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INTRODUCTION

The relationship 'of Man to his environment involves problems of greut
significance in the study of culturee Much progress has been made in work-
ing out some of these complex, often subtle adjustmentse Still, as with
most bodies of knowledge, many questions remain that are unanswerede.

~Aboriginal California was characterized by a hunting and gathering
type of culturee Within this area cbrtain distinctions may be made, howe
ever, with reference to the kinds of foods upon which the people mainly
subsisteds Among the many plant foods eaten, the acorn was the most im-
portant over a large part of the -state. Documentation of the use of this
distinotly aboriginal California.food has been well summarized by Ee Wo
Gifford (1) The Indians also consumed a great variey of animals—but few
of these actually served as staple supplies of meate Outstanding as a
source of animal protein in muoh of Cal ifornia were the salmon which
periodically ascended the great river systems of the state in enormous
numbers to spawne Substantial quantities of other types of fish were
procured from the ocean--especinlly by the Indians of the Santa Barbara
Channel, who fished from plank canocesj and by the natives of northwest- .
ern California, who caught and dried surf fish (2)s In the latter area,
where sea-going canoes of a different type were used, the taking of sea-
memmals also provided more than an occasional meal of meate
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Shellfish formed another most impertent source of animal protein (3),
This was partiocularly true along the ocoast, although mertain inland
bodies of water held molluscen faune in sufficient numbers to be gathered
profitebly for foods The study presented herein is an attempt to assess
the impertance of shellfish in the diet of the Indians of California,
and to analyze some of the ocultural factors involved.

" Acknowledgement for aid in identifying shellfish species is made to
Professors E« We Gifford and Je Wyatt Durham af the University of Califor=
nia, and to Messrse Allyn Ce Smith and Leo G. Hertlein and their associates
at the California Academy of Sciencess Most of the field work which forme
ed a part of this study was done under the auspices of the University of
California Archaeological Survey (UCAS).

For marine speocies, scientific names of shellfish follow the usage
of Keen (1937) as the first.authority, then Ricketts and €alvin (1948),
and MaocGinitie and MaoGinitie ( 1949). Names for inland species are taken
from Keep and Baily (1947).

The abbreviation UCMA is used to designate the University f Califor-
nia Museum of Anthropologye Numbered site designations are those in UCAS
filese

KINDS AND DISTRIBUTION OF SHELLFISH

Coast

An understanding of the problems of Man in gathering and using-shellw-
figh might be elucidated by a consideration of the broader aspeots of lit-
toral habitat in whioch the animals are founde Two main categeries may be
set up, vizs exposure to wave shock, and type of bottom (4)e In the first
nategory, distinctions can be made between an open mast, a proteeted out-
er coast, or a relatively quiet bay or estuarye The main types of shore
bottom conditions with whioh we will be concerned ares rocky shore, sand
flats and mud flatse Further distinctions can be made eoncerning tidal
horizons, these being segregated into low, middle, and high tide zones.

There 1s a fair correlation between habitat, as outlined here, and
the range of various species of shellfish., This fact is impertant when
dealing with the problem of locating and analyzing aboriginal littoral
sites, as will be discussed below.

Aleng the Californian coast the shellfish mest eaten were various
species of the bivalve molluskse. One exception to this generalization
was the abalone, formerly very abundant at certain places along the coast
southward from Monterey Baye

g
*.
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Open Coast

Of the bivalves, the most important food species was the sea mussel,
Mytilus californianuse The factors accounting for the popularity of
this species are not hard to finde In the first place it is one of the
most numerous mollusks on the coast, boing found attached to rocks on the
open coast, often in such numbers as to form beds acres in extents Occu-
pying the mid-tide zone and swept by the surf, the sea mussel hes a con-
stant, fresh supply of planktonic foode This species ranges also up into
the high-tide zone, but it is less numerous therc and individual specimens
are, on the average, of smaller size (5)e Tho thick beds of large mussels
which have been known to attain a length of nine inches are found on rocks
thet cre exposed only duwring low tide, or on those seldom uncovered by the
watere This latter factor——size-~is the second element accounting for the
popularity of musséls as food by the Indianse Another feature recommend-
ing this particular invertebrate as food is its "meatiness"——that is to
say, it is anatomically composed of a large proportion of musocular and
fibrous constituentse. This, the factors of abundance and size already
mentioned above, and a pleasant taste, help to explain the economic im-
portance of Mytilus californiaonus--since it presented to the coastal dwel-
ler an almost inexhaustible food supply which eould be obtained with a
minimum of effort (6)e

Next in importaonce perhaps, at least along the south-central and
southern California coast, was a large marine snail, the abalone (7)e
Members of this genus inhabit an ecological niche very similar to that
of the species discussed aboveo However, abalonos range dcwn to a depth
of one hundred feet (8)e Quite often they are found, not -on rocks as
. are the mussels, but rather under rock ledges or in crovicese

While Keen recognizes cleven species of Haliotis, only two were of
any great importance to the Indians (9)s These were Haliotis cracherodii
and Haliotis rufoscens (10). : '

Unlike the mussel, which has boen of little commercicl importance
on this coast, the red abidlonc (Haliotis zpfescens) was oxploited almost
to the point of extinction, until rigid laws were passed for its protec-
tione But like Mytilus californianus, it offered to the Indian a plenti-
ful supply of meat which couid be had with a minimum of efforte Far more
than thot of the mussel, the shell of the abalonec was utiligzed for a veri-
ety of utilitarion and ornemental purposas,

. Another open coast specios which attained considorable importance,

. both aboriginally end in later times, is the Pismo clam (Tivela stultorum).
This bivalve ranges from near Halfmoon Bag south to Socorro Island off

the coast of Mexico at the latitude of 18° 46! N (1ll)e It is found slighte=
ly below the surfaco on exposed sandy boaches near the mean low tide mo¥k.
Formorly this clam ocourred in great numbers, especially at Pismo Beach

on the southern San Luis Obispo County coaste Specimens are known to have
reached o longth of over seven inches and a weight of nearly four pounds
(12)s Again the advantages of abundance, sizc, and ease of gathering wore
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found in combination, offering the Indians another importent source of foode

It might be noted that the abalone (especially Haliotis rufescens) and
the sea mussel may often be found near each other in their rocky habitat,
partioularly in the vicinity of Monterey Bay, thus supplementing one another
as food sourcess Such a situation does not occur with the Pismo clam, how-
ever, for it fully dominates its ecological mioche.

While two other forms of bivalves occur in similar habitats along the
Californian ocoast they do not fulfill the criteria necessary.to insure
their popularity as a regular, staple source of foode These are the razor
clam (Siliqua patula) and the bean clem (Donax gouldii)e The former does
answer our requirements on the coast of Oregon and Washington, however (13)e
The latter, though a small species (up to one inch long), was at one time
canned commercially at Long Beach, California (14)s The writer has been
unable to find evidence of this speocies having been used by the Indians
either in pre~historic or recent times.

Of minor importance, but evidently consistently eaten by aboriginal
inhabitants up and down the coast, were various species of limpets, turban
or top shells, and chitons--all of which are found attached to rocks in the
inter-tiddl ‘zones. The largest and most important species of limpet were
Megathura orenulata and Lottia gigantea on the south coast, while various
species of Aomaea, especially Acmaea pelta and Acmaea mitra, are found in
archaeological sites north of San Franciscoe Turban or top shells are re-
presented most often by two species: by Tegula funebrale, a dominant spe-
cies of the high-tide horizon on rocky shores, where it often occurs in
huge colonies; and, further down in the mid-tide horizon, by a closely re=-
lated but less abundant species, Tegula brunneae

Although there are many species of chitons on the west coast, only
two were used as food to any great extent by the Californian Indianse One
of these, Cryptochiton stelleri, popularly called the "gumboot," is the
largest species of chitons known, sometimes reaching a length of thirteen
inoches (15)s A northerly ranging species, the gumboot reaches as far south
es San Nicholas Island in the Senta Barbara Channel, though very few are
found south of Monterey. The other, somewhat more abundant and perhaps
somewhat more relished by the Indians, is Katherina tunicata, whioh is the
second largest species of chitone It, too, is more abundant in northern
waters, but ranges farther south than the larger forme Both of these ani-
mals favor the low-tide horizon on rockbound coasts, though Cryptochiton
seems to prefer not to be exposed directly to the surfe

Included here under the term shellfish are several crustaceans, and
at least one echinoids These are all open coast forms and may be found
in the inter-tidal zoness

Of theses various species of barnacles were relatively important in
the diet of many coastal gathererse Balanus nubilus and Balanus cariosus
are two of the largest barnacles and were probably the most important for
foods Another barnacle, the goose barnacle (Mitella polymerus), most often
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associated with Mytilus californianus, was also eaten.

Crabs (Cancer antennarius and Cancer Eroductus) were taken when pos-
sible fram pools among the rocks at low tide——as ample ethnographic and
archaeologiocal evidence indicates (16).

Along the California coast the species of sea urchin occurring in
greatest abundance——end most evident in middens—-was Strongylocentrotus
urpuratuse These animals with their brittle shells or "tests" are found
on %EE open coast in the low-tide zone, nestled in small depressions in
the rockse

Bay and Estuary

The bountesus shellfish resources of the open coast of California de-
rive from relatively few species. By contrast, the bays and estuaries of-
fer-=—not only an abundance of shellfish--but also a much greater spectrum
of formse One of the more prominent of these is Mytilus edulis, or the
"bay mussel," which is distributed all along the California coast (and,
in fact, around the world in the North Temperate Zone), but which was im-
portant aboriginally only at San Francisco and Humboldt Baye. Differing
from its allied form Mytilus californianus not only in habitat but also
in size (rarely being over two inches long), the boy mussel too prefers
to attach itself to rocks. When these are lacking, as they often are in
bays and estuaries, the mussd4ls will establish themselves on gravel beaches.
These colonies are sometimes so closely intertwined by their byssal threads
that they form great solid masses that can be torn away from the gravel
in chunks or sheetss

Ranging all along the Californien coast is the bent-nosed clam,
Macoma nasuta, of which the Indians ate a great manye It burrows only
six or eight inches into mud, and thus is relatively easily procurede.

A popular bivalve, aboriginally as well as today, is the rock clam,
Protothaca .staminea (also called rock cockle, little neck clam, hard-
shell clam, and the lomales Bay clam)e It can be found at low tide in
packed mud or in a gravel and sand bottom, usually less than eight inches
below the surfacee

The gaper or horse-neck (Schizothserus nuttallii) was fairly consis-
tently used by the Indians north and south on the coaste It grows to
eight inches in length, sometimes weighing up to four poundse As it lives
in soft muck or in fairly loose sand in the low tide horizon at a depth
of from eighteen inches to three feet, this clam is gathered with no little
efforte Most of the edible part is contained in the long muscular siphon
which is the only part eaten by present day clammerse That the prehistoric
coastal dwellers considered the effort to dig this specics worthwhile, is
ovidenced by its presence in middens from Puget Sound down to the Ventura
County coaste. - :
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More important in some respects than the horse-neck, but used to a
lesscr extent aboriginally for food, was the Washington clam (Saxidomus
nuttallii» It is found in the same habitat and range as the above species,
but at a depth of only eight to ten inchese This is a large clam, though
not so large as Schizothaerus, averaging between three and five inches
longe Its importance resulted from the nature of its shell, which, be-
cause of its thickness and lasting quality, was worked into small perfor-
ated discs which were used as a medium of exchange by the later Californian
Indianss '

Certainly one of the easiest clams to .procure is tho basket or heart.
cockle (Clinocardium nuttalldi) formerly called Cardium corbis), which is
either found lying on the surface of the coarse sand flats in bays and
estuaries or slightly belowe It occurs in greatest abundance in the north,
but California middens indicate that it was eaten by the Indians at least
as far south as Halfmoon Bay.

In the more proteccted indentations of the coast southward from Monte-
rey are found the West Coast scallops, of which one-=Pecten circularis—
was of some importance as foode It inhabits sand flats and is widely known
for its fine tastes

Another southern ranging form is the hord-sholl”. cockle (Chione spps,
californiensis, fluctifraga, and undatellg)==occurring archasologically in
a shell mound near Santa Barbarae

Widely kmown for its aboriginal decorative usage, and probably eaten to
some extent by the aborigines, is the olive shell (Olivella biplicata)e
Ranging all along the California coast, it can be found in greater or
lesser numbers on sand flats in bays and estuariess

The native West Coast oyster, Ostrea lurida, was important for food
in aboriginal California only in San Francisco Baye This oyster is small,
but like the members of its genus from other parts of the world it grows
prolificelly on beds of its own shells in shallow, protected watere

Inland

Unlike the tributaries of the Mississippi which flow over limestone
formations conducive to the growth of mollusk shells, the freshwater
bodies of California do not contain a great abundance of pearly clams (17)e
This is not to sey, however, that many of the Indians of inland California
did not from time to time enjoy the benefits of this nutritious food
resourcee

A very distinctive variety found in clear, swift streams, partially
buried in sandy or gravelly bottoms, is the pearly naiad, Margaritifera
margaritifera falcatas Whide there are few data as to what oxtent this
species was utilized in California, it is known to occur in Indian sites
in at least small quantities (18)e
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Another oonspicuous member of the family Unionidae is Gonidea angulata,
the angulear cnodone It ranges from the northern border of the state down
into San Diego County and across the Sierras to Idahos

A speoies having & thin, trianguloid shell and named Anodonta nuttal-
liana may be found in most rivers and lakes in Californie.” Two other forms,
Anodonta californiensis and Anodonta oregonensis, have sometimes been con-
sidered separate species, and at other times merely as varletlcs of Anodonta
nuttalliana.

While the above are now all classified taxonomically in the family

Unionidoe, o distinotion has beon made betwoon the Unios and the Anodonse

The former seem to prefer running woter in rivers ana streams, whereas
the latter can be found in greatest abundance in quiet lakes and ponds,
though the two habitats are not mutually exclusive (19)s Although the
literature on their distribution in California is meager, this distinction
soems to bo vorified by the finding of Anodonta oregonensis as the only
bivalve prosent ina shell middon on an‘island in Buena Vista Lake (20).

Land snails and slugs may possibly have becn eaton to some extent
in eboriginal Californiae Shells of the former ocour in archaeological
sites==but never in lerge enough quantities to indicate importance as a
food item (2l)¢ They sometimes occur quite deep, but in most cases the
numerous rodent burrows might oxpldin this facte The species mont ioned
in connection with Indians scom to have boen largely of the family Heli-
oidae (gonera Helix and Helminthoglyptu)-

SHELLFISH IN ABORIGINAL LIFE

The Secasonal Round

Boforc entoring into a discussion of shollfish gathering in Califor-
nia, it might be woll to considor briefly the seasonal round as exempli-
fied by a number of well known groupse Wo may first considor the seasonal
gathering activities ongoged in by a coastal groups -for this purpose we will
discuss the Coast Yukl, who hawo boon excellently described by Gifford (22).
This group, which consumed a large number of marino shellfish, may bo taken
as an oxamplo of an exposcd, outer coast, kitchon-midden population (as
difforentiated from thosoc who left remains on protectcd innor bays such
as Humboldt, Bodoga, or San Francisoco Bays)e Theso pecople lived in more
or less tomporary camps in tho hills in tho winter, and occupied tho beach
from ebout April to Octobore The poriod betwoon tho latter part of January
and the first of March was the worst timo of the yeary for the food supply
was then low, tho storod food was largoly used up, and the stroams wore
toc swollen by rains to pormit salmon fishinge By March, however, excur=
sions werc boing mado to the coast for mussols and other shollfishe In
April somo pooplc constructed dwellings at the beachy although tho food
quost still hnd an inland oricntation, for in Moy clovor leaves werc roady
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to cat, and by Junacclovor flowors<cnd soods,. grass socds, bulbs and corms
wero plontifule Moro timo was spont at tho boach in July, and such things
as mussols, abalone, cnd surf fish wore driode Seafood drying activities
continued through August; tho diet being augmented by such food as borrics
ond hazeol nuts, ond perhaps an occasional doere. By Septembor short trips
weroc made into the hilis for acorns and other sceds. In Octobor, wintor
houses were oreocted in the hills; thoso wcro occupiocd in Novembore Salmon
werc largoly caught and dried in Docember, but toward thc end of this month
the rains intonsified and salmon fishing torminatoeds

Thus, it eppears that omong this group the main protein supply in tho
diot was shollfish, ospociclly musscls, for salmon could not have been very
important if the groatcst quantity of them was caught in Deoccmber, and if
the food supply wos running low by tho end of January (23).

A brief sketoh is available of the amnual food cycle of tho Toloweas
Shellfish herc figurce prominently in the dioct, though not to the oxtent
that they did omong tho Coost Yuki (24)e Thoe most important food resources
were salmon and acorns; theso were followcd by smelt, shollfish, and sea
mommals (25)e ° Unlike' tho @oast Yuki and very much in the pattern of tho
Yurok, who also relied on salmon to a groat oxtent, the Tolowa congregatcd
elong the Smith River for thc spring salmon rune During this time the roots
and berries began to ripon and could bo gathercds From the river the people
moved to the beach in order to gathcr, hunt, and dry seafoode In tho late
summor whon the salmon werc agein rumnning thoy returnocd to the river, and
from thore moved to the hills to gather acornse Tho Tolowa spont the win-
ter in their villagos clong the river, around Lake.Earl, end-on’the:.coabt.

The gonoral pattern along the coast must have boon similar to the two
casos doscribed above, though groups living on tho coast probably gathered
o goodly quantity of shellfish in the winter as well as dulfing tho rest of
tho year 26)o

Inland peoples epperently made froquent excursions to the coast to
gother shollfish-=probably mostly during the summere The Coast Yuki and
their inland neighbors devoloped this practico to a formal pattern (27).
Freshwater shellfish were evidently more sought for in the summer by the
Eastern Pomo (28)s In the south, the Yokuts, and probably other valley
groups, arc also known to hewve made oxcursions to the coast to procure
shellfishe An instance rocorded in historic timcs took place in Moy (29)e

The most important reason, apparently, for the docreasc in shellfish
gathering during the winter is to be found in the climatee Tho northern
California coast can bo vory unpleasant at times during the summer, and
even more so in the winter when gales whip down out of the northweste
Indians whose territory adjoined the open coast, such as the Coast Yuki,
roetreated before the storms to morc pleasant climatese Those living on
roelatively protected bays such as Humboldt, Bodoga, end San Francisco
most probably occupied sites the year aeround, howevere.
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Gathering Techniques

As one specialized aspect of the hunting and gathering types of sub-
sistence, the procuring of shellfish is one of the simplest means of ob-
taining food known to man. There are, however, certain facets to the
problem of collecting these unbbtrusive animals that require skill and
ingenuitye The simplest and most direct method of gathering shellfish
is to pick them up by hande This is possible with only certain species,
and even with these it is often necessary to resort to some kind of im-
plements The more important factors governing the methods of gathering
are the physical characteristics of the animals, their numbers, and their
ecological relationshipse '

An animal fulfilling the requirements of ease of handling, oocourrence
in substantial numbers, and exposed habitat at low tide is the sea urchin
(30)e This species was probably usually gathered by hand, though this
practice is not mentioned specifiocally in the literaturee. One might con-
clude that they were not gathored with the aid of an implement since the
use of implements usually attracts the attention of the observer, and no
such connection is cited for sea urchins along the California coast (31).
This point can be illustrated by referring to the Kwakiutl who used a
multi-pronged spear for sea urchins (sea eggs)e It was constructed of
& hemlock shaft threc and one-half fingers thick, with yew wood prongs
two spans and four fingers widths long, and bound to the squared end of
the spear by split spruce roots (32)s This invention was similar to the
one used in gathering Dentalium, a mollusk which had a direct and power=~
ful influence on California Indians through its use in trade (33)e

It is possible through a slow and painful process to take mussels
by hande The only specific mention that the writer has found of such a
practioce is of the Wappo picking mussels off rocks by hand (34)s The
authority does not speocify whether these are sea or bay musselse The
latter might be easier to deal with in some cases (35).

Since most of the clams liwe below the surface they usually have to
be dug out with the aid of some sort of implements Thersc are a few in-
stances on record of the Indians having dug for various species of clams
with their handse According to Nomland, not only clams, crabs, and river
crawfish were taked by hand by the Sinkyone, but also the abalone——al=~
though she indicates that the latter was also pried off the rocks with a
stick sharpened at one end (36)s A Tolowa man said that tho razor clam
(Siliqua patula) was seized by hand in the mornings at low tide (37)e
The Lower Chinook at the mouth of the Columbia River sometimes used their
hand to remove the sand from around clamss This group also used imple-
ments=—in this case of a rather spccialized kind,

Evidence as to how the native west coast oyster (Ostrca lurida) was
gathered is meager (38)s The Coast Miwok dug a few with digging sticks
at the mouth of Valley Ford Creck (39)e For San Francisoco Bay, whore
this specics is most in evidence archacologically, there is no ethno-
graphic material to indicate how it might ha've-boemn procured. Very -
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likely they were dealt with in a menner analogous to the Seri practices.
This group would gather oysters "with the hands, aided porhaps by a
stone or stick for dislodging the shells cither from the extcnded off-
shore beds at extreme low water, or from the roots of a mengrove-like
shrub at « médium-stagoe" (40).

The main types of crustaceans represented in aboriginal menus were
crabs and barnacles. Both of those were perhaps more often taken with
the aid of tools of greater or lesser complexity, but in some instances
they were takon by hande Crabs were caught in such a manner by the
Coast Yuki (41)s, One of the most ingenious methods of procuring any
shellfish was practiced by thc Pomo, who, according to Loeb, would at
low tide build a fire over a bed of barnacles living on the rocks (42).
This was kept going, cooking the barnacles, until the incoming tidc ex-
tinguished the fire and cooldd the meal which was eaten the next daye
This practice would very probably give rise to an underestimate of the
amount of barnacles eaten by the Pomo groups in question if that esti-
mate were based upon an analysis of their refuse sites alonce However,
Loeb notes that barnacles wcre also gathered and cooked in hot ashes at
their camps, while the writer has seen barnacle shells on Pomo sites as
far as four miles in from the coast (43)e The trait of cooking barnacles
before they were removed from the rocks or gravel is also recorded for
the Kwakiutls Boas writes that barnacles (probably Balanus cariosus or
glandula) were roasted by building a fire over a large bed of barnacles
which were then peeled off in shcets (44)e These people would also
gather stones with many barnacles on them, and cook the animals by
stoaming (45), :

In the interior where river and lake mussels were eaten, gathering
was apparontly most often accomplished without the aid of & tool. How-
ever, an American explorer who ascended the Sacramento River as far as
the territory of the Northern Wintun observed that "thesc Indians had
small fishing-nets, somewhat resembling thce size and shape of a lady's
reticulee These they made use of when diving for mussels, and in a short
time procurcd half a bushel of them" (46)s Repeatcd references have been
made to the practice of diving for mussels by the Wintun (47)es Powcrs
says of the Wintun on the Sacramonto River, "Thoy would dive many fcet
for clams — and rise to the surfaco with one or more in cach hand and
one in the mouth" (48).

Land snails wero probably most oftcn merely picked up by hand, al-
though references to their use by Cclifornian Indians do not usually
include the mothod of taking theme Onc ethnographer specifically states
that the Pomo women picked up snails from tho ground and woter (49).

Specialized Tcchniqucs

Tho type of artifact employed to the groatest extent by the Indians
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of the state for thec purposc of obtaining shcllfish was most likely some
sort of woodon implement rcscmbling, and in many cascs identical with,
the digging stick (50).

A stick was sometimes used to locatc thc shell of clams living in
sand or mud flatse The sand or mud would then be loosencd and scoopod
away by hand until the clam could bc scizede Kelly's notes contain a
good description of digging for a long nock clam (probably Schizothacrus
nuttallii) by the Coast Miwok at Bodega Bay: "Dug at low tide on flats-
with stick (51}, or with stick for this particular animale Sharp on cnd,
but not very sharpe Thrust stick in to locato shollse Then go with fin-
gerse Gathercd by both mon and womene Found above clbowr depthe Gathcred
in conical burdoen baskot" (52)s Thc omployment of a special instrument
in collecting this clam may have a long history at Bodega Bay, for the
popularity of the spocics at site Son=-299 (with Middle Horizon affilia-
tions) is shown by the relatively large proportions of Schizothaerus
shells omong those of other specics (53)s Driver gives a similcr dos-
cription for the digging of clams by the Wappo (54).

The famous money shell clam (Saxidomus nuttallii) was also dug with
a stick by tho Bodega Bay Indianse "'Rock clams' (Lupu-guta) are the ones
from which thick beads arc made, have to have a hard wood stick for thesc
clamse They are in tho rockse Prctty good cating tooe Just like the
Washington clams" (55)e

Apparontly theose people distinguished between spscimens of Saxidomus
on the basis of thickncss of shell, for therc is fair range of variation
~ in this particular (from two to throc millimeters), as obscrved by the
writore In several placcs in her manuscript, Kelly gives the native name
of thc Washington clam (Saxidomus nuttallii)as, Kueta, guta, or Kuta (56),
while the so-called "rock clam” is repcatcdly rcferred to as lupu-guta
(57) or Lupu~Ruta (58)s The form Kuta or guta is apparently the root
word referring to the spccies, and tho prefix luepu (lupu) quaelifics the
thickness of shell and its concomitant utilization for disc boadse

The name "rock clem" is misleading, howevere. Saxidomus thrives in
mud flats, as well as in fairly coarse gravele Thoe latter is probably
what is moant by the ethnographere

The most important single componcnt of site Son-29¢ «t Bodega Bay
was tho sea mussol (Mytilus californianus). As with Schizothacrus the
mussel was important cnough in late times also, to merit a special namc
for an implcment used in its procuromcnte Kolly tells how these people
gathcred musscls: "Found only in salt water. Principally on island at
mouth of bay and on Bodega Hoad (occan side)e Got musscls at low tide
off rockse Hommcr off with hardwood stick (hoiyc'n)e Only mcn got
mussilss Got to wrtch the wuter all the timeo Carry basket to put them
in 59)e

Tho manufacture of this tool (a«lso used in taking abslonec) is
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doscribed thus; "Use a pretty sharp stick (hoiyc'n)s Shurpen it good
and put it in the firc to drye Don't burn it too muche Make it shurp
by rubbing on a rock" (60)e Other instances of tho employment of a
sharp stick have beoen recorded for the Wiyot who used it to gct abaloncs
as well as soa anemones (61).

Abalones (Haliotis rufoscens) wore sparsely represented in Son-299
but may heve been morc important during tho later periode. i

To this day the typs of implement used in procuring the abalonc has
retained the form omploycd by coastal dwcllers at tho time of contacte
It consists of a rod-like instrument with a fair degree of fractural
strongth, shorpened, and often flattened at the working ende The present
day "tire=-iron" made of a section of automobile leaf spring serves the
purpose well, whereas the Indion used a hardwood stick as described above
or one with a spatulate end (62)e The function of the instrument is to
ingert the end under the edge of the shell of the enimal and quickly
flip it off the rock to which it adheres by its strong muscular foots
Failure to perform the aot in one quick motion gives the abalcne time to
drow its shell down tight against the rock with such strength that it
is sometimes very difficult to remove the tool, much less loosen the ani-
mals It hes been suggested that the strength with which en abalone adheres
is due in part to the secretion of mucus on which this sea snail slidese
The mucus would aid in oreating a wacuum (63).

The difficulties presented to the Indians by the characteristics of
abalones and the nnture of their habitat is vividly described in the
following excerptss

"Bodega Head is o bad place to get abalomes Got to climb up rocks
with a big loads Got to go through tunnel to get abalone there" (64).

"Get on ocean side. Hong down under rockse You got to feel for
theme Dangerouss Catch your finger and you got to stay there.~Use a
protty sharp stick (hoiye'n) [ﬁﬁ]. Hit them quick not slow" (66).

The Coast Yuki also used a specialized tool for abalones and musselse
It was made of a hard wood,rhododendron or Garrya elliptica (a species of
dogwood) one yard in length with a flat chisel-like ende When broken
off in use the end was resharpened with o musselshell knifoe After the
stick bccame very short it was driven under the abalone shell with a stones
The instrument was made to last longer by hardening in the firce It was
nlso used to remove abalone meat from the sholl (67).

On the Northwest Coast the Kwakiutl, who specialized in woodworking,
had at‘ldast two difforont.typos of. spatulato.prying imploménts to aid’ -
in goathering shellfishe A mussel stick which was probably uscd as a
blade to scrape mollusks off rocks is described as being made of a broken
yew=wood paddle, tour spans long with a rcund handle, the flat ond heing
four fingors wide (68)¢ “What must have been a similar looking instrue
ment was employod to peol ohitons off rocks (69)e This was made of a
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hemlock branch threc spons long and had a flattoned point (70)e A sharpe
onod, flattenod instrument of iromwood; throc to four fcet long and
seasoned over the cooking fire for several months was uscd by the Coast
Yurok to pry loosc musscls, abalones, and chitons (71), while a-similar
form is desoribed for the Tolowo who used it for mussels, horse-neck cloms,
ond soa oncmones (72)e This type of instrument probably had. a continuous
distribution along the Northwost Coast as far south as the Lower Chinook,
who omployed an ovon more specializcd toole This was from two to four

foot long including a handlo and a blade which was cupped and tapored to

o point (73)e _

Among tho Wappo who lived somowhat more distant from the abaclone
hobitat than tho above mentioned groups, aobalones wero pried off racks
with sticks, cr, "sholl orushod and meat taken out without removing the
shell from the rock" (74)s ' '

In oxtremoc southern Californic the Dicgueno took abalones with harde
wood bars (75)e

Excopt for tho above citation our informetion as to gathering toch-
niquos refers to groups north of San Francisco Baye For most of the
spcoios disocussed thus far, the gathering tochniques were probably similar
on the south central and southern Californian coastse Cortainly more
data are neocessary, on tho Chumash especially, before tho picture can bo
completeds Thore is, for oxample, little or no information as to how tho
famous Pismo olam was locatod and gothored aboriginallys Today a rather
specializod oclam fork is often used to locatc thosc clamss It is somoe-
timos possible to find this specics by looking for its siphons which pro-
trude slightly out of the sande Onco tho siphon is loccted it is a rcla-
tivoly simplc mattor to dig the oanimcl out by hande Quite possibly the
Indicns probed for tho Pismo with sticks, as thc Coast Miwok did for
anothor spocies (76)e Another monnor of locating and gathoring theso
clams was that omployed by the Sori in the Gulf of Californice McGoo
dosignated tho Pacific Coast clem (probably Tivela stultorum) as tho most
important spocios in the shellfish class of Tho Sori dlet (77)e The
method of procuring them wos cs followst: "Tho clams are usually takon
at low tide without specialized appcratuse Thoy are locoted by faeling
with the feet in shallow woter, cnd caught either with toes or with
‘fingers, to bo tossed into any convenient rocoptaclee When the wator is
ontiroly withdrawn from tho flats, they are located by means of thoir
holes, and arc oxtricoted cither with a shelloup or with some othor impro-
visod implement"(78).

Of tho many spccics of crabs along tho California littoral only two
worc caton to o substantial oxtcnt by the aborigincse Mony of tho shoro
spoccics aro too small to providec enough gastronomic reward for the effort of
capturing thems Two species. answer the oflteria necessary to insure their
usc as an important food sourco, viz: Cancor antennarius and Cancer pro-
ductus (79)s Thosc two spocics arc to bc found omong rocks at low tidos
on tho protcctod outer coast (80)s To colloct crabs o numbcr of methods
have boen uscd by Californian Indianse
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Tho Sinkyonc caught craobs ond orawfish by hand (8l), as did tho Coast
Yuki (82), while thc Wappo arc said to have swum aftor thom as woll as
pickod thom off thc boach (83)s Anothor simplc method was to pokc a stick
or polc through tho ocarapace of tho animale This practicc is described
for tho Indians along southorn Orogon Coast (84), the Yurok (85), and for
tho Wiyot (86)e Thc Tolowa would mcroly thrust a stick down into a tido
poole Tho stick, which was seized by tho crob, woas thon drawn back te=
gothor with thce animale Octopi aro said to have beon caught in this
‘monnor also (87)s : .

Together with tho simplc tcchniquos for catching thoso orustaccans,
moro olaborato onos wero used on tho northorn Californian coaste Tho Pomo
uscd an intricato combination to catch craobs as illustratcd by tho follows
ing oxcorptsy "Crabs worc caught on tho coast with a picco of string, us-
ing mcat as baite Tho fishorman summonocd tho crabs with tho ery of 'FPo
Po po poe?!  Thon tho crob camo out from his placo of concocalmente A hand
not was usod for the purposc of removing the crab from tho watore Lobstors
“(K'i, Contral Pomo) nocdod no ontioing, but were ncttoed out of tho water
ot Tow tido"(88)s

Stowart mentions that the Contral Pomo caught crabs with dip nots at
low tide (89), but soys nothing about catching thom on baitod strings (90)e
Also ho gives the Contral Pomo namo for crobs as "Ki™ (91)e This is almost
idontical with the word Loob givos (abows) for lobstorse Since tho only
lobstor on tho Wost Coast is tho "spiny lobstor"™ (Panulirus intorruptus),
which doos not range north of Point Concoption (927), Loob was in orror in
roforring to tho orustacoan as a lobstere What was probably moant was
anothor spocios of crabe

On tho northwostern coast of California at loast two types of orab
pots worc usode Onc was a circular frame nottod coross, used by tho
Korok (93), Yurok, Wiyot, and Mattolcs The lattor group made tho mosh of
tho immer bark of willow, cnd baited thoe pot with musscls; thce Karok, on
tho othor hand, usod salmon viseora for bait (for crayfish)e In additionm,
tho Karok and Yurok cmployed an oporwork twined form of pot for orabs and
thoir froshwator rclativess Tho Bear River Athabascans probably uscd a
contrivancce similer to that first dcscribed abovo, for, although it is
called a dip net, it functionod os o crab pot (94)e

Mothods of Prepcration

The modecs of proparction and consumption of shellfish by the Calie
fornin Indians woro=—like their tochnigue of gathoring=-dircct and une
spoeializods The ontroos woro ofton, porhaps morc so than actually ro=-
cordod, ocaton rowe - This sooms to havo boen especially truc in the case
of tho soa urchin, Strongylocontrotus purpuratus, whoso only odiblo pore
tions, tho eggs or gonads, worc caton row by tho Tolowa (95), Wiyot (96),
ond Contral Pome (97)e This specics was also cxploitod by tho pcoples
of tho Mcditorrancan arca, and cvon today Californians of Italian doscont
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cen bo seen during low tide at Pacific Grove collecting this Frutta de
Maro, washing the eggs in the sea water, end placing them in two-quart
jars (98)e

According to Jochelson (99), the gonads of a closely rolated spocies
aro fully developed only from April to June and from September to October
(100). During the rost of the yoar the eggs are absent or.very rarce

The Wiyot also ate limpets (Acmaca spe) rew upon occasion (101)e
The writerts Wiyot informant declared that he has scen a descendant of
the Mattolo people eating limpots raw near Petroliae

Undoubtedly clams were sometimes devoured with more preparation
than removing them from the shell, as with the Wappo (102)s This prace=
tico was also observed among the Sori (103).

Porhaps the main problom with shcllfish that had been gatherod was
that of proparing for storage those that had been caught and werc not te
bc caten immediatelye As far as is known this was always done by dry=-
ing thom in the sun or smoking them in a fire.

Non=constal groups would sometimes travel half the width of the
state in order to enjoy the benefits and delights of fresh sea food as
well as to proserve some for trensportation to their homes (104) On
thosc trips trade was carried on for shells and othor articles bctweon
the coastal and inland groupse The impracticality of transporting fresh
sea food over long distances is roflectoed in tho taboo by tho Hupa against
bringing any frosh soca foods into the walley, all such products had ts be
driod (105).

In meny cases the food was cooked bofore drying, as with tho Tolowa
who, when thoy had a large quentity of mussels, clams, or barnacles to
be dricd, would build a large firo on the beach, scoop out the hot coals
and bury the shollfish in the hot scnd whioch was ro-covered with the
coalss When a portion of the dried product was to be caten, it was
‘soaked ovor night in fresh woter, then boilod o bit and consumed along
with ccorn mush (106)e The Yurok are known to have used this "pre-
cooking" method for the pig's foot barnacle (107)e

The Yurok cooked mussels before drying them by placing tho live
animal directly on the firc or on hot rocks in thc fire, whorc thoy
simmorcd in their own juicos (108)s Thoy wore dono when the shell
opcnede Some were eaton freshly cooked; othors wore dried in the sun,
the small children brushing away the flies with branchese Whon tho
mussels were dry they were stored in baskets betwoen layers of fine
grasse These wero stono boilcd in baskets aftor being somked over
night in frosh water (109).
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Furthor light on musscl drying mcy be dorived from date on the
Wiyot—-awho not only broiled fresh mussels on an open firec but also
boilcd thom freshe Tho moat wos dried and smoked in a twinod, opone
work baskotry tray set on a frame ower a firo of myrtle or alder woode
This procoss lastod for throe dayse In historic times the smokcd and
driod mussels wore stored in a sack, though aboriginally a storage
baskot wos undoubtodly used as with tho Yuroke Again the driocd mussels
are said to have beon sooked over night in frosh water and rccooked by
boiling (110)s Proservation of shollfish, cspcinlly musscls, by drying
or smoking occurred among £ll the northwostorn Californian coastal
pooplos-wthe claments forming a complex of traits: cooking, drying,
storing, soaking in fresh water and ro-cocking by boiling tho dricd
product boforo eatinge

Nomland mcntions this procoss far the Boar River Athabascans in
tho vicinity of Cape Mondocino (1l11)e The Sinkyono practicc in this
rogard was not rocorded (112), while the Const Yuki wariocd the mussol
drying oomplex only slightlye Thoy rogarded musscls quitc highly but
wont about preparing thom somewhat differontlye The first part of the
Coast Yuki procoss corresponds rather closoly to that of the moro northor-
ly groups; the stored mussols, howover, wero caten dry without further
cooking (113)s Tho Const Yuki mcthod is doscribed thus by Gifford:
"Musscls for drying wore placcd cmong hot coanls to open shollse Thon the
moats were spitted on young hazcl twigs to drye Thosc twigs with their
loads of mussols wore tied together so that they radiated like the
spokos of e whoecle Usually tho musscls were dricd in tho sun, though
somotimcs smoked tooe If not thoroughly dricd they spoilode Then roady
for trensport inland, tho sticks of musscls woro packed in the mant's
burden basket (olo)e Thoy wore coten dry without further cookinge
Pooplc wore never poisonod by driod mussols, as thoy woro somotimcs by
fresh mussols' (114).

Farther south, the Pomo followod the practiocc of the northwostorn
groups-~boiling or roasting the mussels on hot ooals ¢e open them, sun~-
drying thom, transporting thom home, and sometimos stringing them on
grass fibor (115)s The dricd musscls worc mado ready for cating by
being soaked in frosh water until they were swollon, aftor which thoy
wero boilod (116)e

South of San Francisco Bay our knowlcdge of musscl drying must be
largely inferrode The Costanoans dricd food by both sun and smoko,
whilo the Chumash admittod sun drying but donicd thc smoking proccsse
Tho Sorrano and Gobriclino also said they driod food in tho sun (117),
Mussels werc dofinitely eaton by the Costanoans (118), Salinans and
Chumash (119).

In goneral the omphasis in coastal nctivitios was laid upon the
ubiquitous mussol. At worious timos and in cortain localitics, howowor,
other forms of shollfish end sca food worc tho foci of attontione Among
the shollfish, the abalone, in Montoroy Bay cnd to the south, was clmost
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oqually important (though spoeific citations as to drying of thom for
futuro usc arc lacking)s Woodword stipulatos thot tho most plontiful and
most uscful spocies on tho coast of Southorn California was tho black .
abalonc (Holiotis ernchorodii), end that this spocios was ono of tho

most provalent ot tho importont Chumash village sitc of Muwu (120)e Anae-
ther vory important mollusk at this sito was thc prosont day markct var-
ijoty of cockls, Protothaca staminoa, of which tho author says that thoro
wero, "solid layers of cocklo sholls, unmixod with oarth or other dobris,
ovidontly the romains of anciont foasts or a hcavy cateh proparcd for
futuroc use" (121). '

Though abaloncs worc less froquont to tho north, thcy woro at loast
occasionally dried along with mussols and clamse Tho same method uscd for
musscls was ovidontly oxtondcd to othor kinds of shollfish—-ond to fish
as wollse At the scashorc tho Yurok took==bosides shollfish=-vorious typos
of soo mommals (including strandcd whalos)(122), surf fish, and soawood
(123)s All of thosc worc dricd in groater or lossor quantitiose Indood,
driod smolt worc apparently a stople omong the Tolowa, for ono informant
doclarcd that thoy were caten at almost ovory mecal along with acorn mush
(124)s Tho toking of smolt in fair sized quantitios extondod at lcast as
for south as tho Coast Yuki, for Gifford includos thom along with mussols,
abalonos, chitons, bullhcads, kolp fish, and rock cod as foods dricd at
the scashoro and taken inland to wintor sitos in tho fall (125)e Not much
abalono was driod and teokon inland, howcwer, bocause tho small supply was
usually oaten immodintolys In tho procoss of proparation, "an ebalono
[which was] to bc driod was cookod in coals, rcmovod from thc sholl, and
the moat ocut into threc broad horizontal slices with a flint knifce In
cutting into small piccos for cating, o musscl sholl was used" (126),

Sca mommals worc gonerally less important south of northwostcrn
Colifornia until tho Chumash arca was roachode Hore, another sca-going
poople took them as ovidoncod by romains in archacological sites (127)e
Tho coastal Geabriclino, too, arc scid to have subsistod principally on
fish, whales, soals, sca otters, ond shollfish (128).

Two spocies nf smclt——Spirinchus starksi ond Allosmcrus attonuatus——
comprisc the bulk of precsont day surf fish catch, and probably did so in
aboriginal timos alsoe Tho former spocics is tho most abundant and ronges
as far south as Montorcy Bay; tho latter ranges only to Sen Francisco Baye
For both spocios, howcver, the largest rocont londings woerc mado at Eurcka
(129)s This fact roflocts the aborignnal distribution of this food.

Of shcllfish other thon musscls and aobalone that were dricd or smoked
for later uso, spocific mention may bo mado of chitons (Cryptochiton stcl-
lori and Kathcrina tunicata) for tho Wiyote. Thesec worc cooked in hot
oshcs, tho platos and viscera then boing romovod, and thc foot only eatons
Tho drying procoss was similar to that uscd for mussols (130)e Tho ini-
tial cooking procoss was ossontially the samo for tho Ccast Yukis How-
ovor, "tho whito and - blue 'intcstinal parts! wero driod for usc later,
whon thoy wore parchod, or soakoed in wateor and catone Thec moat was washed
ond caten at onco' (131)e What appears to bo a survival of an anoidnt
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Pomo practice in treating the "gumboot" was recorded recently at the Ukish
Rancherias The informant was drying a ocouple of dozen chitons (Crzpto-
chiton stelleri) on a table covered with newspapers in the yards She said
that "they are collected on the coaste They are boiled and then the shells
are removed, then they are dried in the sun for about a weeke When they
are desired for a meal, they are again boiled and then sliced and served,
sesenot meny of the Indians eat these any more" (132).

The northern Pomo formerly made trips to the coast lasting at least
four to five days in order to gather and dry mussels, abalone, sea fish,
kelp, and seaweede They gave abalone feasts, and also dried them in the
sun to be stored in baskets for relatively great lengths of time (133).

The process of stone boiling in baskets was widely distributed in
aboriginal California--and where shellfish were eaten this was one of the
means of preparing theme It has bedn pointed out above that boiling was
tho wsual mcthod of proparing dried .shellfish, und probably other dridd pro=-
ducts also, for eating, being done with stones in most of Californiae 1In
northwestern California all groups, except the Nongatl, Kato, and Coast
Yuki, boiled meat (134), nevertheless, all are said to have dried meat
and fish (135)s In this area the most common method of preparing fresh
meat or fish (and shellfish) was that of roasting or broiling the animal
on hot coals (136). However, river mussels were boiled, for a species of
"Unio" found along the Klamath River (137) in Karok country moved an early
traveler to record the followings "These form a favorite article of food
with the Indians, who boil them in baskets by means of hot stones" (138).
From these and the few other statements that can be found relating to the
utilization of freshwater mussels, it might be oconcluded that the menner
of preparing them differed little from that employed by the coastal
peoples for salt w ater speciese Both boiling and roasting were resorted
to by the River Wintue If a surplus was accumulated over what could be
consumed immediately, they would be dried on flat basketry trays for
winter use (139), and for trade with the mountain people (140)e Powers
also states that tho Washo boiled a bivalve~=which he calls "Onondonta,"
but which may now be callod gonerically Anodonta or~Gonldoa=—fourd in the
Owens River and in many other parts of Californmaa (141).

Freshwater lake mussles (probably Anodonta sps) are reported roasted
in a strikingly similar memncr in both north central California among the
Leke Pomo and by Yokuts around Buena Vista Lake in the southern Central
Valleysa Kniffen says of the Pomos "Freshwater clams (xala) were well
distributed about the lakes In summer they were taken in some numbers
and cooked ncar the shorce Thoy were placed on the ground in a flat
spiral, hinge upwarde Over the top a light fire was built with small
sticks so that when cooked the shells were easily opened" (142)s Latta
records that the Chunut and Wowol Yokuts prepared large quantities of
leke clems in the following way: "First thoy put on the ground a layer
of tules four or five inches thicke They put the clams on top, with the
open edges down as thick as they could, so they would not roll overe They
piled tules on top of tho clamse Then they set fire to thome When the
tules burned, the water ran out of the clams and steamed them so thoy
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cooked nicee My people ate lots of them that wayse They were good with
selt from salt grasso Sometimes they baked lots of fires of them" (143)e.

The quite simple and efficient method of cooking food in hot sand
was employed to some extent by the Tolowa (144). Hot sand was also em=
ployed to loosen the tough hides of such animals as chitons and octopi.
The loosened hides were then scraped off-—the meat of the former being
broiled on live coals, the arms of the latter being chapped into six
inch pieces and stone boiled in baskets (145). ]

Crabs are said to have been boiled by the Wiyot and Hupa; the latter
also baked them in hot sand (146)e Further up the coast the Yurok either
baked them in hot sand or broiled them on the open fire (147). The Tolows,
again, cooked them in sands Other shellfish said to have been prepared by
this method include Washington clems (Saxidomus nuttallil) by the Hupa, and
pig's foot barnacles (Mitella polymerus) by the Yurok (148).

Although the information is incomplete, it seems that the technique
of baking food in hot sand seems to have occurred only on the northwest
coast of Californias Here, its use was confined to the preparation of .
shellfishe Broiling or roasting on the open fire or in hot ashes appears
to have had a general distribution along the entire coast, howevers 1In
fact, this latter method is the only one reported for the Coast Yuki, who
epplied it even to the sea urchin (149)e Elsewhere, sea urchins were raw,
with the possiblo exception of the Bear River ‘people, who somotimes placed
them on hot stonese They did not, apparently, place sea food in direct.
contact with a fire (150¥. Their closely related neighbors to the south,
the Mattole, broiled all meats and fish on the fire (151)c. Pomo practiee
was epparently equally divided between preparing sea food by boiling and
cooking it in hst ashes or live coalss The Northern Pomo prepared even
the seaweed for their fegsts by cooking in hot ashes, as well as their
abalone (152).

Another food which was gathered along with shellfish, and which has
not been previously mentioned, was a sea anemone (Cribrina xanthogrammica)e
The fact that this animal was utilized was first pointed out by Loeb in
1926 (153)s Stewart's description of its utilization by the Northern Pomo
bears quoting: "eeealthough extremely soft when removed from the water,
they were found to keep seweral days without spoiling and were wrapped in
leaves and tied with grass and transported fresh into the interior wvalleyse
When cooked and dried they became very hard, but soften when soaked and
warmed againe. As prepared by my informent they had a texture like calves!
brains and, except for the usual 'sea flavor! and the sand which could
not be removed, might have been mistaken for themes Loeb noted their use -
by the Pomo, but they have not been reported for other California Indians
and I find no reference to their use in other parts of the world" (154).

Although this description is excellent, Stewart is in error on the
last point, for the Coast Yuki usage had also been noted by Gifford in 1939,
This latter author describes these people as removing sea enemones from
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tho rocks with u wedge-like abalonc spatule, clecaning the musscls, bar-
naclos, and othor hard objects from thcir cxteriors and intcriors (155),
and cooking them in hot ashes (156)e Further up the coast, thoe modern
Wiyot slice and fry sea anémones. At least onc informent doubtcd, how-
cver, if his pcople used thom in the old days (157)e The Tolowa scom to
have oaten sca ancmonos since before thc coming of the whitec man. At
prescnt they havoe to remove them from rocks with musscl bars, aftcr which
they wash thom in frosh weter, scrap them clean, and ‘broil them on bods”
of live coalse

Still anothcr cooking dovice which was uscd cxtonsively in Culiformic
was tho so-called ourth ovone This device consisted of a pit in thc ground
measuring botwecen one or two foot in depth and one or two feet in diameter,
which was filled with altornate layers of hot stoncs, leaves, and livo
stonose The food was protected from the heated stonos by loeves, which
also sorved to prevent the heat from cscapinge Water was ofton poured
over the stoncs beforo thc live coals were put on; this sorved to stcam
the food as well as to prevont the leaves from burning (158).

In northwestern Colifornia tho Yurok (159), Nongatl, Mattole, Kato,
Coast Yuki, and Sinkyonc used the carth oven for preparing mcat or fish,
and, prosumably, shollfish (160)e Thc Tolowa cooked only shellfish in
the earth ovon, ncver mammals or fishe This was largely truc for the Wi-
yot 3180’ while tho Karok used tho carth owen ospecially for boer moat
(161),

Other specific rofercnces to the usc of the earth oven for shellfish
are rare or entirely lackinges Onc cluc for thc Pomo is givon in an account
which states that shell food was baked covercd with lecaves, coals.and hot
rocks (162)s That other tribes clong the coast possesscd the carth oven
and probably used it for shellfish scoms to bo a rcasonablc assumptiones
Harrington (163) lists thc carth oven as present for seventcon Costonoan,
Salinan, Chumash, Sorrano, Fernandcno and Gabriclino groups, but in only
four instances are the foods cooked in the device rocorded (164).

Dictctic Factors

In the coursc of cvaluating tho importance of shellfish to the Cali=-
fornian Indian, let us consider bricfly somc of thc most essential nutricnt
requirements of Mon and the extent to which the consumption of shcllfish
might satisfy thesce

"Among the verious roquisitcs in the dict, two stond out as being
perticularly neccssary in a qualitative scnse — namcly, protcins and
vitamins (165)s This fact is espoccially truc with rcgard to pooples .
living on & rather narrow margin of subsistcnce — as was thc casc with
tho hunting and gathering eborigincs of Californiae That is, "ncrrow"
in 8 rclative sensc — the food potontial was, to all appearances, wcll
above that actually rcalized, but thc habits of the Indians wore gonerally

82



not conducive to storing foods for more than a few months in advanco of
what was needed from day to day. Conscquontly the groater portion of
their timc was spent in procuring food which was usuclly abundant enough
in its many forms so that Krocber could state, "Both formulatecd and ox-
periential tradition arc nearly silent on actual famines, or refer to
thom with rationalizing abstractions" Furthormore, thc only known cases
(to Krocber) of famine asido from a few truly desert hordes, werc among
the agricultural Mohave living in an oasis, and the Indians of the lower
Klamath who depended primarily on salmon (166).

In discussing the population of prc-conquest central Mexico, Cook
emphasizes the importence of protcins by rostating Linton's thesis, "eee
it is the protein level, not the totcl bulk or calorific lcvel which
limits the growth of populations" (167)e Cook furthor points out the
significant-differencoc between vegetable protein with its high cost of
utilization and lack of essential amino acids, as against animal protein,
a relatively small quentity of whioh can, "so supploment the vegotablo
as to rendoer the diect quite suitable for maintenance and cven growth"
(168)« This contention can bec illustrated by consulting teblcs of nutri-
tional values of food, in which it can boc scon thet slightly larger than
normal portions of warious kinds of shollfish would satisfy the daily
nutritional requiremonts of an avorage men (169)e TWhile it is not sug-
gostod that any Celifornian group subsisted exclusively on shellfish,
roferenco to such tables indicctes that it is wcll within tho realm of
possibility to do so, on a nutritional basise Taking into account the
known consumption of various plant foods it can be seon that those who
gathered shellfish on the coast had a well rounded dict, oven by the most
rigid modern standardse

Beoause mussels were the most numerous shellfish ceton clong most of
the Californian coast, we might discuss thcir utilizetion ot somewhet
greater length. In Bradley's table (170), thc mussels listed arc probably
the east const mussel (Mytilus edulis, which is tho same spocies as the
west coast boy mussel)e A portion consisting of a scant ono-half cup of
moat and liquor (or canncd or cooked solids ) is listed as wcighing 100
gramse 8ince thc east coast waricty of Mytilus odulis is of a sizoc com~
parable to tho average of the west coast Mytilus californionus (171),
which wo oen cstimatc to have o mean woight of about 4 grams for the meat,
this would be equel to about 25 wost cocst scc mussels (172)e« ‘According
to Bradley, 100 grams of cookcd musscl mcat yiclds 182 gme of proteine
As a daily minimum protein roquircment can be set at 30 grams (173) = or
about twicc thet yiclded by one portion of cookcd musscls = only 50 soa
musscls or 200 bay musscls (25 mussols per portion in the table ) would
be sufficient to fill the daily protein ncods of a moderctely active mane
The food tables also indicate that much less than 100 grams of mussels
would be requircd to supply vitoemins Bj, By, and C if, by roasonablo cx=-
pectation, tho vitamin content of mussels is similar to that of cloams or
oysters (174).

An estimatc of the number of clams required to fill the daily protcin
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wents is somewhat difficult because of the variation in size among dif-
ferent speciese Quite often the calculations of food wvalues of clams
have been made for such forms as the east coast round clam, Venus mer-
cenaria or the long (soft shell) clam, Myarenaria (175)s The former

belongs to the same family as the west coast cockle or hard shell clam,
Protothaca staminea, though somewhat larger, while the latter may average
three to four inches in length or somewhat smaller than the west-coast
Saxidomus nuttalliie On the whole we might estimate the mean weight of
clam meat consumed t by the Indians as comparable to that of mussels,
teking into consideration the large forms such as the Pismo, Gaper, and
Washington clams, as well as the smaller forms such as the hard shell
and the bent-nose clams (176).

The protein values given by Bradley for clams are slightly smaller
than those given for mussels; therefore, the mean weights being of the
seme order, from one to several more clams than mussels per day (about
56)y would be required to provide the 30 grams of protein needed.

Certainly the most valuable shellfish of all is the abalones This
was true generally of the shell as well as the meat (177)s For cooked
meat, the protein value of abalone is nearly ten per cent higher than
that of its nearest rival, the mussel. Assuming the amino acids of
abalone to be of the same nature as those given for clams and oysters,
one large or several small abalones would be enough to maintain health
end growth. Thus, one would expect that wherever abalone occurred in
sufficient quantity it would be the main item in the shellfish diet (and
probably in the total diet of the permanent coast dwellers)s That this
was the case at Monterey Bay and south is indicated by the predominance
of abalone shells in many middens left by the former inhabitants (178)e

-Shellfish Poison

Paralytic shellfish poison (3179) has been kmown on the West Coast
approximately one hundred and sixty yearse About 1790 Baranoff is said
to have lost nearly one hundred of his Aleut hunters at once through
poisoning by mussels at Peril Strait (180). Calvin, in analyzing his-
torical data at Sitka found frequent references to mussel poison in
translating the papers of Venieminov and other early Russian explorers
(181). Veancouver lost one man in this manner while others were severely
affected (182).

When modern investigators turned to the problem brought to their
attention by a severe outbreak in 1927, they found evidence that the
phenomenon was not new, but rather, a more severe manifestation among
human beings than had been formerly experienced. Various accounts of
animal end humen fatalities after eating shellfish previous to 1927
were brought together, and certain regularities among these accounts
were found to fall into a pattern of symptoms we now know are char-
acteristic of the poisoning (183).
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In the past twenty=-three years there has been no little concern by
west coast inhabitants over the. occurrence in shellfish of a most
potent poison (184). This agent had caused 243 reported cases of human
poisoning up to 1936 of which sixteen of the victims died (185)s

Cognizance of the possible importance of shellfish poisoning to the
Indians was taken in the first modern scientific report dealing with
the problem (186). The importance of that reference is such that it is
well worth quoting in fulls "From time immemorial it has been the custom
among coast tribes of Indians, particularly the Pomo, to place sentries
on watch for Kal ko-o (mussel poiaon)o Luminescence of the waves, which
appeared rarely and then only during very hot weather, caused shellfisgh-
ing to be forbidden for two days; those eating shellfish caught at such
times suffered sickness and death (personal communication from Dre. John
W+ Hudson, Ukiah). According to a report, a band of Indians died about
fifty years ago from eating mussels gathered on the Mendocino Coast
during the month of August"(187)s The first ethnographic report to con-
tain information gathered from Indians on the subject was the Culture
Element Distributions on the Pomo, published in 1937 (188)s This was
followed in 1939 with a paper on the Coast Yuki by Gifford, who reported
not only the results of interrogation of informants, but also gave a
summary of the latest scientiflic data on shellfish polson obtained direct=-
ly from the late Dr. Herman Sommer, the foremost authority on the subjecte
In 1939 Driver'!s Culture Element Distribution list on Northwest California
appeared with notes about the poison in that areae That inquiry into the
problem had become somewhat standardized -in the culture element checklists
is evidenced in the two which were published in 1942 (189).

In order better to evaluate the ethnographic date regarding shellfish
polsoning it might be well to inquire into the nature, distribution end
possible antidotes to this lethal peril.

The toxic substance in shellfish has been identified as being closely
associated with a species of marine plankton (dinoflagellata) Gonyaulax
catenella, which the shellfish ingest as food (190)e The nature of the
association between this dinoflagellate and the poison it contains has
not yet been entirely worked oute Apparently all organisms of the species
contain the toxin,and when the species multiplies to a sufficient popula=
tion in the water the concomitant amount ingested by plankton feeders
grows (191)s These latter animals are not in the slightest affected by
the toxin, bt apparently thrive on the inérease of their focd supply,
store the poison in their livers, and excrete it slowly back into the
waterae

If the shellfish should be oconsumed by a warm-blcoded animal before
?he goison has been excreted, symptoms of poisoning are liable to follow
192 ).

’

A concentration of Gonyaulax reaching approximately 1,000,000 per
liter causes the surface of the water to assume a reddish brown coloration,
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and "when the concentrution reuches 20 to 40 million cells per liter,

the ocean is a deep rust-red by day and brilliantly luminescent by nighte.
High concentrations of certain non-poisonous marine plankton orgenisms
may also appear as 'red water'" (193).

The toxin itself is described as " a highly poisonous amorphous
product of basic nature™(194)e. Choline and trimethylamine are-two of
the known constituents, while a third has been isolated but not identi-
fied (195)s About one millionth of a gram (i.e. one microgram) of the
extracted poison is sufficient to kill a twenty gram mouse (196), while
a few milligrams are fatal to mene In California a quarantine on shell-
fish is effected when a toxicity reaches two milligrams per 100 grams
of whole shellfish meat (197)e In Canada where paralytic shellfish poi=-
son has occurred on both the east and west coasts, the toxicity is mea-
sured in terms of "mouse units"(198)e. One mouse unit is defined as that
amount of the pure poison which will kill a twenty gram mouse, (or about
one microgram; cfe above)s The quarantine level was set in 1944 at 400
mouse units per 100 grams of whole shellfish meat, this amount being com-
parable to the two mge level set for California (199)e That this quar=
antine level is perfectly safe is proven by the fact that it takes 2000
mouse units to produce symptoms of the podson in & human being, whils
10,000 produce mild symptoms, an intake of 25,000 mouse units will cause
severe paralytic indications in the victim (200).

Repeated observations as to the manifestation of shellfish poison
in man and other mammels all concur in that the characteristic reaction
is similar to that described by Kellaway (201)s It reacts as, "a power-
ful neurotoxin with both central and peripherul actions. In sufficient
dosage it paralyzes the respiratory centersseThe respiration rate is
slowed but there are increased motor discharges from the center similar
to those occurring in esphyxia, due partly to the fall of blodd pressure
caused by the poison and partly to its powerful cuarizing actionseeThe
poison paralyzes motor and sensory nerve endings and is active in very
high dilutionse In stronger concentrations it abolishes conductivity
in nerves" (202), -

That the poison is most often concentrated in livers of shellfish
has been repeatedly demonstrated (203), although some is found in or=-
gans in the viscera such as the gills (204)s Most of the investigators
have found that, "the muscular tissue (white meat) of the shellfish
does not contain much poison" (205)e One notable exception to this
general case wes found by a Canadian investigator who demonstrated that
the poison was concentrated in the siphons of butter clems (Saxidomus,
probably Saxidomus giganteus)(206).

When diligent research on the problen of shellfish poison got under
way it was soon found that most of the species affected were to be found
on the open coast and that clams ond mussels in enclosed bays could be
considered safe for human consumptione While this is generally true,
species living in bays near the entrances are susceptible, for evidently
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tho Gonyaulex is carried in by the tidal currents. In Bodega Bay, for
example, where some of the best clam beds are not far from the entrance,

at least.four species have been shown to contain the toxin, (i.ee Saxidomus
nuttallii, Schizothaerus nuttallii, Protothaca staminea and Macoma, spps)
{207)+ Thore 1s only ono case on record of an imnner bay mollusk being
affected by paralytic poison, viz., Modoilus demissus, an introduced form;
a sample from near San Raphacl in San Francisco Bay showed .the toxin pre-
sent in this mussel (208). '

Open west coast mollusks other than Mytilus californianus that have
been noted as oontaining the poison arc the razor olam, Siliqua patula,
the Pismo clam, Tivela stultorum, and a rock boring clam only occasionally
used for food, Pholadidoa penita (209)s Species which have not been affect-
ed include tho abalone, the west coast oyster, Ostrea lurida (as woll as
introduced species of oysters), the basket oockle,gaTinqgardium nuttallii,
and the introduccd soft shell clam Mya arenaria (210)., 1t might also be
added that, "clams bocome dangerous only when mussels reach exceptionally
high toxicity" (211).

With the domonstrated virulence of paralytic shellfish poison in mind
the question arises as to how the Californian Indians dealt with the dangere
The fact that most of the people who subsisted largely on shellfish ate a
preponderance of sea mussels must, somochow, be reconciled with the fact
that this mollusk was also the most consistent carrier .df the fatal toxin.

Although scientific knowledge of the phenomenon has been accumulated
only recently, the occurrence of shellfish or mussel poisoning has long
been known to the inhabitants of both the East and West coasts (212),
and probably to the Indians of Californias

The ethnographic information of Californian Indians with regard to -
the subject is quito meager and inadequate, although most coastal tribes
are covereds In tho north the Tolowa, Yurok, Wiyot, Chilula, Mattole,
Sinkyone and Coast Yuki were found to admit knowlodge of mussél poisoning
(213)e Tho Tolowa ate woodpecker tongues to cure it while the Wiyot
supposed that long cooking would remove the poison which was never severe
but usually left a rashe Tho lattor also believed that mussols taken high
up on rocks when tho sun and moon shone were the only poisonous ones (214),
and that mussels were not very good whon therc was- "fire on the water,"
iees, when it was luminescent (215).

Several intereosting beliefs of tho coastal Yurok regarding musscl
poisoning wero recently rocordede One informant said that mussel poison-
ing was thought to be a disease which comes toward the fall of the year
when salal berries get ripe (216)e When there was "lots of light"
(luminescence) on the breckers, then they knew that mussels wore bads.
Clams and orabs were also regardcd as unfit at such timose What is moro,
salal berries facing the ocean could not be caten although those on the
landward side of a hill away from the ocean were all righte If they heard
about musscl poisoning but did not sec any luminescenco on the waves, they
would tost the mussels by rubbing the meat of fresh mussels on their hands.
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If the hands grew numb, they knew that tho poison was present (217).

Selal berrios are featurcd in an account of musscl poisoning by ano=
ther Coast Yurok informante One time some peoplo came to the mouth of the
Klamath to gather musselse This was when tho salal berries wore ripee
During the night one of the children got sick and diede The people knew
?hat)the death was couscd by mussel poison for the water glowed at night

218)e '

In another story it was rclated that there had formerly beeon a belicf
that if a person died from mussel poisoning, mussels would grow from his
mouths However, the custom was to bury the dead on the day they succumbed
so that this belief could not be werifiede The informant!s mother had
seen only one person die of mussel poisoning, and had gone to the funcral
of the decoased, at which she was able to got a view of the corpsee There
were no mussels growing from the dead porsonts mouth, which fact was duly
relatod to the rest of the people, thus exploding the myth (219).

The Mattole said that poisonous mussols occurred only in certain
localities and never at the mouth of the Mattole Rivers One of the
Sinkyono informents reiterated the opinion that mussels low on the rocks
were not poisonous, and the Coast Yuki thought them toxic only in the
month of Auguste Besides this latter view (220), tho Coast Yuki also
believed that the deeper occurring mussels which had to be dived for wore
safe, and pcople would never be poisoned by driecd mussels (221)s One in-
formont told the ethnographer, “there was more poison in mussels formorly
than today, and that Indians often died of mussel poisoning" {222)s The
basis for this statoment was pointed by Gifford in his comment that pro=-
bably the poison was more manifest formerly because of a greater per
capita oonsumption of mussels thon than thero has been by recent inhabiw-
tents of the areae

Gifford and Kroeber found warious Pomo informants differing on the
question of knowledge of mussel poisoning (223)es While four Northorn Pomo
informants affirmed such knowledge, one denied ite One of those answering
affirmatively said, "When clouds turncd rod at sundown, occan mussels wero
poisonous" (224)e Stewart records that a Northern Pomo admitted knowledge
of mussal poisoning but denied any deaths from it because tho only mussels

athored wore well washed by waves, and nover exposcd even at low tide
%225)0 Of the Central Pomo, two informants knew of the phenomenor, but
enothor did not (226)s One of the former added that they were poisonous
only when exposed to the sun, but those in a lower, shaded or underwatcr
position at low tide were thought to be nonpoisonous (227)s The Southwes-
tern group of this people knew of its occurrence but the three eastern
bands were not aware of the toxin (228)s The latter pooples lived quite
far from the ocean and undoubtedly visited the coast but infrequentlys
Howevor, the Kato and Yuki, also inland groups, had knowledge of mussel
poisoning (229).

Along the south central coast the only ethnographic information is
the culture element list of Harrington which contains uniformly negative
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rcplies about musscl poisoning and these only from one Salinan, and five
Chumash informants out of a total of eighteen (230)s While it is truo
that more of the recently recorded cases of this poisoning occurred on the
central and northern California coasts, a fow outbreaks have been noted as
far south as Ventura County (231), so thoro is some reason to believo that
the phonomenon must have visited tho southern ocoast in aboriginal times &
alsos L

One theme in particular seems to recur in tho Indianst! cccounts of
this poisoning, that is, oven during times when mussels werc known to
contain poison, they were gathered from bolow the low tide mark by diving
for thome While we must assume tho veracity of the data, it is difficult
to reconcile these accounts with the faots as brought out by modern scion-
tific invostigations Sommer and Moyer (232) pointodly dispel some of the
popular fictions regarding the toxin; in particular they stato, "Tomporary
exposuro to the sun does not harm living mussels nor does it make thom
poisonous," again, "Musscls below the tide line aro, if anything, more
poisonous than those above the water."

'Ffom_thase statoments wo can only conclude that there is no known
moans of gathering shellfish from Gonyaulax infested waters that will
lossen the danger from the poisone

We have seen that in shellfish the toxic substanco is concentrated
in the digestiwo organs, espocially the livere If thesc organs are removed
ond only the muscular tissue consumed, chances aro usually good that no
i1l effeots will be sufferede But, there is no evidence whatsoever that
tho Indians separated the viscera from the muscle tissuo in shellfish, for
evon modern Caucasians eat mussels and othor shellfish wholee Although
it is possible to destroy the poison by boiling it with on alkali (233),
again there is no evidence that the Indians ever troated shollfish by
such a processe Of oourse drying in no way affects the poison, and weo
hawve scen that the usual way of preparing fresh shellfish was probably by
broiling thom on an open fire or by simple stone boiling (234).

As for tho possibility of en acquired immunity to shellfish poisoning,
pharmacological evidenco indicates that it is impossible for human beings
to build up immurities to alkaloid poisonse Furthermore, in exporiments
porformed in the course of analyzing paralytic shollfish poison, some
animals wero injected with non~fatal doses and ‘recovereds They were
agoin injected, but with fatel doses and showed all the symptoms which
could be anticipated for animals not prcviously subjocted to tho toxine

The observation that apparently coastal dwellors wore less affccted
by toxic shellfish than were inland people who ate thom less frequently
was mode by a pair of Canadian investigatorse They suggested that the
coastal people had built up immunitics to the toxin, but such c¢videnco
was noegated by their own datas Speaking of pcople of fishing communities
on the oast coast of Canada, Gibbard and Naubort (235) tell that inhabi-
tants know from old traditions of the dangers of eating poisonous mussels
ond that they know the poison is confined to certain localities (geographi-
cally)e "They have oven acquired food habits that afford a certain dogroe
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of protectiones Thoy will eat, for instance, only the adductor muscloc of
scallops, the rim boing considered poisonouses Othors eat the *red roe!

or 'coral'! as tho ovary is called, and regard all other parts of the rim
os unfit for foode The allergic form of musscl poisoning has occasionally
added confusion in identifying outbreaksseeMore froquent illness among
human beings is apparently provented by the food habits of the peoplo in
the fishing communitios and their traditional knowledgs of the dangers in-
volvodeseIlt was also found that thore were many who ate toxic shollfish
without i1l offectse Thoso ocases worc of particular interest.sihco they
indicatod o degroe 2£_humnn resistanco to the poison (236)s This was
found ospocially omong inhabitants of shore communiticse Most of the suf-
forers wore among nonresidents of theso communitios such as picnickers,
for whom shollfish werc not a habitual itom of diet."

The conclusion reachcd by the authors seems unwarranted in the face
of the evidence that the permanent coastal inhabitants knew how to eat
dangerous shellfish, whoreas inland, occasional shellfish eaters did not
have this knowledgee The authors themselves have shown that by removing
the viscera, practically all of the poison would be removed from the shelle
fishe

A similar situation is montionod by Sommor and Meyer (237) which
corroborates the point made heres; "Cn the weck-end of July 4, 1932 at
Bodega Bay there were in tho posscssion of wvarious eating places in this
neighborhood large quantities of strongly poisonous Washington clams,
which wore servod to the weeck-ond guests without ill effectse Poisoning
occurrcd in two visitors from the interior valleys who dug and propared
their own clams and probably were not too familiar with the proper pre=-
paration of such sea foode The third victim was a local resident who ate
throe raw clams while digging."

The relationship of shellfish poisoning to the food habits of the
Californian Indians can be summarizcd as follows: Tho seasonal gathering
pettern of most of the inhabitants of tho coast and hinterland brought
them to the shore largely during tho months of April through Octobere It
was within this period that toxic shellfish were a serious throat, espoci-
ally during mid-summer and early falle Apparently some groups rightly
corrolated presence of the fatal toxin with luminescence of the water and
refrained from eating shellfish at such timese However, it is cqually
apperent that, although they may have recognized the presence of tho poison,
a large number of Indians falsely belicved that mussels gathered from
below the low water mark were safce This belief was bolstered by the fact
that shellfish were safe most of the yeare Gonyaulax multiplies to dane
gerous proportions only once cach summer and then only for a short period
in quito localizod arease During such occurrences, those Indians who did
not refrain from eating shellfish must have succumbed from the offcots of
the toxine
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SUMMARY AND CONCLUSIONS

Ethnological and archagological ovidonce indicatt that all coastal
Indians partook frecly of shellfish, an aebundant' and ocasily gatherod foode
Thore were, however, differonces in emphasis on shellfish by various groups
up and down the coaste For somo, such as the Coast Yuki, Bokoya Pomo (of
Point Arena), Coast Miwok, and probably most of the Costanoans, this re=
source was & staplee Othors, among whom wore the Tolowa, Yurok, Wiyot,
Mattole and the Chumash, ate large amounts of shellfish but did not depond
on thom to the oxtent that the above mentioned tribes dide Those differ-
ing omphases have both cultural and occologionl cxplanationse All of tho
latter groups had larger food resourcos open to thom because they possos- -
sod soa=going canoos which enabled thom to hunt sco mammals as woell as to
visit outlying rocks for mussels. In addition the Chumash in the south
practiced marine fishing from thoir plank conoose

On the northwostern coast tho bulk of the population was concentrated
along the oxcellont salmon streams inoluding tho Smith, Klomath, Mnd, Eel,
Boar and Mattole rivorse Thore wore a fow permanont villages scattered
along tho coast betweon the mouths of those rivers, and their inhabitants
probably ate as much shellfish as othor meat for their protein roquiremonts,
Tho Pomo speaking groups considerod as a whole sharcd as wide o warioty of
ocological conditions as any other Californian peoples Probably thoseo
along the Gualala and Russian rivors concontrated mostly on sclmone Wo
have ovidence that at the mouth of tho Garcia Rivor (near Point Arcna),
tho Bokeya Pomo depended mostly upon shollfish, although salmon wore token
whon availablce

Molluscan fauna in inland bodies of wator was utilized to its fullost
extent, but nowhere did this supply occur in the abundance nor assume the
importance that it did on thc coaste

Tochniques utilized in gathering shellfish were not very involwode
The tool most employed in gathoring zlems, mugscls andnabalonos was ossen-
tially the digging stick, sometimes modified by flattening the ende Crabs
and crayfish wore, at somc places, captured in basketry traps very similar
to modern crab potse Ofton many of the spocios of shellfish wore taken by
hand without the aid of implementse

Mothods of proparation too wore very simples Much of the shollfish
gathorod was preserved for future use by drying, either precooked.or rawe
Dried shollfish moat was usually soaked in fresh water and boiled bofore
being consumede Raw shollfish were mostly broiled on an open firee Stoneo
boiling and baking in hot sand werc also often rosorted tos The earth oven
was omployed for preparing these animals to a significant oxtont in northe
woestorn Californiae

Shellfish arc so high in nutriont value that as few as fifty modium
sized soa mussols would fill the daily protein requirements of a moderatoly
activo mane Somewhat larger quantities of clams or crabs would fill theso
noeocdse
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Paralytic shellfish poisoning was most likely fatal to a good numbor
of Indions who ate shellfish at the places and during the times that the
toxin was presents
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Gifford (1938).
See Rostlund (1952) for a studv of primitive fishinr in California.

The word "shellfish" is hers used tecause some echinoderms and
crustaceans are included as well as mollusks.,

Followine Ricketts and Calvin (194R).

See pages 82-84 for further discussion of size, numhaers, and
nutritional value.

A vorv similar svecies, Mvtilus edulis, which has been used ex-
tensivelv along tha Atlantic shora, as well as in shelterad bavs on
the Pacific coast, is discussed in Field (1924).

According to Bonnot (1948, p. 146), svecimens of Haliotis rufescens
sometimes attain a diameter of twelve inches.

Bonnot (1948, ». 143).
Keen (1937, n. 36).

Bonnot (1948, p. 143) discusses seven svecies as havine commercial
or snort value at the prasent tims.

Fitch (1950, p. 286).

Fitch (1950, p. 290).

Ricretts and Calvin (1948, n. 38).

Ricketts and Calvin (1942, n. 38).

Ricketts and Calvin (1948, p. 62).

These two specias can be reached at low tide. Cancer marister,

the present-day market sneciss, mayv have been taken occasionally,
but rarelv occurs in the inter-tidal zons.

After Keep and Raily (1947, nn., 67=71).

Such an occurrance has *sen recentlv noted in a cave in the
Sierra Nevada foothills (Ama-3) bv R. F. Heizer.

Stearns (1282, p. 3).
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Shelter Cove, Humboldt Countv, is reported to contain rreat
quantities of land snails (Helminthorlvpta arrosa). Personal
communication from Allyn G. Smith,

22, Gifford (1939, oo. 329-330).

23. 6ifford (1939, pb. 326). See below for a discussion of the distetic
factors (pares 82-84)e

24, Drucker (1937, »n. 232).
25. Drucker (1937, vo. 231) and Greenco (ms., p. 20).

26, That this was the case was stated to the writer by both a Wiyot
and a Pomo informant (Greenco, ms., vo. 12, 10).

27, Mifford (1939, op. 304-306). This pattern involved a notice of
intention to visit, an ac~aptance of notice or invitation, and a
reciprocal visit by the coastal neople to the inland peopls.

28. Fniffen (1939, n. 365).

20, Pilline (1950, n. 438).

30. See page 67s

3l. Californian rroups on record as havine taken sea urchins include:
the Bear River vneonle (Nomland, 1938, n. 113); the Coast Yuli
(#ifford, 1939, p. 328);the Pomo (Loeb, 1926, n. 164;: and Stewart,
1943, n, 60); and the Coast Miwok (Kellv, ms.).

32. Boas (1921, on., 154, 488),

33. Druclker (1950, ». 204).

34, Driver (1936, n. 184),

35, See pagecs67.

36. YNomland (1935, n. 154).

37. Greenro (ms., n. 18).

38. See nage 68

39. FKelly (ms., T-2, 15h).

40. Mcfee (1898, p. 195).
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4lo
42,
43
444
45e
46,

474

48,
49,
504

5le

524
53
540
554
564
57

584

590

606
6le

62

63e
64,

654

Gifford (1939, pe 325)e

Loeb (1926, pe 164) and Stewart (1943, pe 60),
Loeb (1926, pe 164).

Boas (1921, pe 505).

Boas (1921, pe 500).

Wilkes (1845, ppe 188-189)e

Powers (1877, p. 23%), Kroeber (1932, ppe 278=279), Du Bois
(1935, pe 18).

Powers (1877, pe 233)e

*Loeb (1926, pe 164)c

Driver (1936, pe 184); Barnett (1939, ps 234)

Keok, generic of digging stick; Kulule, a stick for this particular
animale

Kelly (mse, section 2:31).

Greengo (1951, Table I, pe 24)e

Driver (1936, pe 184)e

Kelly (mss, section 2:30).

Kelly (mse, sections 2:30, 2:31, and 5142).

As above, and in section 2331,

Kelly (mse, section 5:142).

Kelly (ms., T=2, 15b)o

Kelly (mss, T-2, 15b)s

Greengo (mse., ppe 11, 13).

The chisel=-like implements made of whale ribs described from the
Santa Barbara area may have been used to loosen abalones; see Abbot
and Putnam (1879, pe 229) and Heye (1921, ppe 80-81).

Ricketts and Calvin (1948, ps 60)e

Kelly (mse, section 2:32).

See above for mussel sticke
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87.
68,
69.
70,
71.
72,
73.
74.
75.
76,

77,

78.

f1.
82.
83.
"4,

85.

86.
87,
88.

89.

Telly (ms., s2ction 2:32).
Gifford (1939, pp. 337-33F).
Boas (1921, ». 1°1).

Probabhlv ¥atherina tunicata.

Boas (1921, o. 4R0).

Greengo (ms., pn. 15, 16).
freenro (ms., p. 19).

Ray (1938, v. 112, figs. 13a,t).
Driver (1936, v. 184),

Drucker (1941, n._17;).

See p. 73,

McGee (1898, n., 195). Accordine to this author, shellfish were
estimated to comprise 10% of the total food suonly.

McGee (1898, n. 195). By shell-cupn, the anthor means any handyv
shell that was used as a scoop.

See pe 67e.

Rickatts and Calvin (1948, p. 80ff.).
Nomland (1935, o. 154).

fifford (1939, ». 325).

Driver (1936, =». 185).

Barnatt (1937, n. 165).

See Loeffelholz (1893, bp., 137-138, 163) for a #o00d descrintion
of Yurok snearine crabs.

Greenco (ms., ». 11).
Greenso (ms., n. 19).
Loeb (1926, p. 165).

Stewart (1943, o. 60).
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90.

S1.
92.
93.
04,
96.
96.
97.
98.

99.

100.
101.
102,

103,

104,

106.

106,

107.

108.

This trait is mentionad for the Chimariko of northwestern California
(Driver, 1939, p. 379).

Driver (1939, p. 379).
Ricketts and Calvin (1948, p. 107).
Driver (1939, pp. 313, 379).
These vots were also used for crayfish,
Greengo (ms., n. 20).
freanco (ms., p. 13).
Greenro (ms.( n; 10) énd Stewart (1943, n. 80).
Ricketts and Calvin (1948, vo. 240).
Jochelson (1925, pv. 106). This author rives a ~ood dascrintion
of how the present day Aleuts rather and nrapare echini (pp. 106-
107).
.Sae pvage 71, footnote 3l.
freenro (ms., n. 12).
Driver (1936, p. 1lR4).
McGee (1898, p. 195).

Samnle (1950), Pilline (1950, nn., 438-439), Greenro (ms., p. 18),
and "fifford (1939, np. 304-306).

Driver (1939, o. 375) and Greenro (ms., n. 18). A present dav
Hupa informant declared all food from the sea had to te eaten
cooked, not raw. This is not to say, however, that fresh shellfish
were not carried lone distances inland. Tha Godard Mound (Map-1),
for example, is almost ten miles from the nearsest mussel habitat,
vet contains a consideratle quantity of Mvtilus sh8113° this is
also true in the Pomo area-—versonal ohservatlon.

fireanro (ms., p. 19). Dructer (1937, p. 232) states that in
the summer the Tolowa ~athared shellfish and smalt and hunted

sea lions 2lone the beach, and cured these in the sun.

Grasngo (ms., n. 15).

That mussels were the staple food of at least one historic Yurok

village, Tsurai (Hum-169), is well documented in Campa (1952, p. 43),
Shaler (1808, p. 69), and Loeffelholz (1893, nn. 178, 140, 162).
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109,
110,
111,

112,

113,
114.
115,
116,
117,

118,

119,

120,

121,

122.

123,

124,

125,
126,

127,

freengo (ms., pp. 13, 15).

Greengo (ms., p. 12).

Nomland (1938, p. 113).

Of the Sinkyone, Nomland says that among other types of se@food,
clams, mussels, and abalones were sun dried for the winter, but he
does not elaborate on the process involved—Nomland (1935, p. 154).
Gifférd (1939, p. 315).

Gifford (1939, p. 315). See also the discussion of shellfish poisone.
This latter element is mentioned by Stewart (1943, p. 60).

Greengo (ms., p. 10).

Harrington (1942, p. 9).

Kroeber (1925, p. 467). This author states: "Mussels, whose shells
constitute so large a proportion of the mounds of Sen Francisco Bay
end the coast, are specifically mentioned as an important food of the
Costanoans." Dodge (1914, p. 120) mentions, in connection with a
shell mound near Santa Cruz containing mostly mussel shells, that,
"01d timers tell me that the Indians used to come from the hills to
this place, gather and cook shellfish, and throw the shells on the
heap; at this time the mound was about 20 feet hieh,"

Harrington (1942, p. 8).

Woodward (1930, p. 1086).

Woodward (1930, p. 106).

For accounts relating to sea mammals and their imnortance, see Spott
and Kroeber (1942) and Kroeber (1925, p. 84),

Spobt and Kroeber (1942), Kroeber (1925, p. 84), and freengo (ms.,
ppe 13-17).

fireengo (ms., ps 20). They are also said to have been stored in
baskets between layers of dry grasse

Gifford (1939, p. 315).
Gifford (1939, p. 315).

See data for "Hunting" and Canalino periods in Rogers (1929).
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128,
129,
130,
131,

132,

133,
136,

137,

145,
146,
147,
148,
T49,
150.
1561,

152,

Reid (1852, letter No. 5).

Roedel (1948, p. 41).

Greengo (ms., p. 11).

Gifford (1939, p. 327).

Clement W, Meighan (personal communicetion), This is at variance
with what Gifford and Kroeber (1937, p. 178) found emong the Central
Pomo at Ukiah, who asserted that only seaweed and no mollusks were
dried, See also Stewart (1943, p. 61) for Pomo drying of chitons,

Loeb (1926, p. 192)s

Driver (1939, pp. 315, 381) and Drucker (1937, p. 234),

These were probably  Gonidea angulate==Allyn C, Smith, marine biolo-
gist (personal communication).

Gibbs (1860, p. 158),
Du Bois (1935, p. 18).
Powers (1877, p. 235).
Powers: (1877, p. 430).
Kniffen (1939, p. 365).
Latte (1949, p. 253).

See page 77 for a desoription of the process as applied to mussels,
clams, and barnacles,

Greengo (ms., pp. 18, 19).

Greengo (ms., pp. 11, 18).

Greengo (ms., pp. 13, 17)..

Greengo (ms., p. 18).

Gifford (1939, pp. 315, 325-328).

Nomland (1938, p. 113), Apperently they were ‘usually stone .-boiléd. .
Driver (1939, p. 315).

Loeb (1926, p. 192) and Chastnut (1900, p. 299). See also page 80.
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153.
154,

155,

156,
157.

158,

159,

160.

161,

162,
163.
164,

165,

1686.
167,
168,
169,
170.

171,

172.

173,

Loeb (1926, p. 164).

Stewart (1943, p. 60).

While their effect on man is not known, these animals have one of
the fastest enzymic actions on their food known in the animal world,
Ricketts and Calvin (1948, pp. 30-31). .

Gifford (1939, p. 328).

Greengo (ms., p. 13).

A description of a Coast Yurok earth oven may be found in Greengo
(ms., p. 22).

The Yurok used it for sturgeon roe (Greengo, ms., p. 15).
Driver (1939, p. 315).

Driver (1939, p. 382)."

Kniffen (1939, p. 387).

Harrington (1942, p. 9).

These are vezetable.

Cook (1947, p. 46). Linton (1940, p. 33) emphasizes proteins and
fats.

Kroeber (1925, p. 324).

Cook (1947, p. 46).

Cook (1947, p. 46).

Bradley (1942, pp. 24, 25, 144-148, table 37) and Faust (1947).
Bradley (1942, pp. 24, 25, 144-148, table 37) and Faust (1947).
About 3% to 4 inches long, as illustrated by Bonnot (1940, p. 218,
fig. 84), and as determined by measurement of specimens from middens
by the author,

The mean weight of the meat of the west coast bay mussel, as deter=~
mined by Cook (1946, p. 52), is 1.065 grams. The weight of the meat
of the west coast sea mussel can conservatively be estimated to

average 4 times that of the bay species.

Personal communication from S. F. Cook,
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174,

175,

176.

177.

178,

179,

180.

181.
182.
183,

184,

185,
186.
187,
188,
189,

190.

191.

Vitamin A is most abundantly supplied by such sources as fish liver
oils or fish rose.

See Taylor (1942) or Winton and Winton (1937) for exemple..
The bent-nose clam (Macoma nasuta) averages about 2 inches in length,

and was the most important clam in San Francisco Bay ‘'shell mounds,
See Greengo (1951).

Exocept, of course, during the late Central California Horizon, when
the shell of Saxidomus was made into disc money.

Jones (ms.), Fisher (ms.), and Pilling (1950, p. 439). Also per-
sonal observation,

This is its present name., It is also often referred to as mussel
poison because these animals carry it in the greatest quantities.

Gibbard and Naubert (1948, p. 550) cite the Washington Exploration
Quarterly (18, p. 284). See also Hrdlicka (1944, pp. 84-85) for
translation of account of Davydov of Aleuts dying from this cause.
Ricketts and Calvin (1948, p. 120).

Vancouver (1798, pp. 285-286).

After Meyer, ot al (1928, p. 365 f£f.).

Muller (1935, p. 88). Shellfish poison belonrs to the class of
alkaloids including strychnine, muscarine, and aconitine (Sommer and
Meyer, 1941, p. 621; Fowler, 1943, p. 228), and according to Muller
"it is considered the most potent chemical poison."

Sommer and Meyer (1937, p. 561).

Meyer, et al (1928, p. 268).

Meyer, et al (1928, p. 368).

Gifford and Kroeber (1937).

Essene (1942, p. 4) and Harrington (1942, p. 8).

"Paralytic shellfish poison was definitely demonstrated for the
first time in plankton residues in July 1933" (Sommer, et al, 1937,
p. 553).

There is a direct correlation between increased water temperature

in the summer and high plankton count. For an excellent discussion
of plankton, see Ricketts and Calvin (1948, pp. 255-268).
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192, Fowler (1943, p. 228).

193. Rierel,et al (1949, ». 7).

194, Muller (1935, p. 88). Also see endnote 184,

195. Riesel, et al (1949, p. 11).

196, Sommer and Meyer (1941, p. 621).

197. Gibbard, et al (1944, p. 91).

198, The Canadian east coast poisonings have been traced to another

species, i.e., Gonyaulax tamerensis (Gibbard and Maubert, 1948,
po 552).

199. Gibbard, et al (1944, p. 91).

200, Gibbard and Naubert (1948, p. 551).

201, Kellaway (1936).

202, Kellaway (1936). Other deseriptions of effects of the poison may
be found in Mever, et al (1928), Meyer (1931), Prinsmetal, et al
(1932), and Covell and Whedon (1937).

203, Soe pace 85, and also Sommer and lfever (1937, p. 574), Gibbard and
Naubert (1948, p. 552). .

204, Gibbard and Naubert (1948, p. 552).

205. Sommer and Meyer (1941, p. 621) and Gibbard and Naubert (1948,
p. 552). The latter found that for scallops (probably Pecten ir-
radians), "there was never any trace of poison indicated in the

adductor muscle," the only part of that species commonly eaten.

206. Gibbard and Naubert (1948, p. 552) refer to Pugsley (Fish. Res. Bd.
Can. Prog. Rep. Pacific Station, Vol. 40, pp. 11-13, 1939),

207. Sommer and Meyer (1937, p. 575) and Smith and Gordon (1948, p. 164).
208, Sommer and Meyer (1937, p. 575) and Smith and Gordon (1948, p. 164).
209. Sommer and Meyer (1937, p. 575) and Smith and Gordon (1948, p. 164).
210, Sommer and Meyer (1937, p. 575).
211, Sommer and Mever (1937, p. 577).

212, Gibbard and Naubert (1948, p. 550), and page 84 abova.
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213,
214.
215,
216,

217,

218,
219,

220.

221,
222,
223,
224,
225,
226,

227,

228,
229,
230.
231,
232,
233,

234,

Driver (1939, p. 310).

Driver (1939, p. 310).

Greengo (ms., p. 12).

They ripen about the first of August.

This informant was born at Gspew (Gold Bluff), .and has lived be-
twoen there and Stone Lagoon all her life. Sho and her husband
were encamped at the bar across the mouth of Redwood Creek, drying
surf=fish snd consuming shellfish in what was apparentlv a survival
of the old summer pattern. Ses Greengo (ms., p. 16).

Greengo (ms., p. 14).

Greengo (ms., p. 14).

Driver (1939, p. 376), corroborated by Gifford (1939, p. 326). ' Sae
elso page 85 for the Pomo treditions in this regard, ‘

Gifford (1939, p. 315).
Gifford (1939, p. 315).
Gifford and Kroeber (1937, p. 136).
Gifford and Kroeber (1937, p. 178).
Stewart (1943, p. 60).
Gifford and Kroeber (1937, p. 178).

Gifford and Kroebor (1937, p. 178). A more recent Pomo informant
knew of one man having died from the poison (Greengo, ms., p. 10).

Gifford and Kroeber (1937, p. 178).
Essene (1942, p. 4).

Herrington (1942, p. 8).

Sommer and Meyer (1937, pp. 560-561).
Sommer and Meyer (1941, p. 655).
Sommer and Meyer (1941, p. 621).

On pages 77=79 abova,
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235, Gibbard and Naubert (1948, pp. 550-552).
236, Underlining mine.

237. Sommer and Meyer (1947, pp. 574-575).
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