a barrier against the receding tidewaters, leaving the stranded
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salmon behind to flounder. In the tidal trap salmon were caught
without direct human intervention. Together with the reef net
complex and trolling, the tidal trap was the only device exclusively
of a maritime nature. At this stage in the migration, salmon are soon
to enter fresh water. In some species, salmon stocks will delay for a
period of time before leaving the littoral areas. It is these in many
cases that were swept up on a tidal current and carried over the wall
of the tidal trap.

Finally, we will consider maritime locations where the
harpoon was used to fakeAsalmon. In the pursuit of prey, the toggling
harpoon complex was a flexible system that could be adapted to varying
conditions. Particularly in the more shallow regions of a bay, salmon
could be caught with the harpoon if Water conditions were clear, and the
sea calm enough to take aim. At places where salmonvcongregate in
-large numbers the‘togglingvhérpoon would be an efficient means of
capture. Night fishing with a harpoon on a phosphoresceﬁt sea is
reported in the ethnogréphies. The fisherman depended on good
visibility conditions to fish with the harpoon, and prdbably only used
it in the seé when a considerable nuﬁber of salmbn were preéent.

To summarize, during the inshore migration the spatial bounds
within which salmon move are chiefly unrestrained, and the resource is
difficult to exploit. Since with the.exceptions noted sélmon will not
take a lﬁre, thé‘hook—and—line methods typically used for maritime
species like cod and halibut were not applicable. Fishermen depended
instead on their knowledge of local tides and currents, and their
knowledge of‘species timing and behaviour, to devise systems

functionally related to variables in the ecosystem.
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A note on STC Distribution -- Most data about the inshore fishery

derive from Wakashan and Salishan sources. Northern inshore salmon
fishing is not well described. The Makah .appear to be the most
southerly peoples oriented to a maritime fishery. Societies in the
Columbian and Southern regions did not practise salt water salmon

fishing.

2. Weir vs Trap: Tributary streams and secondary. rivers

Leaving the maritime environment, salmon runs enter estuarine
waters to begin the ascent of the river. The spatial dimensions salmon
occupy are immediately altered. They are now bounded not only by the
riverbanks on each side of the stream but by their own genetic in-
héritance which impels them.forward, swimming upstream against the
river's current. Salmon’agcessibility from the viewpoint of the resource
user is improved immeasurably. (In relative terms, differences between
large and small river systems are noteworthy, therefore each is treated
independently. It is the latter that concern us here.)

While yet in brackish waters and in the lower course of the
river, the salﬁon runs pass through various kinds of resource use sites
before entering the principal riverine fisheries, weirs and traps,
further upstream. Briefly, léwer river fisheries included: the
toggling harpoon, seine nets, gill nets and, if the river was large
enough, the trawl. In places where the waters were too roily and
turbid for harpoons, gaffs were employed (2 ). A typical harpoon

fishery took chinook salmon at river mouth locations early in the
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season. Gaffs, on the other hand, are more often mentioned in
connection with fall.fishing for chum salmon. But the complementary
nature of gaff and harpoon complexes is mainly concerned with the
differences in water features required for the use of each, referred
to previously in this study.

The most important salmon technology complexes in small-
to medium-sized rivers were undoubtedly traps (3) and weirs. In the
literature, traps and weirs are inferentially linked and there is con-
fusion about the distinctions between them. The model of interacting
variables is useful in sorting out the differences between the two
systems; indeed, the ecological variables required for the one. are
quite distinét from the other. Attributes of these variables will be
compared. Although ecological differences were the central criteria
for_classifying weifs and traps sepérétely, in tefms of technological
principles each system operated under a different set of rules for
salmon procurement.

The principle of the weir is to obstruct the stream, and to
artificially create a barrier in the river beyond which salmon cannot
proceed. The obstruction was temporary, the weir sections were left
in place only long enough to pursue the fishery. Unable to continue
upstream, salmon amass at the Wall.of-the weir and are easily caught.
Secondary techniques were required: dipping nets, harpoons; leisters,
épears, gaffs.. Where more complex developments of weir strﬁctures
were buiit with cétwalks, dip netting platforms, and spearing and
impoundihg corrals, the weir takes on some characteristics of a trap.

Double weirs in which the salmon leaps the first obstruction but cannot
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leap the second, is an example of'an‘ambiguous modification. However,
a typical weir fulfills the primary function of impeding the run for
a period of time so that resource users have an improved fishing
opportunity.

On the other hand, the principle of the trap is to éntrap.
Traps were devised to direct and divert the movements of salmon into
a confined area from which it cannot escape. Thus, the environment
of the salmon is manipulat?d, playing on a characteristic impulse of
the fish to find its way throﬁgh an obstacle.. All the different
trapping devices were designed to accomplish this objective; essentially
each was intended to confine the salmon ( 4). |

There are marked differences in the site conditions at weirs
and traps. Traps are frequently placed where they can take advantage
of natural stream conditions that impede the progress of salmon —-
falls, narrows, riffies, shallow bars, and streambed channels. Weifs
and traps each contain maﬁy varieties of form. It was generally the
case that streambed facilifies suitable for the construction of a weir
were not suitable places to put;é trap, and vice versa. Traps are
versatile: théy were better adapted to fast water sites than weirs,
and could. be placed even in small creeks or shallow streams; they
could be set in roék—streﬁn stréams, and at places where the salmon
found its wéy through little.rapids and eddies. The common basket
trap was secured to guiding wings and set in many ways to incorporate
the natural'featﬁres of a stream. Consequently, stream hydrology and
the natufal,instinct of salmon to seek a way past obstacles, were

features exploited by trap emplacement.
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Weirslwere less versatile. The necessary streambed features
at weir sites, together with factors of velocity and water volume,
were more rigidly specified (5 ). Weirs depended less on subtle
distinctions of'stream.flow, and more on the primary fact of the
salmon migration itself. Because salmon stocks take,a.direct course
to the spawning grounds, fight obstructions, and persist in continuing
an upstream ascent, they cannot escape the fishery below the weir (6 ).
It is this characteristic that weirs directly exploit: the run of
salmon is obstructed; the compulsion to progress is checked. While

salmon assemble in confusion they are easy prey. (cf APPENDIX III),.

3. Exploiting major salmon producing areas

The principal salmon rivers on the Northwest Coast were high
production resource areas with the capacity to support human poﬁulations
of a significant size. Coincident runs of salmon stocks in a large
.watershed system ensured a.reliable source of food over an extended
annual season, as one species ovérlapped with another, and runs of
various spawning populations occured serially. The periodic failure
of salmon stocks in a tributary stream or’spawning ground would not be
noticed in the lower course of a large river. Fluctuations in
‘abundance would be mediated by various compensatory faétors that are
natural to sélmon species. From year to year the catch would remain
relatively stable, presuming the effort expended on salmon production
was unchanged.

RiverineAsocieties on the Nass, Skeéna, Bella Coola-Atnarko,

Fraser, Columbia, and Klamath all shared the advantage of abundant
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salmon supplies, and similar problems in resource extraction. The
accessibilityZOf‘salmon runs in a large river presented particular
difficulties. High water volumes and strong river currents meant
‘that ordinary weir and trap structures were impracticable. The
technical an& organizational skills of Northwest Coast fishermen

were used to develop other solutions. The salmon téchnology complexes
that were adapted to riverine and estuarial conditions where large
runs Qf salmon occur include the Kepei Dam, the Bella Coola dams,

" the Skeena canyon trap, dip nets, the seine, and the reef net. The
relations between ecological and technicél variables in these complexes
will be featured in this section.

a) estuaries and river approaches: 1In the approaches to

important salmon rivers the runs are dispersed widely within a large
expanse of water which near the river mouth becomes brackish where
the stream outflow meets the sea. Salmon‘are not easily accessible
in large areas, their movements are unrestricted and generally hidden
from the eye of the fisherman. Nevertheless, they_do'follow a fairly
regular.tourse to reach the river mouth, swimming in response to
favourable éurrents, and in some 1océtions following in close to
shore on a tidal stream.

Sheltered from the Pacific by Vancouver Island, the
Fraser estuary débouches in a protécted marine environment. The river
has an extensive delta several miles long, and its estuarial outflow
stretches into the Straits for yet more miles. Tides and currents
in the protected waters are relatively predictable and steady. Near

the headlands off an island or peninsula in the . straits where tidal
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actions and shoals combine to produce -the right conditions the reef
net was used té intercept Fraser-bound runs of sockeye and pink salmon.
The complex took advantage of the relatively consistent patterns of
sockeye migration through the straits en route to the river. The
natural environmental features of the Fraser approaches were unique
on the Northwest Coast, as was the technological response developed
by Straits Saiish fishermen.

The southern approach to the Fraser River through the
Straits of Juén de Fuca, which is the normal route of sockeye and pink
salmon, is approximately 200 kilometers long. ' In direct contrast is
the Columbia River estuary. The mopth of the Columbia is sepafated
from the Pacific only by its redoubtable bar, a millenial accumulation
of silt and gravel, surmounted with great difficulty by seamen. The
tortuous passages at the bar are described in theearly journals of
explofers an& fur-traders (7). Behind the bar, the Columbia estuary is
broad, beach—strewn;‘filled with many little bays.and harbours where
Chinook fishermen could employ the seine, landing the catch on shore.
Columbia chinook salmon stocks, many now deétroyed by hydroelectric
dams, must have lingered for several days or weeks in these brackish

waters before beginning the ascent of the Columbia.

- Historically, the Columbia River has been the major
- producer of chinook salmon, and it is especially
noted for the high commercial quality of its spring run.

(INPFC:1967:23:p.46)
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The superiority of Columbia chinook had been proclaimed long before
Lewis and Clark arrived at the mouth of the river in 1805. Swan

(1857) later reported:

The Chinook salmon commences to enter the river the
last of May, and is most plentiful about the 20th
of June. It is, without doubt, the finest salmon
in the world, and, being taken so near the ocean, -
has its fine flavor in perfection. The salmon,

when entering a. river to spawn, do not at once
proceed to the headwaters, but linger round the
mouth for several weeks before they are prepared

to go farther up. It has been supposed that they
cannot go immediately from the ocean to the cold
fresh water, but remain for a time where the water
is brackish before they venture on so great a change.

(p.103)
In both the Columbia and Fraser'systems, those who controlled the
appfoacheé to the river could intercept an important segment of the run
before it began its ascent.

b) the lower river course: = Salmon become more accessible

as they enter the main course of a river. The timing and moVements of
the run can be perceived by watchful fishermen. “But the usual traps
and weirs could not be:built in river channels fhat were deep and
broad; it was necessary to generate other alternatives té meét the
hydrological conditions of large rivefs. Two examples show how
different solutions to this problem were met by Northwest Coast
fishermen. |

On thevKlamafh and ‘its tributary, the Trinity River,
‘special short-term 'dams' were built anew each year to take advantage
of late running chinook stocks. Of this series, the Kepel Dam.was the

largest structure built. Its form was based on the model of a
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communalweir, complete with owned platforms called 'salmon houses'.
.It crossed the entire width of the Klamath River, a distance estimated
at the site location, thirty miles upstream from the mouth, to be 250
feet from shore to shofe. The debths of the river in late August -
early September were generally six feet (2 meters). To witﬁstand the
heavy flow of the current, the Kepel Dam was constructed in an upriver
V-shape, rather than straight across. According to Kroeber (1925;
Kroeber and Barrett:1960), the Kepel Dam built by the Yurok was
probably the largest structure raised in Northwest Coast rivers before
the colonial period.

"Writers have long been fascinated'with the institutional
’context of‘the Kepel Dam (Waterman & Kroeber:1938; Kroeber & Gifford:
1949; Kroeber:1925; and others). It is the best documented weir éomplex
in the literature. Part of its significance.as a major river'technique
is that it was constructed with a considerable expenditure of labour
to be used for only a ten-~day period. The procedure was ritually.
specified to show careful attention to detail. Kroeber and Barrett

interpret it this way,

‘The Kepel Dam cycle of ceremonies was basically of
the world-renewal order, with emphasis on abundance
of salmon...genetically, rather than specifically
on the first salmon... The whole cycle was
designed to insure collective and individual health,
prosperity, and abundance...

(1960:12)
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Perhaps, too, the Yurok wanted to express their power and ability

to 'tame' the river, at léast for a few days. Whatever its symbolic
importance, the Kepei Dam was thé signal example of a communal weir
structure in-a large river and, consequently, was a.highly productive
mechanism to extract salmon resources.  This was a short but very
intensive fishery.

Bella Coola-Atnarko river dams are further examples of the

~ways in which technological innovations were developed by Northwest
Coast fishermen to fit the specific ecological conditions of large.
rivers. The series of dams on the Bella Coola was described by
Alexander Mackenzie, the first European to reach tidewater»by an
overland route. He reported that they'weré large semi-permanent or
permanent multi-purpose installations built into the river at which
several kinds of fishing methods were carried on simultaneously. The
"type is best classified as a facility, but Mackenzie called it a
'machine', no doubt an accurate evaluation. Whereas. the Kepel Dam
was built to meet a short;term objective at the height of the chinook
run, the Bella Coola.river dam complex was operated and maintained
throughouf the entire salmon season to exploit serial and overlapping
runs of all five species.

It is obvious that great expenditures of labour were invested
in the construction of Bella Coola river dams. The heavy flow of the
river must have made it necessary to keep dams continuously under
repair during the extended season in which they functioned. River
dam complexes were owned'aﬁd maintained by people living in adjacent

village communities. ~Atypically, the Bella Coola practised village
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endoganmy, raising the question of a possible relation between 'marrying
in' to ensure that young men remain in the hoﬁe’village, and family
ownership rights to fishing locations at the village river dam. The
extensive upkeep and periodic restoration work required to keep these
complexes functioning would best be served by a soéial organization

of labour that was supported by a sedentary village population.

The river basins of the Bella Coola and the Klamath display
significant natural differences as well as technological ones. The
glacier-fed Bella Coolé and Atnarko rivers are turbid and experience
severe flooding.throughout the early part of the year. The Klamath
and Trinity swell with the winter rains but are less subject to spring
freshets, or heavy sedimentation. The number and duration of salmon
-runs supported by each system is also different, as reported above.
Large salmon populations of allbfive species enter the Bella Coola,
but the Klamath has only chinook and coho,.although the size and number
of chinook salmon in the Klamath is noteworthy.

The Kepel Dam Qas}built for a short term purpose, largely
ceremonial in its obvious aspect. Yet there is no doubt it was a .
complex capable of taking great quantities of salmon in the ten days
it operated on the Klamath. On the Bella Coola, a series of dam-trap
complexes, each highly productive, served as a focus for.the riverine
society throughout the salmon season. Although the two rivers are
comparable in size,'the response of Yurok and Bella Coola peoples to
apparenfly similar ecological conditions in the main course of a river

was different.
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c) principal canyon sites: The accessibility of salmon,

at least theoretically, is markedly improved when the runs enter the
narrow confines of the river canyoﬁ. Not only has the spatial
dimension been reduced by the physical features of the canyon walls,
but water features in the narrow chanﬁels produce conditions that
directly efféct‘the behavioﬁr of salmon.. In the whirlpopls and
eddies of the rapid current, salmon seek respite near shore. ‘On the
.Fraser, Columbia, and Klamath Rivers fishermen at dip net-statibns in
the canyons exploited the main salmon runs as they ascended the rapids.
Chinook and sockeye were- the most important species taken in
the summer dip net fishery on the Fraser and Columbia Rivers. The
-highly productive éanyon fishery én'the Columbia was reknowned
throughout the Northwest -Coast and the Pléteau. Like the eulachon
fishery on the Nass, Columbian-produced suﬁplies of dried salmon were
traded over great distances. through a network that extended for hundreds
of miles in all directions. The Dalles on the Columbia was the centre
of salmon production and distribution. Chinook salmon caught ﬁpstream
in the canyons had expended their excess oils in the effort to ascend
the rapids. When dried and preserved, the quality of the product
was superior to chinook caught elsewhere. Lewis and Clark were the
first to record the Dalles fishery; by 1855 Gibbs reported that

changes had occurred.

The Dalles was formerly a great depot for this
commerce. ...The quantity put up at some of the
principal fishing grounds was formerly immense,
and even now is very considerable.

(1877:195)
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The Fraser canyon dip net stations attracted Halkomelem .
Salish from distant villages on the lower river to fish alongside
_their Upper Stalo compatriots. Although ownership of canyon sites
appears to have been predominantly in the hands of Upﬁer Stalo
resource holders, the Katzie, Musqueam, and people "even further afield" "
had inherited rights to fisﬁ in the canyon (cf Duff:l952:ll,30,40,62).
For those who travelled 100 km or more to reach their stations, the
main economic purpose was to participate in an intensive salmon
fishery where favourable wind and temperature conditions hastened the
drying process. People who otherwise had limited access to sockeye -
or to chinook salmon in peak condition would be drawn to the canyon
fishery. Dip netting techniques, both the braced net and the lighter: .
active dip nets, were very'efficient methods for taking salmon in the
Fraser canyon.

A Onvthe Klamath and its tributaries both plunge nets and the
large A-frame lifting nets were effectively employed from riverbank |
sites that were -distinguished by differences in water volumes, velocity,
and clarity. Some plunge net stations were merely focky promontories
where the fisherman had a foothold at the level of the river. Never-
theless, they were privately owned. In tﬁrbid rapids where back eddiés
formed, the net was plunged forward to fortuitously sweep up any salmon
present. At other sites along the river -A-frame scaffolds were built
out over the water, the braced net set in the backcurrent waiting for

a salmon to enter. In their study, Kroeber and Barrett observe:

...it is said that a man may .take, in a very short
time (a matter of days) at the height of the salmon
run, "a winter's supply" of fish.

(1960: 36)
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There are two significant runs of chinook salmon annually on the
Klamath, a spring run, and a 'fall' ruh that begins in mid-summer.
The dip net compiex onvthe Klamath River was a highly prodﬁctive
fishery for those who had rights of access to favourable sites.

Annual runs of chinook and sbckeye were also exploited at
the Skeena River canyons during the summer season. The Skeena canyon
trap almost rivalléd the Kepel Dam in size and specifications;
considerable labour was invested'to’construct these large traps.
‘Built on tHeAbanks of the river, out of the heavy streamflow, they
were complex structure with moveable parts, including an extended
chute that was lowered by ropes into the rapids and eddies below to
make the catch. Unlike other principal Northwest Coast rivers, the
broad Skeena has few narrow gorges_where dip nets could be employed
from natural'promifories. The Hagwilget canyon extends only a little
way. Competition for fishing sites at this productive resource
location was critical. -~ Salmon are particularly accessible in the
canyon and valuable runs of sockeye must pass through Hagwilget to
reach their upstream spawning grounds in the Babines. Presumably
the specialized canyon traps oﬁ the Skeena replaced former dip net
stations similar to .those in other Northwest Coast rivers. It is
reasonable to suggeét, despite the lack of published information
about the Skeena canyon trap, that it was a very préductive system
of salmon procuremént.

In conclusion, peoples who occupied major river system

necessarily had the main advantage in salmon resource exploitation.
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Not only did they have access tovindividual stoéks of spawning
salmon elsewhere in smaller streams within their local resource
area, but they also could intercept'stocks bound for upriver
spawning locations. In statistical terms it was impossible for
their "runs' to fail. By extracting concurrént_stocks with very
large population bases, any variations in abundance were generally

assimilated.
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PART THREE -- SALMON RESOURCE UTILIZATION: a multi-factor analysis

The social structure of the Northwest.Coast was characterized
by uneqﬁal access to material'wealth,.privilege, and‘status. High
ranking iineage groups expressed dominance through mechanisms of
status validation that included the distribution and redistribution-
of surplus storage and>fresh,foods. Socially sanctioned systems of .
exchange are generally assembled in the literature under the rubric
'potlatch' to describe a core institution that had important legal and
economic implications. Influentialj prestigious'lineage groups tended
to.be those who had established rights of access over the most pro-
ductive resource locations. With varying emphasis in each society,
this applied as well to resources other than salmon. But salmon
resources were a fundamental source of wealth in the Northwest Coast
economy.

My present purpose is to consider how notions of resource
ownership and control of the means of production related to variables
in the nature of the salmon resource. Necessarily this will be a
limited discussion of some aspects of the relafion between social
and ecological variables in the system of salmon technoldgy complexes.
The focus is on social accessibility‘of the salmon resource.

To generalize aboﬁt Northwest Coast societies is a hazardous
undertaking. Each of the twenty-four language groups included in this

study ‘were separate distinguishable units -- coherent, inclusive
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societies. To extract bits of evidence here and there and pull
theﬁ together can be misleading. Each society had its own internal
rules and procedures, much of it never recorded. Nor would any one
of these lénguage gréups have considered themselves to be a unified
nation or tribe. Even within each society there were important
divisions based on diélect and territorial occupation. The surface
details offer a.semblance of similarity: the use of plank houses,
permanent Qillagersites, a recognition of social rank and material
wealth, and a dependancé on maritime and riverine resources, especially
the anadromous salmon. Such aspects can be cross-culturally compared.
But beyond the outer manifestations existed a subtle interplay of
social groups, shared valﬁes, and concepts of identity that must be
studied in its'natural context.

For the ﬁost part I have avoided the difficulty by restricting
the analyéis to questions that can be elicited from the data: how did.
people catch salmon? what kinds of methods did they use? where were
fishery sites located? These are relétively safe subjects but when
I introduce social variables the water gets murky: what is the nature

'owns' the capital goods

of resource control and ownership? who
needed for resource extraction? howtwas labour organized? Rather
than overgeneralize about fhese relations with the attendant_risk of
making it seem that what is true for one group can be extended to
others, I take a step backward in abstraction, removing the individual
differences between societies, and. concentrating on a facf established

in the literature that notions of ownership are a characteristic of

Northwest Coast societies. The question then becomes focused on the
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relation between salmon technology complexes and differential

constraints on access to resources.

1. Sdalmon resource limitations

Before beginning we need to review what has . been said above
about the nature of the salmon resource. The characteristics of salmon
runs that particularly affect resource use strategies include the
following pafameters: (1) runs are of 1iﬁited duration, and (2) in
each spawning area stocks are limited in number and, to a lesser
extent, size. These limits are imposed by the nature of the resource;
they present the conditions that each user-group must work within.

While the failure of salmon supplies is not a conscious part
of the fisherman's everyday strategy, it is nevertheless consistent
with his lafger world view. The possibiiity_thét the salmon may never
return is a theme that recurs in mythology and ritﬁal; the First
Salmon ceremony in which after a ritual meal the bones of the salmon
are treated with respect underscqres an ecological awareness of the
interdependence of all living things, and of the fragile hold man has
on what.occurs-in nature.

A sense of uncertainty is a characteristic common to fishing
societies e§erywhere'(Andersen & Wadel:1972). It is readily under-
standable in fhe context of the pursuit of an invisible prey; fish
exist in a three-~dimensional world that is quite hidden from human
view. On the Northwest Coast the Pacific salmon resource is subject

to great fluctuations in abundance as we have noted previously.
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Sproat (1868:215) reports that Nootka fishermén frequenfly expressed
the uncertéinty about how many salmon would cohé: from canoe to
canoe the common inquiry heérd, ﬁe says, was "Are there many salmon?"
Spiritual, psychological, and practical attitudes that relaté
to a fisherman's dependénce on salmon migrations over which he has no
control can be expressed as the fisherman's dilemma. Several models
have been used in the literature of maritime anthfopology with re-
ference Eo species ofher than salmon>(Aﬁdersen & Wadel:1972;

DaVenport:1960). The fisherman's dilemma refers to the interrelation

of specific problematicsi an invisible prey, a commonly accessible
resource, and the competition of other fishermen and predators. For
the situation faced by Northwest Coast fishermen I will restate it

this way: the fisherman has no control over whether the salmon come

or do not come into his waters; however, based on past experience, he
can assume'salmon.will probably appear and he can predict (almost to
the day) when the season will begin. He can also depend on his knbwledge
of local stocks to assess the potential abundance of salmon that may
occur in any given run. With this information he plans his exploi-
tative strategy. He decides which technological application best

meets the criteria of his local water resodrces, readies his equipment,
'assembles labour, and so on. His production efforts must be organized
to exploit the resource under the limitations of time (nature of salmon
resource) within which he is operating. The reader recalls that the
peak of a run may -last only a few days; overlapping runs of many

stocks may extend the season to several weeks. Thus, each spawning
population is a discrete unit of salmon biomass, accessible at any

given point in its migration for a limited time.
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In many respects the salmon fishermaﬁ's-dilemma parallels
thét of offshore cod and halibut fishermen, or fishermen anywhere.
bespite the abundance of a potential prey specieé, the situation is
viewed by the predator within a limited sef of parameters. Fishing
societies in general' . have few.technblogical options. Their
decisién strategies relate to where and when to place the gear, in
an on—going quest for elusive fish. The traditional Northwest Coast
fishery, on the other hand, had developed diverse means of exploiting
the resource at distinguishable ecological sites, thus extending the
range of potential sites.

The analytic construct that expresses the idea of restrictive
conditions should not obscure thevempiriéal reality that most Northwest
Coast user-groups hdd access to very abundant salmon resources. At
highly produgtive sites it is probable that the only upper limit on
how many salmon a fisherman would take was his access to adequate labour
to process the catch, particularly since salmon must be processed within
hours of being caught. Whefe major runs were exploited the probiem
was not whether there would be sufficient numbers of salmon in the’
run, but how to capture aé many as it was feasible to process and

transport during the period they were available at the site.. Thus

we return to our model of salmon resource as an entity of biomass

moving thrbﬁgh segments.of -space and time that presented opportunities

to fishermen. What counted was the success ratio of control over

these opportunities to extract the salmon resource.
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2. Access to fishery locations

In order to maiﬁtain an ascendant control'over salmon
resources dominant user—groups employed constraints on access to
highly productive fishery sites. We have seen many examples in the
evidence presented in Part One of the association between resource
ownership and produtive salmon technology complexes. Usually this
has taken one of‘two forms: either use rights pertain to particular
fishery'locaéions, as is the case with dip net stations, weir platforms,
reef net locations, and special trap facilities; or else the general
resource area where a salmon fishery operates is delimited by re-
cognized rights of access. In the latter, a resource holding group
would own an entire salmon stream and be free to place weirs or traps
on it at any suitable place. In general terms, the more productive
the fishery site or the salmon technology capability, the greater the
correlation to notions of ownership.

But the efficiency of traditional systems of resource ex-
ploitation is not measured only in its cépabilitieslto produce winter
storage foods. The diversity of salmon teéhnology complexes made
it possible to have a flexible program of food-gathering throughout
an extended season. Many fisheries operated to provide fresh salmon,
particularly in spring and summer. Trolling, seining, trawling,
spearing, and gaffing for example, all were means of obtaining fresh
foods at various times Qf the year. 1In addition, as mentioned above,

traditional éystems extended.the range of possible resource locations

by increasing the number of site types where salmon could be obtained.
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While some places were socially defined as seasonal resource areas
whefe people dried and preserved their winter supplies, others were
unrestricted common reserves. The distinctions are not always clearly
identifiéd in ethnographic accounts. There are, however, enough
specific references to allow us to make a preliminary analysis.

Sources agree that salf water salmon fishing grounds were
usually in the public domain. (Elmendorf:1960; Oberg§l973; Olson:1967;
Suttles:l951); The people who lived on the adjacent coast shared the
resources of their inshore fisheries. It is of course improbable
that anyone from another society outside the immediate vicinity would
attempt to.use the ;open access' areas since he would be perceived as
an intruder. Straits and iniéts where fishermen trolled or trawled
were appérently unrestricted, as were the sheltered bays and coves
where the harpoon was used.

The principal salmon rivers on the Northwest Coast were not
owned in the sense that smaller rivers and streams frequently were. -
The abundance of available salmon and the magnitude of the river made
ownership claims either unneéessary or inequitable, and impossible
to sustain. Kew (1976) states that the lower course of the Fraser
River was available to .any Halkomelem fishing party, and that the
productive trawling fishery in the river was open access. In the

north, the Tlingit shared access to important rivers:
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In places where a number of clans live together,
the allocation of resources correlates very
closely with the principle of scarcity. When

-a number of clans settled on the banks of large
rivers, like the Stikine, Taku, and. Chilcat,

the question of rights to salmon fishing did not
arise. There was plenty for everyone in the
large rivers. But on the islands the rivers
were smaller and the important ones far apart.
It was thus necessary to apportion the resources
in some manner.

(Oberg:1975:56)
While the other references cited are less specific about ownership
notioné on the Skeena, Columbia, and Klamath, for example, it seems
likély that in their lower courses such rivers were unrestricted.
Water resources most clearly identified with user-rights
include small island or tributary streams with good salmon stocks,
suitable for the construction of weirs and traps (cf Donald &

Mitchell:1975). Oberg continues his analysis with these remarks:

The local clan units were of a size to subsist on
the supply of these smaller rivers. In fact,
there is a very close correlation between the
size of the local clan.units and their resources.
Large clans often held a good-sized stream while
the tributaries were taken over by smaller clan
divisions.

(ibid)
In referénce to the same general area Olson (1967) placed less
emphasis on the ownership of individual streams but diétinguished

between species of salmon stocks as the main criteria.
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Sockeye (red) salmon spawn only in streams where
there is an accessible fresh water lake and such
streams were considered of special worth. Dog
salmon and humpback salmon spawn in almost

every stream and such places were regarded as
hardly worth the trouble -0of claiming ownership.

(p.12)
The clans wh§ owned sockeye streams would also consider the bay into
which the stream debouched as part.of their owned place (1967:55).
Olson.lists-many bays and iniets by.name, along with fheir corresponding
streams and rivers, as locations owned by resource holding groups.
Simiiarly; on the Queen Charlotte Islands, the Haida people allocated
all the important salmon streams to specific resource holding groups.
Apparently everythihg was owned, coastline béaches, coves, and entirev

rivers.

...the coast line, and especially the various
rivers and streams are divided among the different
families. These tracts are considered as strictly
personal property, and are hereditary rights or
possessions, descending from one generation to
another according to the rule of succession...the
Jlarger salmon streams are often the property
jointly of a number of families; and at these
autumn fishing grounds temporary houses...are
generally found.

(Dawson:1880:117-18)
Dawson notes that payment for privileges to fish in the territory of a
group to whom one has no claim would be "exacted from a stranger"

(p.136).

Aside from claims to broad geographic areas, ownership notions
are clearly associated in the literature with specific resource sites.
Access to places where productive salmon technology complexes could be

empldyed were ﬁsually controlled by certain groups of resource holders.
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Included in this category are A-frame lifting net sites on the
Klamath and Trinity Rivers, the dip net sites at canyons on the
Fraser, Skeena, and Columbia, special river méuth dip net adaptations
on the lower Quinéult and on Columbia tributaries (cf. Ray:1938;
Olson:1936). Since water features at dip net sites are very specific
they are necessarily limited by natural conditions. On the Klamath
River sanctions on fishing below the riverbank site ownéd by an
individual were strictly enforced. Yurok people could sue if anyone
tried to interfere with the salmon runs below their dip netting
locations (Kroeber:1925). For Straits Salish people it was reef net
locations that were considered the most valuable resource property;
. the potential prodﬁctive'capacity of a reef net site where Fraser-bound
runs of sockeye and pink salmon couid be intercepted was extremely high.
‘Communal Wéirs'were built on the Cowichan, Nanaimo, Chilliwack,
Quinault, Quileﬁte, Skokomish, Smith'(Toiowa), Klamath and Trinity
Rivers, aﬁongbothers. The ethnographies vary in their treatment of
associated notions of ownefship to community weirs; the evidence is
unclear for some groups. In general terms such weirs were constructed
by members of the Villége community'and those who helped in its
cdnstruction had the right to fish at the weir. Special rights resided
in the ownership of fishing platforms constructed as part of communal.
weirs. These were claimed by hereditary right, and maintained as
family property. The evidence-suggests that fishing_from platforms
on weirs was more efficient than spearing, gaffing, and dip netting
from canoes on the downriver side of the weir obstructlon. Besides
its increased efficiency, user rights to the platforms asserted the

claim of the owning household group to status within the community.
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3. Summary discussion:

In‘a“soéialisystem that emphésized_thé importance of wealth-
and status, productive resource locations were privately held by
corporate user-groups, usually a household based lineage association.

As Suttles has said:

The ownership of fishing locations, root beds, and

clam beds gives real material advantage. These

sites are limited in number, and usually the most

productive ones for whatever product is obtained

there. While everyone can make a living in

exploiting public domain, the real surpluses are

produced at the owned locations and the owners

thus have considerable advantage over the other

members of the group.

(1951:56)

S6 while others still had plenty of salmon available to them in open
access areas, they-did not have the advantage of controlling the most
productive resource areas. Economically dependant on biomass from a
migrating species, dominant groups insured themselves against possible
low-yield seasons. They controlled special resource sites where high
production and fishing efficiency was more assured. The disparity
between elites and commoners resides less in nutritional terms than
in the capacity for .status validation and consolidation.

Through constraints on access to productive resource locations,
dominant social' groups maintained .their ascendancy. Thus we can see
that ecological and social variables provided for a mutually re-

enforcing relation: if the resource is viewed as.a 'limited good'

which must be exploited within the natural constraints of the timing,
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duration, and number of runs, then those groups that control the
best production sites are likely to have the greatest surplus of
storage foods. Surplus can be converted within Northwest Coast
exchange systems into slaves and capital goods, and advantageous
marriage alliances -- all means of further economic power. Moreover,
enhanced status positions reinforce the dominant lineage groups as
'those who have much to give'. And, in Northwest Coast terms, that

is the criteria of status confirmation.
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PART THREE -- SALMON RESOURCE UTILIZATION: -a multi-factor analysis

An assumption made_early in this study was that salmon fishing
in pre-colonial NorthWest Coast spcieties could be viewed as a system
of interrelated variables. When data on salmon fishing techniques
are treated independently of other fishing and sea mammal hunting

.methods,'a pattern emerges that can be used as a basis of comparison
for all ethnic divisions on fhe coast., The nature of the salmon
resource is characterized by regular and récurring spawning migrations
into fresh water areas within the territory of each coastal society.
Systems of salmon production correlate with specific features of the.
water resources available to any given resource holding group or user-
group. If each fishery site type is examined in detéil the significance
of micro—ecologicai variation becomes evident.

The repertoirerf salmon technology>complexes on the Northwest

Coast was extensive. Methods of resource utilization were developed
in coastal societies to fit the specifications of available water
Tesources and characteristics of salmon species. The economic
advantages made possible by high-yield salmon resources were fully
exploited by Northwest Coast peoples. Their complex social forms
and material well-being were contingent on relatively predictable
sources of salmon . abundance, and on the potential for surplus.
Bgcause of the extent and diversity of salmon technology compléxes,

efficient resource utilization was feasible.
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In. this final section, I seek to examine the‘significance
of multiform modes of salmon production holistically. Consideration
is directed to patterns of similarity and divergence in the dis-
tribution of salmon technology comﬁlexes and to interregional com-
parisons..‘The broad geographic continuum of the Northwest Coast culture
area with its diversity of soéial forms and languages had a shared
economic dependency on Pacific salmon resources. At fishery locations
in inlets, bays, estuaries, rivers and streams throughout the Northwest
Coast it ié apparent that a knowledge of technical principles on which
were based systems of resource utilization was general.  For this
reason it is possible to compare and evaluate salmon fisheries in the
region as a whole.

The notion of salmon technology complexes was generated by

the evidence of my comparative research, and by the conceptual frame—
work that informed it. By formulating a model of interacting variables
to describe the processes of resource utilization, it was possible to
define the criteria of each productive type, despite ethnic variability.
Within the territorial boundaries of each ethnic division
there were a range of available water resources —- places where salmon
fisheries occurred. TFor some groups the range was limited, perhaps
only two or ‘three productive location types. Others had broader
choicesg their decisions about how to allocate their time and labour
effort had reference to a wider set of vafiables. To examine
differences:in resource utilization we must first distiﬁguish

variations within an ethnic division from variations between divisions.
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Within each ethnic division, here treated as a single unit,
there was considerable divefsity. 'The resources available to any
specified user-group within the society wére dépendent on factors of
geographic location, kinship affiliation, access to named or owned
resource locations, availability of labour, and seasonality of salmon
runs. A proper assessment of the deployment of production energies
for specified user-groups would need to account for all these factors,
and more.. To do close study of a particular territory, or sub-area
within a térritory, one would include an ‘inventory of;all-the available
water reéources_and important salmon runs and then evaluate known
strategies of resource production, or predict the selection of salmon
technology complexes.

The‘scope of the present study makes it necessary to treat all
the speakers of a language as a unit, and to look at the inventory of
salmon fishing methods‘not of the single corporate group, or clan, but
of the whole society, even while-recbgnizing that it is unlikely any
user—-group had access to all potential resource location types. As a
result, to compare Tlingit and Halkomelem, or the Quinault and Yurok,

we must infer a generalized ideal.

1. Interregional comparisons

All Northwest Coast ethnic groups had access to fresh water
resources of some kind. It is unlikely that any local user-groups were
-exempt. Even low ranking social groups who may or may not have been

excluded from the more productive salmon. fisheries close to their
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winter villages, would have had streams to which they travelled in
season. Only two groups were reported to depend more on marine
resources for salmon production, than on fresh water streams. The
Makah took most of their salmon supplies by trolling the inshore
fishery in the Straits of Juan de Fuca. This, at least, is the
assessment made.by Swan, and it is probably accurate for the early
nineteenth century. It may be that at an earlier period when greater
numbers of Makah lived at Ozette village, on the Pacific coast, the
resourcés of'Oéette River (and Ozette Lake) were more fully éxploited.
Four species run in this stream, including sockeye (but not_pink salmon).
The Hoko River which ruﬁs into thg Straits has been a traditional salmon
producing stream for the Makah for many centuries (Croes:1980). Thus
while the Makah had Véry limited freshwater resources compared to other
langﬁage‘groups, they were not dependent entirely on the sea. It should
also be noted here that the Makah are the only Northwest Coast society
that depended more on maritime species, cod and halibut, than on salmon
resources.

The Straits Salish are the other maritime-dependent group;
most of Straits salmon production-derived.from the reef net fisheries
that operated at various locations throughout the area contingent to
the chief migratory path of Fraser-bound sockeye and pink salmon.
By tapping the resources of this abundant supply of salmon, Stréits
people were less depéndent on-theirvterritorial freshwater resources;
nevertheleés, a diversified salt and fresh water salmon fishery
extended the seasonal availability of the resource, and made chinook,

coho, and chum accessible.
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All‘othef Northwest Coast societies. were dependent more upon
riverine salmon production for their primary storage foods than upon
maritime supplies ( 8). The present study has demonstrated the
diversity of types of fresh water locations and the variability of
salmon abundance from one river system to another. A division of
types concerning only the broadest considerations is given here to
facilitate interregional comparisbns. There are major ranking rivers,
the Nass, Skeéna, Fraser aﬁd Columbia systems; second ranking rivers
which include among others the Bella Coola énd Klamath basins; and
two additional categories. The first of these are rivers that produce
unusually large runs of salmon despite their relative size; the
Quinault iS'an_exaﬁple. Finally, there is the category of independent
streams. —— ofteq short coastal rivers, island rivers, etc. —-- that
produce salmon resources which come within average ranges for 'major'
stocks, acqording_to INPFC estimates. Every Northwest Coast sociéty
would havé relied on one, and occasionally more, of these categories
for its primary production of salmon resources.

a) major rivers: The advantages that obtained to riverine

communities with access to the most productive Northwest Coast resource
areas have aiready been elaborated. People who lived in the lower
courses of major rivers could intércept runs bound for streams at
higher levels, thereby tapping the abundance of the entire watershed
system. The occurrence of coincident runs of various species and
stocks provided lower river people with an extended period of tiﬁe

to exploit the resource; from June to November serial énd concurrent

runs of salmon migrated through their fisheries. In the Nass and
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Skeena Rivers the season ends in late September — early October.
Because of the nature of salmon populations, inéiuding the depensatory
and compénsatory.characteristics-that affect the size of spawning
stocks, major river systems in their léwer concourse are less sus-
ceptible to resource variation ( 9). In addition to the abundant
salmon resoﬂrceé available in the main part of the river, user-groups
also had access to the resources.in tributary streams and rivers.
There is a. correlation between high resource availability and the number
of salmén technology complexes used: thus, Halkomelem people - 10;
Tsimshian péople - 11; and the Chinook, who had no access to a
maritime fishery in the open Pacific, used 6 out of a possible 9.

The Chinook unlike the Halkomelem and Tsimshian, relied on one salmon
technology complex as a primary production system: the seine (10).
\Salmon abundance on the Fraser and Skeena, and possibly on the Nasé,
as well, was exploited in a broader range of resourcé locations.

b) secondary rivers: Watershed areas next in rank supported

large resident populations oriented to riverine systems of production.
The Chilkat, Bella Coola-Atnarko, and Klamath-Trinity are representative.
examples in the literature. All three areas had important salmon runs.
The Chilkat was a majorvproducer of sockeye salmon. All five species
were present in the Bella Coola River in numbers far superior to most
parts of the coast; of special interest is the fact that the Bella’
Céolavwas the centre of abundance for chinook salmon in ceﬁtral

British Columbia. Similarly, chinook salmon was the principal

resource in the Klamath system. Two major 'races' entered the river

each year, an early and a late run. It is difficult now to reconstruct
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the size of ﬁast runs in the Klaﬁath. At present there is an escape-
ment in excess of 50,000 (extraordinarily high for this species),
although dams and hydroéléctric projects have been constructed in the
upper reaches of the system.

Three language groups, the Yurok, Karok, and Hupa, shared the
salmon resources of the Klamath (11). The season for chinook and coho
extended over a six-month period from late April - early May to late
Octobér, But apparently there were few, if any, runs in early summer.
This is somewhat longer than the Bella Coola River which had an in-
tensive four-month fishery with all five species present in a
combination of serial and overlapping runs.. Farther north, in the
Chilkat River, sockeye and chum salmon ran mainly in July and August.
Both Chilkat and Bella Coola fishermen also had access to a salt water
salmon fishery and to other nearby streams, indicating a greater
diversity of reéource poténtial than the people of the Klamath basin.

c) coastal rivers as centres of species abundance: Many

smaller rivers carry an exceptionélly large spawning population', of a
particular species while supporting only average size runs of other .
species. Where these centreé of abundance occur it appears that one

of two things tended to happen: either people settled in the river
valley and its adjacent areas énd regularly exploited the local rums to
obtain their staple foods,bin which case the population of the

language group prbbably stabilized and remained relatively small;

or else people moved to a productive resource area seasonally to
exploit the large runs, and then moved on to other resource areas, in
which case .a diffused settlement pattern and an expanded human

population could occur for a specified language group.
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In the southefn half of the Northwest Coast culture area
the option to expand and diversify was considerably more limited than
in the northern half. There was no pqssibility of a maritime fishery,
either for salmon or non-salmon species. There were no off-shore islands
to settle on; and no inland expansion was possible because the little
- coastal rivers took their source from mountain ranges near shore.
Clustered afound every important salmon river was an independent
language. group utilizing weir technology. 1In an article entitled
"Historic Perspectives in Indian Languages of Oregon and Washington',
Jacobs (1937) remarks there were 24 or 25 mutually unintelligible
languages west of the Cascades. Raising the question, what processes

were operative? Jacobs states:

The Oregon-Washington beachline seems interpretable

as one thin and long region of fairly fixed coastal

language enclaves which have survived from earlier

times in economically well-supplied localities.

(1937:55)

On the Oregon coast three rivers supported coho runs that exceeded
50,000 escapement (mult.reg. 0.71): they are the Nehalam River
(Tillamook), Drift Creek and the Alsea River (Alsean); and a resource
area called Ten Mile Lakes at mid-point between the Umpqua and Coos
Rivers (Siuslaw and Coosan?). Whether the latter centre of abundance
served the needs of people both to the north and south, or only one

or the other language group, is information that because of the nature

of Oregon Coast ethnography is not available (12).
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Weir technology on the Quinault and Quileute Rivers has
previously been mentioned. The run of sockeye salmon in the Quinault
River is exceptional not only because of its abundance (over 50,000
escapement: x 7.88) but its timing (and, Swan would have added, the
superiority of its flavour). On most parts of the coast, sockeye
runs- appear in late summer; but in the Quinault the ''bluebacks" come
in spring between April and June when it is possible to operate weirs
before the freshets swell the river. It is the only place reported
in the ethnographies where large communal weirs were constructed
especially to take sockeye salmon. The Quileute does not have sockeye
runs but weirs were used for fall runs of chinook and other species.

Sockeye populations in the north are supported mainly by the
Nass, Skeena, and Fraser systems, and by a large run in the Bella
Coola, as has been mentioned. Next in importance is the River's Inlet
sockeye producing area (13), a system of ten rivers in the vicinity
of Owikeno Lake eaéh.supporting'large runs. This large lake is.juét
a few short miles from the sea, a situation unique on the coast.

Most lakes near coastal areas are nutrient-poor, unable to support
soékeye populations; but Owikeﬁo is the exception;_it is sufficiently
nutrient-rich to susfain food resources for millions of young fry.

The territbry>wés exploited by Heiltsuk people (N. Kwakiutl) who lived
in coastal villages onythe islands and shores of the inlets.

The Southern Kwakiutl had a sockeye river that exceeded the
50-100 range (14), the Nimpkish River in Johnstone Strait. They also
had two, Smokehouse Creek and Canoe River, in the 20-50 range. There

were only three other rivers of this size in British Columbia:
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Copper Creek in the Queen Charlottes (Haida: Skidegate); Kitlope
River (N. Kwakiutl); and Somass River system on the west coaet of
Vancodver Island (Nootka). In Alaska, in addition to the large
sockeye run already mentioned in the Chilkat River, the'Taku River
and two other streams in‘Behm Canaldhad sockeye runs in excess of
50,000..

Similerly, chinook ﬁroducing streams with extraordinary
abﬁndance are quite iimited in number. Again the Nimpkish eystem
appears as a leading salmon river with an escapement value of 10-20
(mult.reg. 0.96), along with two other streams: the Klinaklini
(S; Kwakiutl) and the Squemish (N. Gulf Salish). A tributary of the
Fraser, the Harrison, is in ‘the same rank. Accurate estimetes for
chinook rivers in the south are not included. in the INPFC 1967 report.

There are natural limitations on the number of potential
resource areas with excessive abundance, once the five or six major
salmon producing river systems are disregarded. Therefore, the
advantages enjoyed by:those who occupied the lower COncourse of each
major Northwest;Coast river were not widelyvshared. Other language
groups with large populations were dispersed generally over a larger
territory, exploiting diversified salmon fisheries. Whether.or not
ﬁhey had access to-dne of the richer resource areas, they‘were less
oriented to a riverine economy. Exceptions are the southern groups
along the Washington and Oregon coasts each of whom occupied river
systems of a comperable size and resource'potential. The few Oregon
groups who had larger runs, those mentioned in this section, may have
had a more intensive fishery at fewer sites than those who exploited

less productive rivers and streams.
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d) independernt streams: Finally, we will consider the
Broad category of island riverS'aﬁd independent mainland streams
where imajor' spawning popuiations occur within the normal range for -
each species (15). For the British Columbia part of the Northwest
Coast the number of rivers in this category has been calculated (see
Table IX ). 1In addition to these moderate size runs there would be
numerous smaller spawhing'populations that might be exploited.

The salmon resources from independeﬁt streams were especially
important to island populations and coastal cbmmunities at inlets on
the north coast. Mainly affected were the Haida, most Tlingit divisions,
and the people of the west coast ‘of Vancouver Island (Nootka). The
Northern Kwakiutl, Southern Kwakiutl, and Northern Gulf Salish also
" utilized the resources of independent streams; however, they had
greater access to centres of species abundance in other locations aﬁd
appear to have héd a more diversified fishery. Coast Tsimshian people
living on the'offshore'islands would also be included in this category.
Island people.like the Haida, Tlingit, and Nootka obtained the bulk of
their salmon supplies, apparently, through the use of similar
strategies.  In each society small resource holding groups dispersed
to the streams they owned to exploit the salmon runs. Their
familiarity with the characteristics of the salmon stocks supported
by these streams would enable them to schedule their labour efforts
to correspond to the peak period of each run. Groups may have been
able to exploit severai adjacent streams in this way, depending how

close together the timing of runs occurred.
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TABLE IX

INDEPENDENT STREAMS

1

The number of salmon streams in British Columbia to support
spawning populations that fall within normal ranges for 'major'
stocks, by species.

Sockeye | Pink Chum " Coho Chinook
odd even

45 56 56 81 154 82

Figures obtained by disfegarding the upper values indicated in
frequency distribution table (berringer) for rivers :: spawning
‘population ranges (cf Appendix II).
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In the Queen Charlottes, Haida people relied ptincipally on
fall runs of chum salmon to pfovidelstorage foéds. The Tlingit also
utilized chum ektensively; most runs in the archipelago occurring
in late émmmen together with large runs of pink salmop. On the
west coast of Vancouver Island,. streams that support chum salmon are
very common; the occurrence of runs is usually in autumn. Chum salmon
populations typiéaily select spawning grounds no more than a few miles
from the sea. The runs are widely dispersed in hundreds of coastal
streams. In the Queen Charlottes and the west coast of-Vancouvef
Island, tﬁe other species that occurs late in the season, with runs
in numerous rivers, is coho. Runs of coho salmon could be exploited
by some user-groups in the same seasonal period as chum. Weirs, traps,
harpoons, and gaffs were the principal sélmon technology complexes
used in independent streams.

The Nofthern Kwakiutl, Southern Kwakiutl, and Northern Gulf .
Saliéh groups had rivers running into inlets and channels along the
roughly irregular -shoreline; typically, short mainland rivers coming
out of the mountains. Numerous streams support runs of Chum, coho,
and pink stoéks (16).. The control of thesé resource areas would
afford local user-groups a degree of flexibility when planning fishing
activities.

A comparison of salmon technology complexes for the six
ethnié divisions mentioned in this section indicates that they all .
may be characterized as diversified'fishérmen.. It is the latter
three ﬁho are more commonly referred to in this way in general

Northwest Coast accounts, perhaps because their orientation to the
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sea 1is more obvious. However, the three island divisions also

utilized a wide range of technological applications in the salmon
fishery. The number of salmon technology complexes used is as follows:
Haida - 8; Tlingit - 7; Northern Kwakiutl -~ 7; Nqotka - 7; Southern
Kwakiutl - 6; Northerﬁ Gulf.Salish = 9. These Northern and

Wakéshan groups, and the various Salish language speakers living at

the northern end of the.Gulf of Georgia, utilized systems of exploitation
that extended over a range of potehtial salmon fishery sites.

The ownership of individual rivers and streams with
moderately large salmon populations éstablished a close relation
between the fisherman and the resource he exploited. Variations in runs
would be quickly diséerned. A resource owner familiar with the nature of
the salmon stocks he utilized would recognize a below-average yield as
it occurred, and be able to plan alternate strategies such as moving
to anofher resource area. As always with Northwest Coast fishermen, it
was important to be at the right place at the right time to exploit
the peak .of a salmon run. Dispersed user-groups with access‘to salmon
_resources in several streams would be less vulnerable to run failures
and natural occurrences that disrupt salmon populations. As a
result, where there is a dependency on one biotic element, in this
case, the anadromous salmon; those who control a diversified resource

base have an obvious advantage.
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2. Aggregate of Complementary Systems

In the preceding éection, the reciprocal relations of the
variableé'that have been discussed were recast to>afford an inter-
régional comparison of Northwest Coast traditiomal salmon pfoduction
étrategies. Attention focussed on the particulars of several sets of
variab;es in order to assess and evaluate the total complement of
technicél systems. Since no single ethnic division had resource areas
so diverse that all twelve sélmon technology complexes could be
utilized, the significance of these distinct features at fishery
sites was highlighted.

The evidence denoted a qualitative difference in the types
of resource locations available to people who.occupied.dissimilar areas,
for example, the Masset Haida and the Halkomelem Salish. Because
" their rivers were smaller, islanders exploited the salmoq resource at
dispersed locations, whereas coastal mainlanders, with access to large
salmon runs in the majér rivers, concentrated their fishing activities
at fewer sites. Differenées in the length of the salmon seasoﬁ were
also significant; island streams with several spaWning populatioﬁs of
salmon‘must be fished within the time constraints of peak migratioms.
On the other hand, major drainage basin systems in which serial and
overlapping runs occured throughout an extended season, allowed user
_groups greater flekibility to tap into the resource as it suited them.
Many éxamples of the vatiable‘nature_of Northwest Coast salmon

accessibility have been given in the course of this study.

N \
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The peoples of the Pacific coast inhabited an.environment
rich in water resources. Factors of climate and geography combined
to prodﬁcesconditions perhaps unparalleled elsewhere in an area of
comparable size. Rivers and streams flowed copiously in the territories
of each language group, seldom if ever running dry even in the warmest
months of theIYeaf. Many people had maritime access or occupied areas
contiguous to brackish waters; the biotic reserves of marine, estuarine,
and riverine ecological niches each offered a separate set of resource
opportunities.

Salmon and other anadromous species were seasonally available
in all these zones, the annual variability of abundance notwithstanding.
Whereas in other parts of the world humans sought out fertile land
areas in which to settle, Northwest Coast peopleé discovered the
teeming waters of the coastal rim. It is notable that water resources
were not centralized in a few valleys, but widely distributed throughout
the region. As a result, accessibility to resource areas.wes decentralized
" and diepersed among productive salmon streams and inshore fishery sites
in every part of the coast.‘

The economic significance of salmon exceeded its obvious
nutritional importance as a staple food. In the prestige system of
Northwest Coast societies, salmon had a 'constant value'. It was not
a commodity, subject to fluctuations in price and competition, as is
the case with fish in market economies. Rather it was a fundamental
source of wealth. As previously indicated; surplus salmon could be

converted through complex social and ceremonial systems of exchange
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into any of a number of things that denoted conspicuous wealth and
status. Thdse who could assemble sufficient quantities of salmon to

host the ceremonial feasts and provide gifts for many guests, typically
held higher ranking positions in the society. In the exchénge system

of feasts, they received status confirmation and the validation of claims
to non-corporeal and corporeal property. Therefore, salmon in the

social system of the Northwest Coast had an intrinsic value since access:
was the key, ultimately, to power and prestige.

I have suggested that the dominant variables in the fishery model
were those related to the nature of the prey. ‘The annual or biennial
migration back to the spawning stream of origin, a significant
characteristic of fhe anadromous salmong. occurs as a regular event,
each genetic stock in its own seaéon. The fishermen of the Northwest
Coast planned their resource use strategies to coincide with recurring
salmon runs. Members of each local user-group knew the resourée
potential of salmon fishing sites in their territory.. They knew when
the important runs of each species would occur, and approximgpely how
long the peak of a run would lasf. Through the use of selective systems
of production, defined in this study as salmon technology complexes,
and by organizing the necessary labour both to produce and preserve the
catch, fishérmen intercepted the runs of certain stocks en route to
natal streams. As I demonstréted in the analysis, salmonvare thus
extracted at each_time and space segment of the run through which they
pass. The greater the number bf available fishery sites, the greater the

advantage to resource users.
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In conclusion, the ethﬂographic record contains many
examples of how Northwest Coast fishermen used as many parts of the
biosphere as possible to procure salmon. An objective of this study
has been to assemble these data and examine them in the context of
specified ecological, social, and technological components. The model
transformed some common aspects of the fishery into abstract categories
but displayed a capability to return when required to the empirical
case., Thus it was possible to analyze the nature of the traditional
fishery and describe the interrelation of variables within several
paradigmatic arrangements. As a result, ethnographic examples of
diversity have provided evidence for my conclusion that the traditional
fishery was.a rationalized system in which prqduction efforts were
organized and integrated to exploit*fbe{sgimbn‘¥ésduféé*efficiently.,

The c&ncept of salmon technology complexes‘was formulated
for this Study to provide a model of interacting variables that would
clarify the criteria of each salmon production system. I shall
conclude with the proposition that my comparative analysis of the
fundamental principles in salmon resource ecology and technology in
traditional societies of the Northwest Coast establishes a base line

on which to construct future economic studies.
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PART THREE Footnotes

1 See p.154 for -an analysis of the reef net complex using
other comparative criteria.

2 Both harpoons and gaffs wére also used further upstream.
3 In this section, 'traps' refers only to Traps I (pp.85..),

not to the more specialized Traps 1T whlch are treated
in the next section.

4 . j;Five fundamental designs are described in Traps I.
5 Refer to Weirs (pp.75..) for fuller detail.
6 & 'Weir panels were removed to permit escapement when people

were not actively fishing.
7 cf Cox:1957 (1831); Franchere:1854; Ross:1849; Howay:1941.

8 Dawson (1880) and Murdock (1936) suggest that maritime
species, particularly halibut, ranked equally with salmon
in importance to the Haida. TIf this is the case, then the
Haida and Makah both are anomalous; all other societies
depended principally on salmon supplies.

9 Kew (1976) was first to observe the interrelation of all
’ these factors in a paper on salmon resource availability
in the Fraser watershed.

10 Had Lower Chinook data not been treated separately from
: Wishram, the results would be different. Dip net production
at the Columbia River canyons probably rivalled or exceeded
seine net production in the estuary.

11 Kroeber and Barrett (1960) include distribution maps for
each aspect of fishing technology both for these and
neighbouring language groups.

12 ' The area is very close to a tributary of the Coos River,
- possibly within Coosan territory.

13 This area is more properly referred to as Owikeno and
Long Lakes, tributaries to Rivers Inlet and Smith Inlet
respectively. The two races of sockeye intermingle in
inshore waters (INPFC:1967:232).
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(in thousands) Averages over twelve yearé for the
Nimpkish: 5 years greater than 100; 7 years 50-100
range (7.88 x). ‘

For the sake of brevity, and because of unique biotic
and geophysical characteristics of the Puget Sound
lowlands, I have not counted rivers of that area

in this reckoning (cf Mitchell:1971).

Abundant runs of even-year pink salmon run in the streams

of the Queen Charlottes.
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APPENDIX I

TABLES X - XXII
Introduction

A list of the references cited in the distribution analysis
of Salmon Technology Complexes is tabled in this Appendix. Each STC
has been tabled individually. Additional notes are inclﬁded. Table
XXII explains the codes used to identify ethnic divisions on the maps.

A few words of explanation about the reference lists is given
here:

1 A1l affirmative (aff) references to salmon fishing methods in the
literature consulted are indicated in the Tables. The distribu-
tion maps are based on these data.

2 Not all negative (neg) references are included in the Tables. Of
those sources listed negatively the reference may mean one of
the following: (a) there is an absence of information about
the fishing method in question, (b) there is insufficient
information to make a clear identification of the method, (c)
there is a specific negative reference, i.e., the source indicates
that this method was not used by the ethnic group (when this
occurs, a note 1is generaily added to the reference on the Table).

3 The Bibliography contains the listings of all sources researched;
these Tables merely indicate where positive information is to be

found.



APPENDIX I: TABLE X

List of References for Salmon Technology Complex 1 —'Trolling

Ethnic Division Source Reference - Notes
Tlingit Krause:1956(1885) neg (Chilkat)
» deLaguna:1972:391 neg denies aboriginal (Yakutat)

delLaguna:1960 neg (Angoon)
Drucker:1950 o ' neg
Oberg:1973 neg
Olson:1967 neg
Niblack:1890 neg

Haida Dawson: 1880 neg
Drucker:1950 neg
Murdock:1934 neg
Niblack:1890 neg

Tsimshian Boas:1916 neg
Drucker:1950 neg
Duff:1959 neg
Garfield:1939,1966 neg
MacDonald:1976:46,51 aff (archeol.evidence: sinkers):"along the coast in spring

and fall people trolled for salmon."

MacDonald:1980 aff (pers.comm.):trolling lines of kelp
Sapir:1915 _° neg

Northern Kwakiutl Drucker:1950 neg

; Olson:1940,1954,1955 neg

Bella Coola Drucker :1950 neg

Mackenzie:1970:391(1793) aff (?7) obtuse angle hook made of two pieces of wood or bone

mentioned following ref. to cordage quality #*

- 8¢ ~



APPENDIX I: TABLE X Cont.
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Ethnic Division Source Reference Notes Trolling 2
Southern Kwakiutl Boas:1909:485-6 aff fig.155; details manufacturing; methods; coho salmon
"trolling for salmon was practiced."

Boas:1921:237 aff sockeye (?) caught by trolling, also coho *%*
Drucker:1950 aff (Koskimo ,Kwexa,Wikeno)

Nootka Cook:1785:328 aff
Drucker:1950:168 aff (Tsishaat, Clayoquot)
Drucker:1951:40 aff troll for chinook during herring runs; fresh consumpt.
Koppert:1930:72 aff (Clayoquot) baited acute angle hooks on kelp lines,

troll in mornings

Sapir & Swadesh:1955:30,45 aff autumn:cohos:salt water (in the passage)
Sproat:1868:220 aff

Makah Gibbs:1877:167,175,195 aff "what salmon are taken are chiefly got by trolling."
Gunther:1927:215 aff ' '
Niblack:1890:291 aff Plate XXX:trolling hook collected by Swan
Singh:1966:40,70 aff most imp.method; Swiftsure Banks,June; single- &imulti**
Swan:1870:23,24 aff fresh & dried; Makah will not troll unless herring

' are present; very important method.

N.Gulf Salish Barnett:1939:230 aff hooks, sharp angle
Barnett:1955:85-86 aff Fig,26

Halkomelem Barnett:1939 aff (Nanaimo - possibly; Cowichan - yes)
Barnett:1955:85-86 aff Fig.26 Cowichan
Duff:1952 0 Upper Stalo had no salt water sites
Jenness:1955:7,9 0 Katzie had no salt water sites
Suttles:1955:23 0 Katzie #{as above)
Hill-Tout:1907:90 aff in the off-season

Straits Barnett:1939:230. aff (East and West Saanich)
Barnett:1955:85-86 aff Fig.26
Gunther:1927:198,201 aff trolled inside the spit for coho

Stern:1934

neg
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Ethnic Division Source Reference Notes Trolling p.3
Straits - contd. Suttles:1951:134-136 aff chinook in winter,spring & summer; coho in summer.
Lushootseed Collins:1969:294 aff trolling off Skagit Head for chinook

Haeberlin & Gunther . . .
1930:27 aff ‘salt water trol;lng when salmon first begin to run
Smith:1940:254-5 aff bent ironwood hook, herring bait (Puyallup-Nisqually)
Waterman:1973:66 . aff 'occasional'
Twana Elmendorf:1960:57,60, aff salt water "but this method furnished relatively small
80-81,Fig.4 proportion of the catch." Fig.4 — curved hook
Quileute Pettit:1950 neg
Singh:1966 neg
Quinault Olson:1936 neg
Singh:1966:40 neg
Swan:1857:264 neg never by baited hook
Lower Chinook Cox:1957 (1831) neg
Gibbs:1877 neg
Ray:1938 neg
Ray:1942:110 neg denied
"Swan:1857:264 neg never by baited hook
Upper Chinook 0 no salt water fishery
Tillamook Barnett:1937 neg
Sauter & Johnson:1974 neg
Oregon Coast Barnett:1937 neg
Drucker:1939 neg Alsea did not fish offshore (p.83)
Tolowa Drucker:1937:271 neg

Kroeber & Barrett:1960:134 neg

- 0%¢ -
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Ethnic Division Source Reference Notes Trolling p.4
Hupa Kroeber & Barrett:
1960:134 neg
Wiyot Kroeber & Barrett
» 1960:134 neg
Yurok Kroeber & Barrett
1960:134 neg
Karok ' 0 : no salt water fishery

%
Bella Coola data not clearly identified as trolling hook but Berringer assumes probability high.

k%

Boas may have erred in identifying sockeye; they do not typically take a lure.

K k%
Makah: Hewes' thesis reported the use of both single trolling hooks and hooks used in gangs of up to 30

on a single line,

Singh:1966:40).

Ref. is to long-line trolls; his source: Rounsefell & Kelez. (Hewes quoted in

- I%¢ -
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xList of References for Salmon Technology Complex 2 - Seining

Ethnic Division

Source . Reference

Notes

Tlingit

Haida

Tsimshian

Northern Kwakiutl

"Bella Coola

Southern Kwakiutl

Nootka

Krause:1956:120(1885)
deLaguna:1960
Drucker:1950:234
Oberg:1973:9

- Dawson:1880

Drucker:1950
Harrison:1925

Murdock:1934,1936

Niblack:1890:293
Swanton:1905

Boas:1916:397

Drucker:1950
Garfield:1939
MacDonald & Inglis:1976

Drucker:1950:234
Olson:1940,1954,1955

Drucker:1950:234
Mackenzie:1970
McIlwraith:1948

Boas:1909:465
Boas:1921
Drucker:1950:234

Drucker:1950: 234
Koppert:1930:68

neg
neg
neg
neg

neg
neg
neg
neg
(7

neg
(?)

neg
neg

()

neg
neg

neg
neg
neg

neg
neg
neg

neg
neg

nets 30-40 fathoms long; no information given
denied
nets mentioned but no information given

denied
Massett '"seine'" net, 52 ft x 64 inches (prob.trawl)#*

nettle fibre nets for salmon, 20 fathoms long x
20 meshes wide. Cedar bark line 46 fathoms long;floats
denied

I
No
B~
N

I

.

possible use of nets for seining

denied
denied
nets for eulachon chiefly

denied

denied
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Ethnic Division Source Reference Notes ‘ Seining p.2
Nootka - contd. " Sapir & Swadesh:1955 neg
Sproat:1868:221 neg
Makah Colson:1953 neg
Singh:1966 neg
Swan:1870 neg
N.Gulf Salish Barnett:1939:230 aff (Comox, Squamish) (but may have meant gill net only.%)
) Barnett:1955:86 neg drift seine known but not resorted to very often.
Halkomelem Barnett:1939:230 aff (Nanaimo, Cowichan)
Duff:1952 neg
Hill-Tout:1907 neg
Jenness:1955 neg
Suttles:1955 neg
Straits Barnett:1939:230 aff (E.Saanich)**
' Gunther:1927:198-201 neg
Suttles:1951:139-140 aff (Samish) "drag seine' used at mouth of Samish River
upon returning from the summer's reef-netting. Coho.
Lushootseed Collins:1974:46 neg
Haeberlin & Gunther: aff seine net described but not method. Salt water.
1930:28 : '
Smith:1940:263 aff wealthy people only. Salt water.
Twana Elmendorf:1960 neg
Quileute Pettitt:1950 neg
Singh:1966 neg
Quinault Olson:1936 neg
Singh:1966 neg
Swan:1857 neg



APPENDIX I: TABLE XI Contd.

Ethnic Division Source Reference Notes Seining p.3
Lower:Chinook Cox:1957:177(1831) aff
Ross:1849 aff Lewis & Clark quoted in Ross
Gibbs:1877:194,195 aff
Lyman:1903:66 aff
Swan:1857:103-108 aff
Wishram Spier & Sapir:1930:176 aff
Tillamook Barnett:1937 neg
Oregon Coast Barnett:1937 neg
Tolowa Barnett:1937 neg
Drucker :1937 ' neg
Driver:1939:312,378 aff "this is dragged or circled, the true seine."
Kroeber & Barrett: aff
1960 _ Map 19
Yurok Kroeber & Barrett: aff Map 19
1960:49,133,146
Karok Kroeber & Barrett: aff Map 19
” 1960:49,146,155
Kroeber:1925:85 aff Map 19
Hupa Kroeber & Barrett: aff Map 19

1960:40,146,155

Wiyot Kroeber & Barrett: aff Map 19
1960:49,146,155

- 7% -
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‘List of References for Salmon Technology Complex 3 - Harpoons

A\

Ethnic Division Source Reference Notes
X Tlingit Krause:1956:120-121 aff - (Chilkat)

deLaguna:1960:116 aff " (Angoon)
deLaguna:1972:384~5 aff (Yakutat)
Drucker:1950 aff
Oberg:1973:9,60-62 aff (Chilkat) important
Olson:1967:vi aff
Niblack:1890:288 aff
Knapp & Childe:1896:90 aff

Haida Dawson:1880:109, 144 aff I
Drucker:1950:170,240 aff N
Murdock:1936:224 aff b
Niblack:1890:288 aff Fig.137 :
Swanton:1905 neg (no mention)

Tsimshian Barbeau:1930:147 aff
Boas:1916 aff
Drucker:1950 aff
Large:1957 aff
MacDonald & Inglis:1976 aff in the river, use the harpoon from platforms

Northern Kwakiutl Drucker:1950:167 aff

Bella Coola Drucker:1950 aff
Mackenzie:1970:391(1793) aff toggled harpoon

Southern Kwakiutl Boas:1909:488-495 aff Fig.156, unequal foreshafts
Boas:1921:223,302,238 aff chum salmon at river mouths, sockeye in upper rivers
Drucker:1950:167 aff '
Niblack:1890: aff Plate XXX; Fig.150 Nimpkish old style spear



APPENDIX I: TABLE XII Contd.

Ethnic Division
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Source Reference Notes Harpoons -2
Nootka Cook:1785:328 aff (April 1778)
Drucker:1951:19-20 aff
Drucker:1950:167 aff )
Koppert:1930:78 aff (Clayoquot)
Jewitt:1967:47 aff
Sapir & Swadesh:1955:41 aff
Sproat:1868:221 ' aff
Makah -Croes:1980:311 aff Hoko R. archeol. evidence, detachable harpoon points
’ Gibbs:1877:175 aff
Gunther:1927:215 neg
Singh:1966:39 aff
Swan:1870 neg
N.Gulf Salish Barnett:1939:229 aff
Barnett:1955:83 aff
Halkomelem Barnett:1939 aff
Barnett:1955:83 aff
Dally:n.d. aff Doc.#39 (B.C.Prov.Archives)'used for salmon on the
lower Fraser':photo.
Duff:1952:62-67 aff (Stalo) coho in winter by firelight; chinook in spring
when the water was low and clear
Fraser:1960:101(1808) aff
Hill-Tout:1907:131-32 aff
Jenness:1955:8 aff (Katzie)
Suttles:1955:22-23 aff (Katzie) fall fishing at shallow bars
" Straits Barnett:1939 aff
Barnett:1955:83-84 aff Fig.21
Gunther:1927:198-201 aff (Clallam) coho, pinks, chum; wusually at night.
Stern:1934:51 aff chinook; river channels
Suttles:1951:140-143 aff
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1940:19

’ﬁthnic Division Source Reference Notes Harpoons —3
Lushootseed Collins:1974:50,58 aff
Haeberlin & Gunther:1930:27 aff .
Smith:1940:264-267 aff Smith notes differences in techniques salt water/
_ inland people '
Waterman:1973:55-60 aff
Twana Elmendorf:1960:57,76-80 aff Fig.4., in streams from canoe; important method
Waterman:1973:56 aff ‘
Quileute Pettitt:1950:7 aff .
Singh:1966:39 aff @ot as productive as weirs, traps, and nets.
Quinault Olson:1936:33-34 aff shallow water
Singh:1966:39 aff not as productive as weirs, traps, and nets.
Lower Chinook Cox:1957:177(1831) neg no information
Gibbs:1877:195 neg no information
Lyman:1903:66 aff
Ray:1938:108-109 aff from canoes; 3rd most important fishing method
Swan:1857:38-40 aff Fig.
Wishram Gibbs:1877:195 neg
Lyman:1903:66 aff speared salmon at the Cascades, the Dalles.
Spier & Sapir:1930:175-6, aff fall fishing; owned stations over the River; second
‘ 178 ' only to dip netting.
Tillamook Barnett:1937:164 ~aff
Sauter & Johnson:1974 aff
'Oregon Coast Barnett:1937:164 aff
Boas:1923 aff :
Drucker:1939:82-83 aff (Alsea)
Leatherman & Kreiger: aff (Coos) archeol.evidence harpoon

- YT -
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AEthnic Division Source Reference Notes Harpoons -4
Tolowa Drucker:1937:233,237 aff
Kroeber & Barrett:1960:
74-80 aff
Yurok Kroeber in Elmendorf:1960 aff footnotes: comparing Yurok and Twana harpoons
80
Kroeber & Barrett:1960: aff re access (p.76)
73-80
Karok Kroeber & Barrett:1960:77  aff chinook salmon; cf Gifford footnote
Hupa Kroeber & Barrett:1960:74- aff
75
Goddard:1903:25 aff
Wiyot Kroeber & Barrett:1960:75 aff quote Curtis re spearing at riffles, in_mdonlight;

quote Hewes fieldnotes: "...salmon ran in such

numbers that a spear thrust anywhere would bring
up a fish." :

- 8%¥¢ -



-List of References for Salmon Technology Complex 4 - Trawling

'APPENDIX I: TABLE XILI

Ethnic Division Source Reference Notes
Tlingit Krause:1956:120 neg
deLaguna:1960 neg
deLaguna:1972 neg
Drucker:1950 neg
Oberg:1973 neg
Olson:1967 neg
Haida Dawson:1880 neg
Drucker:1950 neg ,
Murdock:1934,1936:224 aff at the mouths of streams with dragnets
Niblack:1890:293 aff between two canoes; drag nets secured to poles
Swanton:1905 neg
Tsimshian Drucker:1950 aff (Kitqata at Hartley Bay)
Garfield:1939 neg .
Northern Kwakiutl  Drucker:1950 aff Xaisla
Olson:1940,1954,1955 neg
Bella Coola Drucker :1950 aff
Mackenzie:1970:371(1793) aff large trawl between two canoes in river channels
near the mouth
McIlwraith:1948:610 aff
Southern Kwakiutl Boas:1909:465 neg
Drucker:1950 neg
Nootka Drucker:1950 aff (Tsishaat)
Jewitt:1967 (1815) neg
Koppert:1930 neg
Sproat:1868 neg

- 6%C -
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gthnic Division Source Reference Notes Trawling -2
Makah Gibbs:1877 neg
Singh:1966:38 aff sockeye in Ozette Lake
Swan:1870 neg
N.Gulf Salish Barnett:1938:122 aff Squamish River; two canoes, pocket net
Suttles:1951:155 aff Squamish; (special) used between 2 poles from a single
canoe’
Halkomelem Boas:1894:460 aff
Barnett:1955:87 aff
Duff:1952:131,144~145 aff bag netting: 2 kinds, on ropes, on poles. used more
for sturgeon fishing but also to take salmon:Fraser R.
Harrison R., Chehalis R. for chinooks.
Fraser:1960:114(1808) aff net dragged between 2 canoes on Fraser R.
Hill-Tout:1907:90 aff Island tribes at mouth of Fraser, over shoals
Kew:1976 aff important salmon fishing method lower Fraser
Suttles:1951:155 aff (Cowichan & Nanaimo)
Suttles:1955:22 aff (Katzie) in Fraser for sockeye
Straits Gunther:1927:201 (aff) (Clallam) (special) native term for this river net same
as Suttles 'trawl' but Clallam net not used between 2
canoes.
Suttles:1951:144-5 (aff) Lummi in Nooksak R. but not very important method
Lushootseed Collins:1974:46 . aff native term similar to above
' Haeberlin & Gunther:1930:28 aff between two canoes
Smith:1940:264 aff native term similar to above
Sattles:1951:145 aff used by up-river peoples
Twana Elmendorf:1960 neg
Quileute Pettitt:1950:7 aff between two canoes :
Singh:1966:38 aff mainly in estuary and few miles upstream; also Ozette L.
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Kroeber & Barrett:1960:54 aff

'Ethnic Division Source Reference Notes Trawling -3
:Quinault Olson:1936:30 aff
' Singh:1966:38
Lower Chinook Ray:1938:108 aff between two canoes, conical bag net (also commoﬁly
- used for sturgeon fishing)
Ray:1942:108-109 aff
Wishram Spier & Sapir:1930 neg
Tillamook Barnett:1937 neg
Oregons Coast Barnett:1937 neg |
N
Tolowa Barnett:1937:164 neg” h
Driver:1939:312 aff conical drag net |
Drucker:1937 neg :
Yurok Driver:1939:312 aff
Kroeber & Barrett:1960 aff (a) drifting bag seine for salmon rigged on ropes(p.40-1)
(b) conical drifting bag net for salmon on poles (ibid)
(c) double drifting bag net (pp53-54): on Klamath R.
~ Karok Driver:1939:312 aff conical drag net
Gifford:fieldnotes (1939)  aff quoted in Kroeber & Barrett
Hewes:fieldnotes (1940) aff as above :
Kroeber & Barrett:1960:54  aff
Hupa Driver:1939:312 aff
Kroeber & Barrett:1960:40  aff double drifting bag net on A-frame
Wiyot Driver:1939:312 aff

(single) drifting bag seine
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List of References for Salmon Technology Complex 5 - Gaffing

Ethnic Division Source Reference Notes
Tlingit Krause:1956:121 aff (Chilkat)
delLaguna:1960:116 aff (Angoon) steam bent hardwood
deLaguna:1972:386 aff (Yakutat) coho salmon; from canoes in riled water
Drucker:1950 (aff) . (Cape Fox) but Drucker believed it to be recent
Jones:1914:103 aff pinks and chum salmon
Niblack:1890:289 aff
Oberg:1973 aff coho
Haida Dawson:1880 neg
) Drucker:1950 (aff) but Drucker believed it to be recent, not aboriginal
Murdock:1934,1936 neg
Niblack:1890 () unclear reference
Swanton:1905 neg
Tsimshian Barbeau:1930:139 aff (Gitksan) at Hagwilget Canyon stations, family-owned
property; chinook salmon June & July; (photo)
Drucker:1950:238 (aff) (Kitqata at Hartley Bay) but Drucker believed not
aboriginal; (Tsimshian—~Gilutsa) recent acquisition*
Northern Kwakiutl  Drucker:1950:168 aff (Xaihais-Heiltsuk) trait list entry marked positive;
(Bella Bella) Drucker believed recent acquisition*
Bella Coola Drucker :1950 neg
Mackenzie:1970 neg
McIlwraith:1948 neg
Southern Kwakiutl  Boas:1909 neg
Boas:1921:223-4 aff chum salmon, Nimpkish R.
Drucker:1950 aff - (Koskimo, Nimpkish R.)#*
Niblack:1890:Plate XXX (aff) Nimpkish jig or smag for hauling out salmon':Fig.145;

detachable hook with binder line.

A T
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Ethnic Divisions Source Reference Notes Gaffing -2
_ Nootka Cook:1785:328 (?7) 'gigs'; no description
' Drucker:1950 neg
Koppert:1930:78 aff (Clayoquot) stream fishing for salmon - hook
Sapir & Swadesh:1955 neg
Sproat:1868 neg
Makah Gibbs:1877 neg
Singh:1966 neg
Swan:1870 neg
N.Gulf Salish Barnett:1938:121 aff
Barnett:1939:230 aff toggled salmon gaff#**
Barnett:1955:84 aff |
Halkomelem Barnett:1939:230 aff (Cowichan) i
Barnett:1955:84 aff |
Suttles:1955:23 aff (Katzie) barbless bent wooden hook of yew; binder line
Straits Barnett:1939:230 aff (E. & W. Saanich)
Barnett:1955:84 aff
Gunther:1927:200-01 aff
Stern:1934:49 aff fall fishing, muddy water
Suttles:1951:142-43 aff exclusively in streams for fall fishing; only device
used by all Straits groups; 'toggled' steam bent hook
Lushootseed Collins:1974 neg
Gunther & Haeberlin:1930 neg
Smith:1940:255 aff fall fishing
Waterman:1973 neg
Twana Elmendorf:1960:80 aff Fig.4; one piece barbless slip hook of ironwood, steamed

and bent, attached by line to shaft*#%
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Ethnic Division

Source Reference

Notes Gaffing -3

Quileute

Quinault

Lower Chinook

Wishram

Tillamook

Oregon Coast

Tolowa

Yurok

Karok

Pettitt:1950
Singh:1966

Olson:1936:26,34
Singh:1966:
Swan:1857:264

Cox:1957:177(1831)
Gibbs:1877:195
Ray:1938 .
Ray:1942

Swan:1857:135-38; 38-40,

287
Spier & Sapir:1930

Barnett:1937
Sauter & Johnson:1974

Barnett:1937

Kroeber & Barrett:1960
81-82

Kroeber & Barrett:1960
80-82

Kroeber & Barrett:1960

neg
neg

aff
neg
aff

aff
aff
neg
neg

aff
neg

neg
neg

neg

aff

neg

neg

gaff hooks in Quinault R.

1 « t
gig
'gig' attached by thong; rapids & small streams

important fall fishing method used by Shoalwater
Chinook

category not included in trait list

as stated above

quote from Hewes field notes: gaff for salmon was
regularly used from the canoe; bone point#***

no detachable ironwood or curved hooks of any kind
used for salmon fishing

- %67 -
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Ethnic Division Source Reference Notes Gaffing -4
Hupa Kroeber & Barrett:1960 neg'
Wiyot Kroeber & Barrett:1960:81 aff quote from Driver (see next entry)'
Driver:1939:313,379 aff salmon gaff

%
Drucker stated in his Ethnographic Notes that he did not believe the gaff to be aboriginal;
thée entries in the trait list are marked either positive or recently acquired. This Table
~ indicates Aff for a minimum positive entry of one group within the Ethnic Divsion, and

(Aff) for an entry marked 'recent' by Drucker.
been mistaken about the antiquity of the gaff.

*%

Nevertheless, Drucker appears to have

Barnett and other writers use the term 'toggled' to refer to the action of the binder line by
which the gaff hook is attached to the shaft.

*%% Kroeber wrote extensive footnotes in Elmendorf:1960 comparing fishing methods. He seemed to
find it very difficult to believe that a detachable gaff hook was an efficient device for
taking salmon, and expressed his surprise at Elmendorf's careful description of the gaff
used by the Twana. Again in Kroeber & Barrett:1960:82 he questions the practicality of
gaffing, this time with reference to the Tolowa data collected by Hewes: ''we have no idea
how the alleged Tolowa salmon gaff could have been used from a canoe."

- 66T -
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List of References for Salmon Technology Complex 6 - Gill Nets
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Ethnic Division Source Reference Notes

Tlingit Krause:1956 neg
delLaguna:1960, 1972 neg
Drucker:1950 neg
Niblack:1890 neg
Oberg:1973 neg

Haida Dawson:1880 neg
Drucker:1950 ‘ neg Massett people obtained nets from Nass in recent times
Murdock:1934, 1936 neg
Swanton:1905 neg

Tsimshian Boas:1916:397 aff _ _
Drucker:1950:169,239 aff (Kitqata at Hartley Bay, Tsimshian—-Gilutsa; Nishga)*
MacDonald & Inglis:1976: aff

46,51

Northern Kwakiutl Drucker:1950:169,239 neg

Bella Coola Drucker:1950:169 neg
McIlwraith:1948 neg =
Mackenzie:1970 neg

Southern Kwakiutl Boas:1909 neg
Drucker:1950:169 neg

Nootka Drucker:1950:169,239 aff (Hupachisat,Tsishaat, Clayoquot)#
Drucker:1951:23 neg
Koppert:1930:68 neg
Sproat:1868:221 neg no nets were used for salmon fishing
Sapir & Swadesh:1955:30 aff net set vertically
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sEthnic Division Source Reference. Notes ' Gill Nets -2
Makah Colson:1953:37,43 aff in autumn ﬁhny gather set nets for salmon Hoko R.
Croes:1980:311 aff archaeol. evidence: Hoko R. (chum salmon)
Gibbs:1877 neg ' :
Gunther:1927:215 neg Makah depended wholly on trolling, no streams of
any size
Singh:1966:38-39 aff Makah caught more salmon with hooks than nets
Swan:1870 neg
N.Gulf Salish Barnett:1939§230 neg
Barnett:1955:86 neg not aboriginal
Halkomelem Barnett:1939:230 aff (Cowichan). (Nanaimo-neg.)
Dally n.d. neg
Duff:1952:63 aff Fraser R. :
Hill-Tout:1907 neg o
Suttles:1951:138 aff Fraser R. T‘
Suttles:1955:22 aff (Katzie) for salmon but mainly a sturgeon fishing
method; only wealthy person could obtain valuable nets
Straits Barnett:1939:230 aff (E.Saanich). (W.Saanich-neg.)
Gunther:1927:198-201 aff (Clallam) used where salmon follow the herring in near
shore; chinook, chum, coho.
Suttles:1951:136-139 aff linguistic evidence; used in salt water by Straits
Lushootseed Collins:1974:46 neg (special) set net with a closed bunt end, shallows
Haeberlin & Gunther:1930 neg
Smith:1940:263-64 . aff
Waterman:1973 neg
Twana Elmendorf:1960:81 neg denied
Quileute Pettitt:1950:7 aff before whites, made of nettle fibre
Singh:1966 aff not as important as dip nets or trawl nets
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Ethnic Division Source Reference Notes Gill Nets -3
Quinault Olson:1936 neg denied
Singh:1966 neg
Lower Chinook Cox:1831 neg
Franchere:1854 neg
Ray:1938, 1942 neg
Swan:1857 neg
Wishram Spier & Sapir:1930 neg
Tillamook Barnett:1937 aff
Sauter & Johnson:1974:57 aff gill nets aboriginal, widely used in narrow rivers :
of Tillamook Bay. E
Oregon Coast Barnett:1937 neg 1
Drucker:1939 aff (Alsea)
Tolowa Barnett:1937 aff
Drucker:1937:233 aff
Driver:1939:312 aff
Hewes:1947:88 aff 1940 field notes: aff
Yurok Driver:1939:312 aff
Kroeber & Barrett:1960: aff both coastal and riverine groups; Hewes 1940 field
50~52 notes also quoted: aff
Kroeber:1925:84-85 aff
Elmendorf:1960:81 aff Kroeber footnotes in Elmendorf: Yurok aff
Karok Kroeber & Barrett:1960: aff

50-52,155
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Ethnic Division - Source Reference Notes Gill Nets -4

Hupa Driver:1939:312 . aff
Goddard:1903:24 aff
Kroeber & Barrett:1960: aff

50-52, 155
Wiyot Driver:1939:312 aff
Kroeber & Barrett:1960: aff

50-52, 155

'*Gill nets were used by Nishga to fish through the ice; Haida and Hartley Bay-Tsimshian (Kitqata) stated
they obtained gill nets ready-made from the people of the Nass.(Drucker:1950:239). In addition,
Drucker assumed his Nootka informants had erred or were referring to recent useages because
of Sproat's widely circulated comment that nets were not used in the area for salmon fishing. (ibid).
It is probable that Sproat intended simply to emphasize the significance of traps,trolling, and
harpoons, the three principal technologies.

- 6SC -
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List of References for Salmon Technology Complex 7 - Tidal Traps
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Ethnic Division Source Reference Notes

Tlingit Krause:1956(1885) neg
deLaguna:1960:69,116 aff (Angoon) stone weirs, salmon trapped falling tide
delaguna:1972:387 aff (Yakutat)
Drucker:1950:166 aff (Cape Fox)
Oberg:1973 neg

Haida Dawson:1880 neg
Drucker:1950:166 aff
Langdon:1980 aff (pers.comm.)
Murdock:1936 neg
Swanton:1905 neg

Tsimshian Boas:1916:400 {aff) from the myths, evidence tidal traps for seals(?)
Drucker:1950:166 aff (Hartley Bay-Kitqata; Gilutsa-Tsimshian)
‘Sapir:1915 neg "people of the traps" name of group near the mouth

of the Nass R.

Northern Kwakiutl Drucker:1950:166 aff )
Olson:1955:320-22 aff Bella Bella stone fish weirs(incl.one built by women)
Pomeroy:1976 aff *

Bella Coola Drucker:1950:166 aff
Mackenzie:1970(1793) neg
McIlwraith:1948:13,118, aff

221,226

Southern Kwakiutl Boas:1909:465 aff single and multiple wings illustrated
Drucker:1950:166 aff (Koskimo; Kwexa, Nimkish R. (sic))

Nootka Cook:1784 . neg
Drucker:1950:166,236 aff
Drucker:1951:16,17,259 aff
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Ethnic Division - Source Reference Notes Tidal Traps -2
Nootka contd. Jewitt:1967:1815 neg
Sapir & Swadesh:1955 neg
Sproat:1868 neg
Makah Colson:1953 neg
Singh:1966 neg
Swan:1857 neg
N.Gulf Salish Barnett:1939:229 aff
Barnett:1955 aff incl.tidal fence trap
Halkomelem Barnett:1939:229 aff (Cowichan) (Nanaimo-neg;)
Hill-Tout:1907 neg
Suttles:1962 neg
Straits Barnett:1939:229 aff (W.Saanich)
Gunther:1927 neg
Suttles:1951 neg
Lushootseed Collins:1969 neg
Haeberlin & Gurnther:1930 neg
Smith:1940 neg
Waterman:1973 neg
Twana 'Elmendorf:1960:57,76 neg occasional use for seals but obviously not important
salmon technology (cf p.57363); also used for
herring and other salt water fish.
Quileute Pettitt:1950 neg
- Singh:1966 neg
Quinault Olson:1936 neg
Singh:1966 neg

- 192 -
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Ethnic Division Source Reference Notes . Tidal Traps -3
Lower Chinook Ray:1938 neg
Ray:1942:114 neg denied
Swan:1857 neg
Upper Chinook 0 -
Tillamook Barnett:1937 neg
Sauter & Johnson:1974 aff archeol. evid.
Oregon Coast Barnett:1937 neg
Drucker:1939 neg
Leatherman & Kreiger:1940 neg
Tolowa Barnett:1937 neg
Drucker :1937 neg
Yurok Kroeber & Barrett:1960 neg
Karok 0
Hupa 0
Wiyot Kroeber & Barrett:1960:22 (aff) (special) quote from Hewes field notes; trap set

in 7 to 8 ft deep stream or tidal slough for
chinook which were carried down along with ebbing
tide; net at opening in fence-like obstruction.
(i.e., does not strand the fish.)

- 29¢ -
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Ethnic Division Source Reference Notes
Tlingit Krause:1956(1885) neg reports traps
deLaguna:1972:384 aff . small streams blocked
Drucker:1950:167 aff (Cape Fox; Chilkat), both vertical & oblique stakes.
Knapp & Childe:1896:90 aff double weir + dip net, harpoon
Oberg:1973:9,62 aff sporadically built
Haida Dawson:1880:109-110 aff small streams
Drucker:1950:30 aff simple row of vertical stakes lashed to horlzontal
_ poles tied to bank
Murdock:1936:224 aff (source:Niblack); shallow,double weir + spear, d1p net
Niblack:1888:294 aff (source:Swan) jupstream weirs + spear, dip net '
Tsimshian Boas:1916 ‘ aff
Barbeau:1930:147 aff. ' salmon 'fences'
Drucker:1950:167 aff (Hartley Bay;Gilutsa -oblique) (Gitksan -vertical)
MacDonald & Inglis:1976 aff
Northern Kwakiutl Drucker:1950:167 aff (Bella Bella, Heiltsuk) )
Bella Coola Drucker:1950:167 aff ‘
Mackenzie:1970:361-64, (aff) affirmed by inference that not all people had the
: 371-72 large Bella Coola River Dam
McIlwraith:1948:9,118,135, aff : '
226,610
Southern Kwakiutl Boas:1909 neg
Boas:1921:238 _ aff sockeye caught in salmon weirs (no description)
Boas:1966 (aff) . Codere's summary reference appears to be general

for the central Northwest Coast
Drucker:1950 aff vertical stakes (Koskimo; Kwexa, Nimkish R.(sic))
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Ethnic Division Source Reference Notes Weirs -2
Nootka Cook:1784 neg
Drucker:1950:167 neg (did not collect the information)
Drucker:1951:250 (aff) inherited rights to put a weir in a certain place
Koppert:1930 neg
Jewitt:1967(1815) neg
Sapir & Swadesh:1955 neg-
Sproat:1868 neg
Makah Colson:1953:33 neg
Croes:1980. aff archaeol.evidence: Hoko R. lattice work recovered
Gibbs:1877 neg fall salmon fishing not important
Singh:1966:37-38 aff Ozette R. had 3 - 4 weirs for sockeye May-June
Swan:1870 neg ’ '
N.Gulf Salish Barnett:1939:229 aff (Sechelt,Squamish,Homalco,Slaiamyn)
Barnett:1955:79-81 aff
Halkomelem Barnett:1939:229 aff (Cowichan,Nanaimo) Cowichan also trap door,square
' enclosure,upright stakes,removable lattice,scaffold.
Barnett:1955:22,79-81 aff Nanaimo R. had one weir; Cowichan R. had series
Dally:n.d. aff (photos) widely reproduced photos Cowichan weirs
Duff:1952:140 aff Chilliwack R. : -~
Hill-Tout:1907:90 aff
Jenness:1955 neg
Suttles:1955:23 aff (Katzie)fall fishing;built by head men on family
streams, eg. Aloutte R. '
Straits Barnett:1939:229 aff (W.Saanich)
Barnett:1955:22-23,79-83  aff
Gunther:1927:199-200 aff (Clallam)most important method; weir,platform,pen
or'pocket' + gaff,spear;also double weir (p.201)
Suttles:1951:142,145-151 aff fall fishing; weir,platform,pen. Not used by
Straits people living on Vancouver Island.
Twana Elmendorf:1960:63-73 aff communal weir, platforms, dipping net(good descr'n)
Waterman:1973:63 aff compares this to Kepel Dam type
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* Ethnic Division

Source Reference

Notes ’ Weirs -3

Lushootseed.

Quileute

Quinault

Lower Chinook

Wishram

Tillamook

Oregon Coast

Tolowa

Collins:1974:47

aff

Haeberlin & Gunther:1930: Taff

27
Smith:1940:258-262
Waterman:1973:64-65

Pettitt:1950:7
Singh:1966:37-38

0lson:1936:26-29
Singh:1966:37-38
Swan:1857:264
Gibbs:1877:195

Ray:1942:10431938:108-09
Swan:1857

Spier & Sapir:1930:177

Barnett:1937:163,193
Sauter & Johnson:1974

Barnett:1937:163
Drucker:1939:82-83
Barnett:1937:163,193
Drucker:1937:232

Kroeber & Barrett:1960
151-52

aff
aff

aff
aff

aff

aff

aff

aff

aff
neg

neg

aff
aff

aff
aff
aff

aff
aff

on tributaries but not on Skagit R.

Fig.II'Salmon Trap' is weir; tripod construction,
platforms + dipping net. Native terms.

fish'trap' is weir;(good description);native terms
type in Puget Sound analogous to Kepel Dam

most productive technology; platforms,dipping net
platforms,dipping net; spring run of sockeye; (good
description).

obtain their salmon principally by means of weirs

~ which they 'build with a great deal of skill

"On some ofvthe rivers where the depth permits,
weirs are built to stop .their ascent." (chinook)
dams and weirs + dip net and spears

use the term'weir'to describe small stream trap

communal salmon weir
description based on pioneer diary by Vaughn

(Alsea, Coos, Siuslaw) weirs with scaffolds for
spearing and netting
(Alsea) on the main river or side streams

communal salmon weir
weirs at small streams, fall fishing
Map 4; Map 9 - weirs with platforms

- §9C -
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Yurok Kroeber & Barrett:1960 aff Kepel Dam most elaborate
11-18
Waterman & Kroeber:1938 aff
Karok Kroeber & Barrett:1960 aff on Klamath R. or Salmon R. 6 locations identified:
20-21 4 weirs on Klamath, 2 on Salmon.
Hupa Goddard:1903:24 aff " built at 1 of 2 locations in alternate years
' (good description)
Hewes: (field notes:1940) aff quoted in Kroeber & Barrett
Kroeber & Barrett:1960 aff photographs incl. in Appendix
18-20
Wiyot Hewes:1947 ‘A aff Wiyot'weirs simpler in construction (than other

Northwestern Calif.); depths of 4 ft; dip net
Kroeber & Barrett:1960 aff
22-23

- 99¢ -
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List of References for Salmon Technology Complex 9 — Traps I

Ethnic Division Source Reference Notes
Tlingit Krause:1956:121 aff "most common is the salmon trap';fence with basketry
traps .
deLaguna:1960:43,115-16 aff (Angoon) tumble-back; sockeye,coho; grid trap;
(funnel trap, i.e.,cylindrical basketry:Chilkat):::l
deLaguna:1972:387 aff (Yakutat) cylindrical and V-shaped
LaPerouse:1799:Vol.I aff quoted in deLaguna:1972:387 re Yakutat:...by staking
Fomons : 1903 : 242 aff the rivers across for salmon; fence + basket traps
Drucker:1950:166,236 aff
Oberg:1973:9 aff
Haida Curtis:1916:187(Vol.1ll) aff dam at falls + tumble-back trap
Dawson:1880:145 . aff cylindrical; tumble-back
Drucker :1950:166-67 aff for coho (Massett)
Murdock:1936 aff
Niblack:1890:294 aff
Tsimshian Barbeau:1930:147 aff trap salmon in fish fences and baskets
Boas:1916:400 aff
Drucker :1950 aff
MacDonald & Inglis:1976 aff basket traps
MacDonald,J. (n.d.) aff field notes: very large traps used at night during
month of half-moon upside down (Kitsumkalum)
Sapir:1915 (aff) "people of the (fish) traps", a named group
Northern Kwakiutl Drucker:1950:166-67 aff
Olson:1940:199 aff conical basketry. traps for chinook, coho(Haisla)

Olson:1954

neg

- L9C -
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‘Ethnic Division Source Reference Notes Traps I -2

Bella Coola Drucker:1950:166,236 aff - ecylindrical river trap, funnel entry
Mackenzie:1970:371-72 neg
McIlwraith:1948:603 neg

Southern Kwakiutl Barnett:1939:230 neg . no information obtained
Boas:1909:461-465 aff extensive description; several illustrations
Drucker:1950:166-67,236 aff cylindrical river trap for chum salmon; others

Nootka Cook:1778 (pub.1784) aff "wears"=traps made of basketry (cf Oxford English

Dictionary 1933 edn.) Cook:20 ft x 12" wickerwork
Drucker:1951:16-18 aff
Jewitt:1967:46-47,87 aff "pots or wears''=traps 20 ft long cylindrical basket
Koppert:1930:72,78-79 aff - ' (Clayoquot) (good description)
Sapir & Swadesh:1955:42 aff
Sproat:1868:222-23 aff series of cylindrical baskets set on stone wall
(good description)
Makah ~.Colson:1953 neg
: Croes:1980:311 aff Hoko R. archaeol. evidence for traps

Singh:1966 neg '
Swan:1857 neg

N.Gulf Salish Barnett:1939:230 aff
Barnett:1955:81-82 aff ‘diagram: grid trap

Halkomelem Barnett:1939:230 aff (Nanaimo -fall-back trap;Cowichan -cylindrical trap)
Duff:1952:67 aff
Hill-Tout:1907:91 aff in tributary streams
Jenness:1955 neg

Suttles: 1955 neg
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APPENDIX I: TABLE XVIII Contd.

" Ethnic Division Source Reference Notes Traps I -3
Straits Barnett:1939:230 aff (E.Saanich) basketry trap
Gunther:1927:198-201 aff every creek has at least one trap; chum salmon
"Suttles:1951:151 aff (Samish) fall fishing; basketry trap
Lushootseed- Collins:1974:317 aff basketry trap at Nookachamps Creek (L.Skagit)
Smith:1940:257-58 aff basketry traps (''weirs'') narrow streams,anchored;
grid trap, large; falls trap.
Suttles:1951:151 aff (Upper Skagit) conical basket trap, funnel mouth
Waterman:1973:65 aff
Twana Elmendorf:1960:75 aff basketry traps
Quileute Pettitt:1950 neg (uses term 'trap' for weir)
Quinault Olson:1936 neg
Singh:1966 neg
Lower Chinook Ray:1938:108 neg
Ray:1942:104~-05,231 aff
Swan: 1857 neg
Wishram Spier>& Sapir:1930:177 aff cylindrical basket, funnel mouth; grid below riffles
Tillamook Barnett:1937:164,195 aff
Sauter & Johnson:1974 aff
Oregon Coast Barnett:1937:164 aff (Siuslaw, Alsea)
Drucker:1939:82-83 aff (Alsea)
Frachtenberg:1920:233 aff (Alsea) traps:small rivers best;'"...builds a fish

trap" (salmon).
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"APPENDIX I: TABLE XVIII Contd.

- Ethnic Division Source Reference Notes ' Traps I -4
Tolowa Kroeber & Barrett:1960 aff cylindrical basketry traps; trough-like traps
67,157
Yurok Kroeber & Barrett:1960 aff (Coastal Yurok) corral built on Little R.estuary
23,67,157 to meet special conditions; co-operative labour;
Fig.26 trough trap, (general.) No cylindrical
traps. .
Karok Kroeber & Barrett:1960 aff box-1ike trap quoted from Hewes:1947; trough trap;
67,157 ‘No cylindrical basketry traps.
Hupa Goddard:1903:25 aff grid trap
Kroeber & Barrett:1960 aff box~1like trap quoted from Hewes:1947; trough trap
67,157 to strand fish; No cylindrical traps.
Wiyot Kroeber & Barrett:1960 aff trough trap; No cylindrical traps.

67,157
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APPENDIX I: TABLE XIX

List of References for Salmon Technology Complex 10 - Traps II

Ethnic Division Source Reference Notes
Tlingit deLaguna:1972:386 . aff large box trap 25 ft x 75 ft, catwalk
: Drucker:1950:166=67,236-7 aff o (Northern large river trap) trait list #15-19
(Cape Fox) .
Haida Dawson:1880 neg
Curtis:1916 neg
Murdock:1934,1936 neg
Drucker:1950:166-67,236-7 aff (Large river trap) (Haida Massett; Haida Skidegate)
Tsimshian ’ Barbeau:1930:144 aff Hagwilget canyon trap (photos), description(Gitksan)
Drucker:1950:166-67,236-7 aff ‘ (Northern large river trap) (Hartley Bay) -
~J
Northern Kwakiutl Drucker:1950:166-67,236-7 aff (Northern large river trap) (Haisla, Kitamat; Wikeno, =
. Rivers Inlet) '
Olson:1954:213-14 (aff) Wannock R.,4 miles long,drains Owikeno L.into Rivers

Inlet;very large sockeye runs early falljtides in
lower river;Olson:'"'Only the upper river suitable for
the salmon traps." '

Bella Coola Drucker:1950:166-67,236-7 aff (Northern large river trap) (Bella Coola)River Dam).
M%ckénzie:1970:361—64,371 aff Bella Coola River Dam - full description
McIlwraith:1948:135,603, aff Bella Coola River Dam

610

ALL OTHER NORTHWEST.COAST.DIVISIONS neg




" APPENDIX I: TABLE XX

List“of References for Salmon Technology Complex 11 - Dip Net Stations

Ethnic Division Source Reference Notes
Tlingit Krause:1956(1885) neg
delLaguna:1960, 1972 neg .
Drucker:1950:169,239 aff (Chilkat) dip net on Y-frame, handle 2 -3 fathoms,
net can be closed; used by Klukwan (26 miles upstream
on Chilkat R.)
other sources: neg no mention
Haida all sources: neg no mention
Tsimshian Boas:1916:400 (aff) from the myths
Drucker:1950:169,239 aff (Hartley Bay; Gitksan) dip nets used for salmon I
from scaffold built over eddy; (Gilutsa -no scaffold).l]
other sources: neg. no mention N
: I
Northern Kwakiutl Drucker:1950 neg not enough information
others neg no information
Bella Coola Drucker:1950 neg not enough information
Mackenzie:1970(1793) neg mentioned only in connection with Bella Coola Dam
McIlwraith:1948 neg
Nootka all sources neg
Makah all sources neg

N.Gulf Salish

Southern Kwakiutl

Barnett:1939:229-30,280

all sources

(neg)

neg

traits (Squamish data could be interpreted as affirma-
tive but insufficient information)



APPENDIX I: TABLE XX Contd.

Ethnic Division Source Reference Notes Dip Net Stations -2
Halkomelem Boas:1894 neg
Dally,F. (n.d.) aff (photos) B.C.Provincial Archives letters c.1852-1867.
Duff:1952:62-63 aff (Upper Stalo Tait)Fraser canyon dip net stations '
(good description) '
Fraser:1960:101(1808) aff observed fishermen dipnetting from stagings in Fraser
canyon above Hope, June 29, 1808; 20 ft shafts on nets
Hill-Tout:1907:91 aff .(Upper Halkomelem) stagings over muddy water in canyon,
salmon 'hug the bank'to get out of downward rush of
the current. ’
Straits all sources neg
Lushootseed all sources neg N
N
Twana all sources neg 3
1
Quileute all sources neg
Quinault Olson:1936:31-33 aff (Lower River:special adaptation) Fig.5
Lower Chinook Gibbs:1877:195 aff at the rapids for chinooks (may mean Upper Chinook)
Ray:1938:109 aff (Lower River:special adaptation)channels dug near shore
Wishram Gibbs:1877:195 aff chinook salmon at the Dalles
Lewis & Clark:1905(1805) aff Oct.1805 and April 1806 at Celio Falls, the Dalles%*
Spier & Sapir:1930:175 aff stagings built in the Columbia canyon for dip nets
. (good description)
Tillamook Barnett:1937:164,195 (neg) insufficient information -
Oregon Coast Barnett:1937:164,195 (neg) insufficient information



APPENDIX I: TABLE XX Contd.

Ethnic Division

Source Reference

Notes Dip Net Stations -3

Tolowa

Yurok

Karok

Hupa

Wiyot

Barnett:1937:164
Drucker:1937
Kroeber & Barrett:1960:154

Kroeber & Barrett:1960:
153-54

Kroeber & Barrett:1960:

Kroeber & Barrett:1960:
153-54

Goddard:1903:23

Curtis:1924 (vol.13)

K;oebef & Barrett:1960

neg
neg
aff

aff

aff

aff

aff

aff

aff

A-frame lifting net used without platforms/stagings
A-frame lifting net stations on Klamath; Plunge nets;
(Coastal Yurok, no platforms). (Good description)
A-frame lifting net stations; Plunge nets. (photos):
1902 photograph Little Ike with Plunge net at Ishi
Pishi Falls. ' '

A-frame lifting net stations; Plunge nets

quoted in Kroeber & Barrett:1960

A-frame lifting net

* .
Lewis & Clark reported in detail the method of drying 'salmon and preparing
bundles to be transported.
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APPENDIX I: TABLE XXI

List of References for Salmon Technology Complex 12 - Reef Nets

Ethnic Division Source Reference Notes

Straits Barnett:1939:230 aff ,
Boas:1890:568-69 aff Fig.9 Seasonal village plan for Reef Net fishery
Gunther:1927:199-201 neg (Clallam)*
Hill-Tout:1907:90 ' aff Island tribes
Stern:1934:43-46 aff (Lummi) crews of ten men (good description)
Suttles:1951:152-222 aff Suttles extensive investigation indicated only Straits

(inclusive) people had Reef Net locations (gooq description).
ALL OTHER NORTHWEST COAST GROUPS neg

- 4/T -

*Clallam people who settled at Sooke owned locétions; those who
remained on the southern side of the Juan de Fuca Strait did not,
according to Suttles:1951:192,
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Reference Codes - Distribution Maps

Ethnic Divisions Reference Indicator
1 Tlingit 1TL
2 Haida 2HA
3 Tsimshian 3TS
4 Northern Kwakiutl 4NK
5 Bella Coola 5BC
6 Southern Kwakiutl 6SK
7 West Coast-Nootka 7NU
8 Makah 8MA
9 North Gulf Salish 9NS

10 Halkomelem Salish 10HS
11 Straits Salish 11SS
12 Lushootseed 121U
13 Twana 13TW
14 Quileute 14QT
15 Quinault 15QN
16 Lower Chinook 16LC
17 Upper Chinook 170C
18 Tillamook 18TI
19 Oregon Coast 190C
20 Tolowa 20TO
21 Yurok 21YU
22 Karok 22KA
23 Hupa 23HU
24 Wiyot 24W1
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APPENDIX ITI

Index of Salmon Abundance

Introduction

Pacific salmon populations supported by the water resources in
each of five sub-regions of the Northwest Coast culture area are
indicated in an Index of Salmon Abundance (Table XXVI). The base data
is derived from estimates of spawping populations obtained by the
International North Pacific Fisheries Commission (Bulletin 23:1967).

In the study, Aro and Shepard (Appendix A:pp 273-325) estimate spawning
populations in British Columbia streams, by species, for a twelve year
period (1951-1963). From this data I prepared a frequency distribution
(Table XXIII). Linear regression techniques were used to determine
average escapement values for each salmon species (cf Tables XXIV and
XXV). The statistical results were then applied to data on United

States spawning streams reported in Atkinson, Rose, and Duncan.(ibid:
Maps, figures 2-53;pp 77-128). Differences in species characteristics
were considered in order to determine what percentage of United States
streams supported spawning populations of 'major' stocks (Aro & Shepard:
pp 273-74 define average escapement categories used by fieldworkers).
Spawning populations in United States streams are reported in Atkinson,
et:ral, only where escapement exceeds 50,000 spawners. The Index of Salmon
Abundance in this present study is a preliminary indication and comparison
of potential salmon resources available in the Northwest Coast culture

area.
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Freduency distribution for spawning populations of
salmon species in British Columbia streams which
support 'major' stocks.

Escapement Pink

(000) Sockeye odd even Chum Coho Chinook

1 0 0 2 0 4 43

1-2 1 4 0 0 41 23

2-5 18 9 1 14 84 16

5-10 15 6 2 38 25 7

10-20 11 9 18 29 7 6

20-50 10 20 33 26 7 0

50-100 7 5 9 1 0 0

100 1 9. 4 1 0 0

Table entries are the number of streams.
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.o . 1
Statistical evidence

Table XXIII reports the frequency distribution for salmon
species in British Columbia streams. It appears likely that an exponential
distribution would describe the relationship between salmon and the magnitude

of escapement. But first it must be known if there are differences between

species.
TABLE XXIV
Statistical differences between species
Pink ' ,
Moments Sockeye Chum Coho Chinook
_ odd even

Mean (x) 7.88 8.75 8.63 13.63 21.00 11.88
Standard 6.81 4.95 11.49 15.46 29.15 15.08
Deviation

Coefficient of 0.87 0.57 1.33 1.14 1.39 1.27
Variation

Chi-square

The table has 35 degrees of freedom. The Pearson chi-square is
518.67; the liklihood ratio chi-square is 510.06. The variables 'species'

and 'escapement' are not independent.

1I am grateful to Dr. Braxton Alfred for doing the statistical
analysis of my data.
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Exponential curve fitting

The functional form is assumed to be

v =k* e —(beta) (x)

where 'y' is the table entry and 'x' the escapement. The transformation
In y = K - (beta) (x)

allows linear regression’techniques to be used. In order to avoid taking

log of 0, the constant 0.5 was added to all cells,
TABLE XXV

Results of Linear Regression Analysis

Species F regression ’ R

Sockeye 0.59 (NS) 0.30
Pink - odd 0.53 (NS) 0.28
Pink - even 4.12 (0.09) 0.64
Chum | 0.33 (NS) 0.23
Coho ' 5.99 (0.05) 0.71
Chinook | 61.75 (0.0) - 0.96

Note: The regression constant for Coho is 4.41 (0.01) and the regression
~coefficient is -0.55(0.05). For Chinook, the regression constant is
4.72 (0.0) and the coefficient -0.73(0.0).
Conclusions

Note that this functional form fits the observations én Coho and
Chinook only. Untransformed linear regressions were done with the same

qualitative result,



APPENDIX II: TABLE XXVI

Index of Salmon Abundance - Northwest Coast Culture Area
Regional Division Sockeye Pink Chum Coho Chinook
Odds Evens
Northern 1111 - 1212 ] 3349 - 3481 836 1576 - 1756 189 - 324 41 - 63
Wakashan 390 - 881 565 - 1083 1178 - 2556 504 - 1099 271 - 610 64 - 131
i
3
Salishan 634 -~ 2278 1898 - 2161 92 - 205 703 - 1200 326 - 548 90 - 173 =
!
Columbian 297 - - 303 232 326
Southern nil nil nil nil 6 56
Table entries indicate spawning populations in thousands.




~ 282 -

Explanatory notes to accompany Table XXVI

1 Spawning populations for Canadian streams are derived from Aro &
Shepard:1967. Named streams in each ethnic division were identi-
fied and counted. The range of average escapement for each
salmon species accounts for the upper and lower values indicated
in the recap totals.

2 Spawning populations for United States streams are derived by
calculating the number of spawning streams for each species
reported in Atkinson, et al, (1967) that correlate to Northwest
Coast ethnographic locations. No range of average escapement
has been introduced into the results.

3 Atkinson, et al, indicate abundance in salmon streams supporting over
50,000 spawners. Unreported estimates for. smaller spawning
populations have been compensated by the following procedure:
statistical averages for escapement values by species were
applied to a percentage of the spawning streams identified
in maps of U.S. streams.

4 Characteristics of spawning populations are reported (INPFC:1967) as

follows:
Chum and Coho widely distributed
'~ production spread over moderate sized systems
Pinks widely distributed
‘ relatively few areas support most runs

(i.e., production concentrated)
Chinook spawn in few streams

production concentrated

small spawning populations
Sockeye spawn in few streams (i.e., enter few river

systems)
production concentrated
very large spawning populations

5 Percentages used to calculate number of spawning locations that support
'major' stocks of each species: chum and coho - 35%; pinks - 20%;
chinook - 50%; sockeye - 407%. While these may be high in some:areas
(eg. Alaskan archipelago) lower percentages would have skewed the
"results in the Columbian and Southern areas.

6 The quadrennial dominance of sockeye salmon in the Fraser system is not
shown. Lower and upper values indicated represent years of least
and greatest abundance respectively. For reconstruction of Fraser
stocks available to native populations in this period (early to
mid-nineteenth century) Kew (1976) and Berringer (1976) is more
accurate,
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APPENDIX III

Comparison of Resource Areas’

To test the proposition that weirs would have been constructed
on rivers ;hat could yield high returns_(given: that appropriate'watef
features Wwere present), whereas, traps would be the main salmon technology
complex in areas with smaller runs, 1 compared statistical evidence
from ethnographic groups known to have relied principally on weir
technology with those known to use traps. Oﬁr best ethnographic example
of societies with communal wéirs includes the Halkomelem (Cowichan), the
Twana, and the Quinault, peoplés whose language family is Salishan.

The best evidence of trap use is the Wakashan material, specifically
Nootka. Informants claim that traps were used in every stream on the
west coast of Vancouver Island; mno large Weirs are reported there.

Using figures obtaiﬁéd by INPFC:1967 and the calculations
previously described in Appendix 11, the following results were achieved.
Tables XXVII and XXVIII indicate the Index of Abundance values for |
salmon run- (by species) in each of the'Cowichan, Skokomish and Quinault
Rivers. Table XXVIII shows that the total salmon-resource in these

rivers is considerably above average for one or more species. The

Cowichan has three species of salmon, each of which exceeds the mean
average by a significant proportion. The Skokomish and Quinault Rivers
indicate similar values. An "escapement value" of over 50,000 chum

salmon enter the Skokomish (Hood Canal) area; chinook and coho are
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not estimated by INPFC. 1In the Quinault River the abundant sockeye
runs produce escapement figures in excess of 50,000, considerably
above the 7.88 x.

In contrast, the west coast of Vancouver Island streams have
more runs of average size. Table XXIX indicates how diffused the
resource is throughout the area. For example, chum salmon run in 183
west coast streams, only 15 in considerable numbers. An examination
of these fifteen streams shows that they all are within average ranges
for escapement values of chﬁm salmon for the whole British Columbia
region. Table XXX: Clayoquot Sound salmon streams, is given as an
-example of the other five sub-areas. The spawning populations of each
'major' stream are indicated.

While these are only preliminary tests, they appear to support
the proposition that where the resource is widely distributed within an
-area, given that stream conditions permit, traps will be more efficient
salmon technology complexes than weirs. The opposite is equally true:
where the resource is concentrated, as in an important salmon stream
with runs that far exceed 'average', then, the construction of weirs,
the necessaryborganization of labour effort, and the intensive fishery

at the weir during the run, are repaid by high production yields.
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APPENDIX III: TABLE XXVII

Spawning populations in the Cowichan,

Skokomish, and Quinault Rivers

(no estimate)

Species . Cowichan Quinault Skokomish
Sockeye nil > 50,000 nil
Pink - odd nil nil nil
- even nil nil nil
Chum occasional:
> 100,000 ‘ yes 1 > 50,000
average: -(no estimate)
20,000-50,000
Coho 20,000-50,000 yes ves
(no estimate) (no estimate)
Chinook 5,000-10,000 yes

yes
(no estimate)

'lAtkinson,

et al:1967
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APPENDIX I1T: TABLE XXVIII

Index of Abundance values for Cowichan, Quinault,
and Skokomish River.

Species Spawning Stream Spawning Population Statistical
(000) Average
Sockeye Quinault > 50 7.88 x
Chum Cowichan 2100 (occasional)
20 - 50 13.63 x
Chum Skokomish > 50 13.63 x
Coho Cowichan 20 - 50 0.71 mult-R
Chinook Cowichan 5-10 0.96 mult-R
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APPENDIX III: TABLE XXIX

Spawning populations in West Coast
Rivers of Vancouver Island

Species Barkley Clayoquot Nootka Kyuquot Quatsino
. Sound Sound ) Sound Sound Sound
Sockeye nil 22 - 45 nil nil 2 -5
“)*® (1)
Pink-even insignif. few © few few 30-70
_ (2)
-odd nil nil nil nil nil
Chum 65 - 160 20 - 40 25 - 50 15 - 30 nil
(4) (3) (4) (3)
Coho 29 - 70 10 - 24 4 -9 6 - 13 17 - 37
' (4) (6) (3) (5) (10)
Chinook 6.8-13.5 3.3-6.5 2.8-5.5 . 3.8-8.5 2 -5
(4) (6) (4) (%) (1)

a . . .
number of streams to support 'major' stocks is shown in brackets.

Table entries indicate spawning population in thousands.
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APPENDIX III: TABLE XXX

Index of Abundance Vélues for

West Coast Rivers - Vancouver Island:

Clayoquot Sound Streams

Species Distribution of Statistical
Spawning Population Average
(000)
Sockeye 2 -5 . 7.88 x
5-10
10 - 20
5-10
(tot. 22 - 45)
Chum 5-10 13.63 xuiueit
5-10 '
10 - 20
(tot. 20 - 40)
Coho 2 - 5 .71 mult-R
1 -2
1 -2
2 -5
2 -5
2-5
(tot. 10 = 24)
Chinook 5-1 .96 mult-R
' .3 - .5
.5 -1,
1. - 2.
.5 - 1.
.5 - 1.

(tot.3.3 - 6.5)




