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NORT
INDIAN ART

BY FREDERICK J. DOCKSTADER

This article is adapted from a lecture given by Dr. Dock-
stader at the opening of the exhibit of Northwest Coast
Indian Art in the Caspary Auditorium Gallery. Most of
the objects in the display — which will continue through
June 1966 — are on loan from the Museum of the Ameri-
can Indian, Heye Foundation, of which Dr. Dockstader
is director. These masterpieces represent a rich variety of
characteristic sculptural forms in wood, bone, horn, and
stone. Some of them have rarely been displayed outside
the Museum, which houses the largest collection of Amer-
ican Indian art in the world. Dr. Dockstader is himself
a practicing silversmith, having been introduced to the
craft during his years as a youth on Navajo and Hopi
reservations in the Southwest; several art museums have
since awarded him highest honors for his work. He is also
a member of the Indian Arts and Crafts Board of the
U.S. Department of Interior, and author of a number of
books including “Indian Art in America,” 1960, “Indian
Art in Middle America,” 1963, and a study of Hopi reli-
gious life, “The Kachina and the White Man,” 1954. Dr.
Dockstader — a strong advocate of increased recognition
of Indian peoples—also compiled and edited the pioneer-
ing work, “The American Indian in Graduate Studies.”

WEST COAST

ALTHOUGH THE ART of the Indian tribes living along

the Northwest Coast of America is known to many
readers of the Review, the influences which have {
shaped it and the story of its development may be
less familiar. This article focuses on some of the ma-

jor factors which have given this art such a distinc-
tive character.

The Northwest Coast Indian groups are unique in ot

America. In contrast to the Indian tribes of the rest
of the United States, these peoples enjoyed a long pe-
riod of relative isolation. But their culture —lacking
much of the hardship so common to the more south-
erly Indians —more closely paralleled the culture of
the White man. The Indians of the Northwest Coast
were more capitalistic, more industrialized, more
realistic, and less mystical than almost any other
Indian group; thus their system of values and divi-
sions of labor were more readily understood by the
White man.

Living in a heavily forested mountainous region,
whose rugged interior resisted penetration, the
Northwest Coast people built their villages along the
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shore in a thin line rarely extending inland more than
a few hundred yards. The sloping, rocky shore pro-
vided space for drawing large dugout canoes out of
the water. The numerous small islands dotting the
shoreline furnished excellent fishing. Large dwell-
ings housing several families were made of planks
from the huge cedar and spruce trees, split with
wedges and adzed into flat siding. Two or three rows
of these structures constituted village “blocks”; up
to twenty houses formed a town with a population
of 250-300. In front of many houses were great
carved totem poles whose designs served as a visual
introduction to the house owner’s lineage, wealth,
and social position. While a spirit ancestor was often
incorporated into the design, these poles were social
rather than religious in content and were in no sense
shrines for worship.

The gray mists and abundant rainfall give an air
of somberness to the Northwest, yet the luxuriant
vegetation provided ample food and the materials
from which to create dwellings, utensils, implements,
and clothing. The bark of the cedar was beaten into
garments, its fibers were twisted into cordage, and
its limbs carved into hafts for tools. Even fish hooks

BRI1ITI1SH

COLUMBIA

Bella Bella

WOODEN STORAGE BOX

for catching salmon and halibut were fashioned from
wood parts tied with fiber and finished with bone,
ivory, or metal barbs.

The mountains which confined the Indian to the
shore contributed game, fruit, and medicinal herbs,
but food came primarily from the sea. Every possible
form of water life was eaten, including shellfish, oc-
topus, seal, walrus, salmon, and whale. The variety
was so abundant that foraging for food was a prob-
lem only in the rare years when the schools of fish
temporarily disappeared. Great wooden canoes, some
fifty feet in length with provision for accommodating
a dozen men during long periods at sea, regularly
went three and four hundred miles off shore in search
of whales. War canoes often carried as many as forty
or fifty armed men. It is not surprising that the tiny
vessels of the first White explorers seemed puny in-
deed to the hardy Northwest Coast Indian whalers.

Comparatively little use was made of stone. Jade,
valued for its qualities as a tool, was fashioned into
chisels, ax blades, and adzes; shale was carved occa-
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sionally; but by and large the readily obtained and
easily worked wood precluded any need to resort
to stone. However, surviving stone objects such as
clubs, mauls, and mortars demonstrate the Indian’s
complete mastery of even the hardest granite; the
cutting and grinding of such stone objects was well
developed before the White man came, as well as in

more recent times.

Tribal groups

The tribal composition of this region is mixed, yet
more cohesive than in many other North American
regions. Anthropologists divide the Northwest Coast
Indians into three major classifications based largely
upon location and language, since the cultural com-
position is essentially similar.

First, the more northerly group includes the Tlin-
git and Haida, who speak an Athapascan branch of

CEREMONIAL
RATTLE

the Na-Dené language, and bordering them (and
speaking a related Penutian tongue), the Tsimshian,
the Kitksan, and Niska. Second, the central, Waka-
shan, language group in Vancouver and British Co-
lumbia includes the Kwakiutl and the Bella Bella,
and (distantly related and slightly to the south) the
Nootka and Makah Indians. Third, farther south,
extending to the Columbia River, the great Salish-
speaking group includes many tribes such as Bella
Coola, Lillooet, Chehalis, and Quinault.

The maximum population of the Northwest Coast
tribes was probably around 75,000 persons before
the coming of the White man; disease, warfare, and
other forces have reduced this number to about
25,000 today (according to A. L. Kroeber in “Cultural
and Natural Areas of Native North America,” Uni-
versity of California Publications in American Arche-
ology and Ethnology, No. 38, 1939, p. 135).

SLATE PIPE



This was a surprisingly short-lived culture, enjoy-
ing a Golden Age of approximately one hundred
years from 1775 to 1875. The explorers Bering and
Cherikof in 1741 found a highly sophisticated civili-
zation which thrived under the influence of new
wealth (from fur trading) and communication with the
outside world. It reached a peak and then collapsed
entirely under pressures to which the indigenous so-
cial structure could not adjust rapidly enough: pres-
sure from the “culture exterminators” — government
and military personnel, missionaries, and traders —
none of whom stay, but exploit and then move on.

Indeed, the Northwest Coast history presents in
microcosm the entire record of Indian-White rela-
tions: a given area with an established Indian cul-
ture makes maximum use of its environment for local
needs; the Whites with their alien culture intrude;
the Indians hospitably receive the newcomers for a
relatively brief period, during which the Indian cul-
ture expands and flourishes, stimulated largely by
imported materials; the Indians are disillusioned and
confused by their loss of established values and the
unsatisfactory or little-understood substitutes — the
new religion, for example, which forced abandon-
ment of old forms without meaningfully introducing
new ones; disease and/or warfare reduce the popu-
lations and political strength; and, lastly, the In-
dians exist only marginally and in isolation.

The great period of this culture is represented by
sculpture surprisingly rich in design and so ornately
decorated as to appear almost nonfunctional, such
as the SLATE PIPE, page 3. Beauty and display did,
however, have a specific function: the more deco-
rated the object, the more valuable it became; and
the greater a person’s material wealth and his pro-
portionate ability to be wasteful and extravagant, the
greater his prestige. Even WOODEN STORAGE BOXEs for
household objects, page 2, provided surfaces for
carving, inlaying, and painting; CEREMONIAL
RATTLES, page 3, became stylized art forms; CEDAR-
BARK MATTING, at right, used for garments, resting
mats, screens, and the like, provided a surface for
the artist. The design frequently became a record,
as in huge totem poles, or an advertisement of wealth,
as in the COPPER TINNEH, page 5, or a mode of
identification, as in the HEADDRESS, page 5. The dra-
matic CEREMONIAL DANCE SHIRT, page 7, functional
as a wrap, lent prestige and indicated family

CEDAR-BARK MATTING

relationship when decorated with a shell design.

Only occasionally do their carvings embody quali-
ties considered sacred. The CANOE FIGUREHEAD,
page 7, was believed by seamen to provide super-
natural protection to their vessel. A Mask, page 7,
might conjure up benevolent or menacing beings,
but more often displayed individual wealth, pres-
tige, or politico-social prominence. The Northwest
Coast religious credo is not readily assayed; it lacks
much of the immediacy and pervasive qualities
found in many other Indian regions. For example,
the Indians of the Northwest attributed spirits to
all living things; the Indians of the Southwest, to
inanimate things as well. The Northwest Coast In-
dian was more like the Sunday churchgoer whose
religious impulses are submerged during the week.
His religion was less elaborately formalized and gen-
erally lacked the ceremonial pageantry of the South-
western tribes. Improvised and barbaric, his observ-
ances, however, had a wealth of religious drama, in-
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cluding great masks and colorful costumes. A closer
parallel to the observances of the Northwest Indian
might even be the traditional pomp of English politi-
cal life, or military protocol, or fraternal organiza-
tion parades.

In the animistic religion of the Northwest Coast
Indian, all living things — human beings, plants, and
animals —had spirits with supernatural powers to
help or injure. Shamans could summon these spirits
and thus control the destinies of a person, and could
also use beautifully carved souL cATCHERS, page 7,
to imprison the spirits of the unwary. Once captured,
the victim was able to escape only by means of coun-
ter-charms or payments of stipulated fees. These lat-
ter were not always money — servitude was frequent-
ly demanded.

The huge food catches required special attention.
The lack of refrigeration coupled with small village
populations made it imperative to consume food
promptly, since as many as a dozen walruses might
be brought in at one time. When a whale was cap-
tured, for example, it was customary to call all one’s

HEADDRESS

COPPER
TINNEH

relatives together for a great feast, at which enor-
mous FOOD DISHES, page 7, became useful. On par-
ticularly important occasions rival leaders were in-
vited and a potlatch would be given. A potlatch was
basically a ceremonial challenge between chieftains
at which large amounts of food, goods, and intrinsi-
cally valuable possessions were given away in a
grandiose gesture calculated to enhance the donor’s
prestige. Such a demonstration proved the wealth of
the giver and gave him a certain edge over his rival.
The recipient was obliged to return the gift with
interest, increasing the debt. This retaliatory teeter-
totter went on until it eventually became too onerous
for one or the other, and was settled by warfare,
suicide, or bankruptcy. Sometimes a whole village
would be potlatched into slavery because of this
murderous game of swap.

This pseudo-disdainful attitude towards posses-
sions resulted in tragic waste. Many thousands of
objects of the sort illustrated in this article were
thrown into the fire or the sea, or deliberately smashed
—in order to demonstrate one’s scorn for wealth. It
must be admitted that this scorn was occasionally
tempered by canny provision for the return of the
articles. A huge COPPER TINNEH, page 5, which
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SHAMAN'S HEADDRESS

represented the ultimate in wealth, was often thrown
into shallow water where it could later be retrieved;
or, if broken into pieces by stone clubs, riveted to-
gether. Our museum has two such repaired examples
in its collection. Today Government fiat has halted
the waste of material products, but the urge to
achieve prestige through the grand gesture is not
dead: at a Tlingit ceremony held this year I wit-
nessed a presentation of valued objects under cir-
cumstances exactly similar to those a century earlier.
During a welcoming ceremony at Sitka we were en-
tertained by a group of local Indian men and women.
One elderly clan chieftain was so carried away that
he got up and spontaneously presented his carved
speaker’s staff to one of the visitors. This was not
at all called for under the circumstances, but he felt
impelled by the ritual to make an impressive gesture.

This was truly a capitalistic world, with the main

emphasis on material possessions, individual owner-
ship, and achievement of status through the acquisi-
tion of wealth. Artists were hired as professional re-
tainers to design, paint, and carve objects which
enhanced their patron’s prestige. The entire village
supported its leader in his craze for acquisition and
display, since a villager’s own prestige was depend-
ent on the glory of his chieftain. Also, since the
economy was supported by slavery and since the
necessities of life were easily obtained, wealth could
be devoted primarily to the acquisition of valuable
objects. This wealth was primarily gained from trad-
ing furs; records show that as many as 35,000 otter
furs were exported in a single shipment. Under such
conditions it is not surprising to find sculptors par
excellence; their talent was the result of long prac-
tice, and their wealthy patrons were ready to pay
handsomely for long hours of painstaking craftsman-
ship. True, the creators were individual artists and,
as today, not all of them carved with equal skill. A
common fault among collectors is to accept Indian
art uncritically — just because it is Indian. The really
fine artistry was then, as now, in the hands of the
relatively few whose talent and technical skill placed
them above their fellows, enabling them to create
objects of outstanding esthetic quality. Although the
Indians of the Southwest used appliqué in textiles and
metalwork, applied art is less often seen in the North-
west, perhaps because the lighting was not generally
as good. More powerful forms were developed to
take advantage of deep shadows. The delicacy of
shallow carving and sand-painted pastels, so effec-
tive in the ambient sunlight of the Southwest, would
have been less effective in the Northwest.

The variety of creative expression was almost un-
limited. Wood was carved, painted, and inlaid (fre-
quently with abalone, a univalve found in California
and traded north), as shown in many of these illus-
trations, such as the HeaDDRESs, at left. Line and
color were as important as form; the Kwakiutl peo-
ple made use of stronger color than most other groups,
as in the RAVEN MASK, page 1, but many tribes used
red, blue, green, brown, white, and black extensive-
ly. The ability to fit involved forms into restricted
space is highly developed, as demonstrated by totem
poles and Haida argillite carvings. The modern
world discovered this art in terms of its abstract qual-
ities—the X-ray design of the KILLER WHALE, page 8,
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KILLER WHALE MOTIF, CHILKAT CEREMONIAL BLANKET

portrays all the composite motifs making up the
animal — and in color, dominance of design, balance,
and esthetic force this art harmonizes well with
almost any contemporary setting.

The world of the Northwest Coast Indian changed
abruptly with the coming of the White man. There
had been earlier contacts with Asia, probably through
Japanese sea traders —note the similarity of some
of the Northwest Indian masks to the Japanese Noh
masks and the spectacular use of tiny carved charms
so like the ivory netsuke of the Japanese. Later came
the whaling vessels, but with the recurring visits of
the fur trader and the explorer, and the availability
of an outside market, much of the carving became
“tourist fare.”

At the outset this term was not necessarily pejo-
rative. Craftsmanship declined, however, as the tra-
dition began to yield to economic pressures, and by
1900 the great period of the arts had disappeared.
Few objects made after that date show the strength
and beauty typical of the earlier works. Hastily

carved “junk shop totem poles” were carved in quan-
tity, with shallow designs scratched in quickly, and
the early rich forms became hardly recognizable.

Today a small number of truly creative artists are
emerging. The Indian Arts and Crafts Board (an
agency of the Department of Interior) is active in
the Northwest Coast region, and together with local
organizations sponsors facilities designed to assist
the native artist—for example, the new arts and
crafts center at Sitka National Monument. Also,
museums help to familiarize the public with good
work. The most important collections of Northwest
Coast art today are in the American Museum of Nat-
ural History, New York; the Chicago Museum of
Natural History; the Museum of the American In-
dian, Heye Foundation, New York; the United States
National Museum, Washington; the University Mu-
seum, Philadelphia; the National Museum, Ottawa,
Canada; the Royal Ontario Museum; the Provincial
Museum, Victoria; and the Anthropological Mu-
seum, Vancouver.
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OSWALD T. AVERY
AND HIS SCIENTIFIC LEGACY

Frienps AND ADMIRERS of Oswald T. Avery gathered
from many parts of the country on Wednesday, Sep-
tember 29, for an afternoon of reminiscence and ap-
preciation of a bacteriologist who became one of the
great pioneers in the modern science of genetics. The
occasion was the dedication of the Avery Memorial
Gateway at the northwest entrance to Rockefeller
University, where Avery devoted over thirty years of
his life to research and made his outstanding contri-
butions to science.

The program in Caspary Auditorium was opened
by President Bronk, who spoke with affection of

ABOVE: Avery Memorial Gateway bears this inscription in
Laurentian granite from Oswald T. Avery’s native Canada
rRIGHT: Roy C. Avery with Mrs. Avery

Avery. He recalled summer days together in the
company of Alan Chesney “on the fir-clad, fog-
shrouded coast of Maine. There he told me with
enthusiasm of his research. With modesty he gave
no hint of its profound significance. With charac-
teristic generosity he gave much credit to two young
colleagues.”

Warm tributes then followed from the “two young
colleagues” — Maclyn McCarty, now Vice President
and Professor at Rockefeller, and Colin MacLeod,
Deputy Director of the Office of Science and Tech-
nology — who in 1944 had published with Avery the
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Speakers at the program in Caspary Auditorium included Maclyn McCarty, Robert
W. Holley, Colin M. MacLeod, Theodosius Dobzhansky, and Wendell Stanley

classic paper® identifying the pneumococcal trans-
formation agent as pNa, thus laying the foundation
for modern chemical genetics. “Highly polymerized
nucleic acid,” they wrote, “must be regarded as pos-
sessing biological specificity, the chemical basis of
which is as yet undetermined.”

“That statement,” said the next speaker, Nobel
laureate Wendell Stanley, “presents one of the great-
est discoveries of biological science in this century.”
Stanley, a virologist long associated with Avery, had
gone on record in the mid-thirties as recognizing the
viruslike nature of the transforming phenomenon.
But many biologists of the day attributed the activity
of the transformation principle to “contamination by
protein.”

Appropriately, Theodosius Dobzhansky, Professor
at Rockefeller, followed Dr. Stanley on the program.
For Avery and his colleagues had moral support in
the late 1930’s and early 1940’s from the discussion of
pneumococcal transformation in the first edition of
Dobzhansky’s book Genetics and the Origin of Spe-
cies. “Directed mutation is and always was a geneti-
cist's dream,” Dr. Dobzhansky said in his closing
remarks, “and the Avery group has made this dream
a reality —that is —a reality in pneumococci. The
possibilities that would be opened if something of
this sort were achieved in man stagger the imagina-

tion. The Avery group has made the first step in this
direction. As described by Teilhard de Chardin, “The
dream which human research obscurely fosters is, by
grasping the very mainspring of evolution, seizing
the tiller of the world.””

The sixth speaker, Dr. Robert Holley of Cornell
University, was the only one who did not have per-
sonal contacts with Avery. “The memorial gate is
especially fitting,” he began, “to honor a man whose
work has opened up such a vast world of new ideas
and experimental opportunities.” Dr. Holley — a rep-
resentative of the large group of young, modern
investigators whose work has its roots in the contri-
butions of Avery’s laboratory —related some of the
important developments that are following in the
wake of Avery’s pioneering studies on the nucleic
acids, particularly contemporary research on the
structure of RNA.

As the program drew to a close, President Bronk
introduced Oswald Avery’s brother, Dr. Roy Avery,
who happily was able to be present with his wife.

*0. T. Avery, C. M. MacLeod, and M. McCarty, “Studies on
the Chemical Nature of the Substance Inducing Transforma-
tion of Pneumococcal Types. I. Induction of Transformation
by a Desoxyribonucleic Acid Fraction Isolated from Pneu-
mococcus Type IIL” Journal of Experimental Medicine 79
(1944),137.
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ABOVE: Rufus Cole at the Gateway after the dedication;
Cole was instrumental in bringing Avery to Rockefeller
in 1913. BELOW: President Bronk, ricHT, with Colin Mac-
Leod and Maclyn McCarty, who in 1944 collaborated
with Avery on the classic paper on transformation of
pneumococcal types.

“Those who have had the privilege of hearing these
lucid accounts of the great work of Fess Avery,” Dr.
Bronk concluded, “know now, if they did not know
before, that Oswald T. Avery needs no physical me-
morial to keep his memory alive and immortal. Yet
his many friends and admirers —desiring to have
some part in the perpetuation of his memory —have
generously created this dignified and beautiful gate-
way. In behalf of the University’s Trustees I wish to
express to them our appreciation for their regard for
Avery, and for this fine tribute which now graces our
campus.”

At the end of the afternoon there was an informal
reception in Welch Hall for the 160 friends of Avery
who joined in contributing to the construction
of the memorial gateway that bears his name.
The great piers of red Laurentian granite, quarried
in Avery’s native Canada and designed by Nelson
W. Aldrich of Boston, will recall to the hundreds
who enter the gateway each day one of The Rocke-
feller University’s most original and productive
scientists.

SEPTEMBER-OCTOBER 1]
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Oswald T. Avery
in his laboratory,
the mid-thirties

THE
MAN

... each morning on arrival in the laboratory the results of the experiment
of the day before were waiting in the incubator to be read. Fess and I had
an unspoken agreement that prevented either of us from obtaining a sneak
preview of the results before the other had arrived. The old protocols serve
to recall the image of Fess as we converged on the incubator each morning,
and in particular I see his expression, which was a curious mixture of eager
anticipation and of apprehension for fear something had gone wrong with
our complex biological test system — which, alas, was all too frequently the
case. A multitude of such pictures remain . . . as testimony of the lasting
impact of his personality on his associates. This legacy is inextricably en-
meshed in our minds with the more durable and objective legacy of his
scientific accomplishments. MacLyN McCarTY

We talked about whether he should say that bacteriology is the Queen of
the Biological Sciences, or, as I might suggest, the Crown Princess, because
she hadn’t arrived yet; and so we spent the last half hour of the late after-
noon, until Fess would say, “Let’s go and see Do (Dochez).” And then a
short three and one-half block walk across town to see Do, who would greet
us, rubbing his hands and saying with enthusiasm, “Hey, you're late, Fess.”
... We might end up on this occasion declaring that bacteriology was not a
‘Crown Princess or even a Cinderella, but more likely a pumpkin. But you
can be sure we had a stimulating time — perhaps even blowing a few sci-
entific bubbles, “which is all right” as Fess was wont to remark, “so long
as you prick them yourself.” Fess was fond of another and related small
aphorism, “Ideas are wonderful things,” he would say, “the trouble with
them is that they don’t work unless you do.” Corin M. MacLkop



THE "MARVELOUS ANIMALS”

BY HELENA CURTIS

Fruipro BuoNaNnNig, the Jesuit scientist, surprised
no one in his seventeenth-century world when he
described a type of timberwood that, if soaked in
the sea, produced worms that engendered butter-

flies which in turn became bright-colored birds. Not .

long before, the Belgian physician Jean Baptiste van
Helmont had asserted that full-grown mice are pro-
duced in three weeks from wheat in a glass stopped
with dirty linen and that scorpions are formed from
the herb basil crushed in a cavity between two bricks.
After all, it had been known since the time of the
Egyptians that snakes rose from the mud of the Nile.
Aristotle, greatest of the biologists, had stated that
simple living things took shape from dust and mud
—“from all dry things which become moist and all
moist things which become dry.” Even common folk
were well aware that plant lice formed from dew
drops, and snakes, of course, from a lady’s hair
dropped in a rain barrel.

Today we all know far more about how living
things take their form. As children we watched a
spotted mass of jelly turn to shapeless black embryos
which slowly grew eyes and legs and then, quite
suddenly, lost their tails and hopped from the pond
—or even more surprisingly from the household
aquarium. This past summer we may have shown
other children how the mosquito larvae hang by
their tails from the air-water interface and how one
may glimpse in their dark, fierce eyes the promise of
the insect to come. And when the wan moth fluttered
from our clothes closet this fall, we readily recalled
the life stages through which our winter coat had
nourished him. Even in our own species we watch
every day the slow cycle of birth, maturation, se-
nescence, and death.

¢

Growth, change, metamorphosis, are accepted in
today’s world with as much equanimity as spontane-
ous generation in the world of three centuries ago.
Yet, in truth, we know little more than van Helmont
about how living things take shape, and it is clear
that this problem — morphogenesis —will be a central
concern in biology in the decades that lie ahead, as
it was in the time of the Greeks.

If one wishes to see the problem stated in bewil-
dering simplicity, one need only visit the laboratories
of Maria Rudzinska, an associate professor at Rocke-
feller. Here can be found what is undoubtedly the
world’s highest concentration of an extremely un-
usual animal which bears the name of Tokophrya
infusionum. Readers who might be deterred by no-
menclature so seemingly foreign and exotic may be
reassured to learn the source of the strain of Toko-
phrya with which much of the work reported here
has been accomplished: it was found by Dr. Rudzin-
ska one June morning in 1959 in a quiet corner of
the pool on the Rockefeller campus. In fact, Toko-
phrya grows there still.

Even one who is a specialist in the more familiar
ciliates —such as Paramecium, the classic slipper
animalcule, or Stentor, the crowned king of this one-
celled realm — will be surprised on first encountering
this strange member of the ciliate family. Tokophrya
is tiny — the species that Dr. Rudzinska is studying
is twenty to fifty microns in diameter —but so char-
acteristic in form as to be instantly identifiable. First
one notices the tentacles, which look like the most
delicate imaginable rods of fine-spun glass. A cell
may have as many as sixty of these, sticking out stiffly
from its body. They are very slender — less than one
micron in diameter except at the tip, where they
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round out into a knob —and are often longer than
the body of the animal.

If Tokophrya is seen in profile, it does not appear
spherical, as it does from on top, but rather club-
shaped. The tentacles — which stick out like tooth-
picks —are grouped in two clusters on each side of
the top of the club, and the club’s handle is a short
stalk of the protozoan’s own manufacture. The stalk
terminates in a flat disc which anchors the cell firmly
to its substrate for all of its adult life.

Tokophrya sits absolutely motionless. The only
sign of life a discerning eye might catch is the slow
pulsation of one or two small intracellular vesicles.
These are the contractile vacuoles, present in one
form or another in all freshwater protozoa, which
enable the animal to expel excess fluids. They beat
with the slow, steady rhythm of an automatic bilge
pump.

Tokophrya, like all protozoa, is a voracious eater,
and since it spends its entire eating life in the same
spot, its meals must come to it. One of its favorite
foods is Tetrahymena, which somewhat resembles
the more familiar Paramecium in shape, although it
is much smaller. When a luckless Tetrahymena
brushes across an outstretched tentacle of Tokophrya,
it stops, apparently stunned, and tentacle and prey
become firmly attached. Tokophrya is smaller than
Tetrahymena; but, despite its small size and the
seeming fragility of the rodlike tentacle, the larger
ciliate can almost never free itself, and often its at-
tempts to break loose succeed only in its becoming
fastened to additional tentacles of the captor. Once
attached, the tentacle broadens and shortens; and, as
painstaking light microscopy studies have shown, a
stream of tiny granules moves up the rod to the
Tetrahymena. The struggling animal becomes im-
mobilized. Dr. Rudzinska has shown that if the cap-
tive is rescued from the tentacles at this stage, it will
remain motionless from several minutes to several
hours, depending on the duration of its exposure, but
in most cases it regains its normal mobility.

A larger ciliate, such as Paramecium, though
equally esteemed by Tokophrya, may frequently
break free from a single captor. Often, however,
Tokophrya is found in clusters, the spikes almost
touching, like the barbs in a roll of barbed wire, and
the Paramecium that wanders into this no man’s land
rarely escapes. It touches one tentacle, pulls loose,

seemingly stunned, and staggers into another, until
it is entirely immobilized. Sometimes a single Toko-
phrya will fasten onto Paramecium with such a firm
grip that it will be pulled loose from the substrate
and swept off, still attached to the relatively giant
animal. In such cases Paramecium soon slows down
and finally stops; then Tokophrya reanchors itself and
begins to feed. Clearly the tentacles are the source
of some sort of toxin— a protozoan curare — although
it has not been isolated or identified. Curiously, the
tentacles adhere only to ciliates; Amoeba and its
relatives and the flagellates may pass the tentacles
without danger.

Once the prey is attached to the tips of one or
more tentacles of one or more Tokophrya, the poison-
producing barbs become sipping straws. One can
see a flow in the other direction, from Tetrahymena
to Tokophrya. The prey remains alive during the
teeding process; the continued pulsing of its con-
tractile vacuole is readily visible. In fact, as soon as
the victim dies, Tokophrya discards it as unfit for
consumption. The whole process takes about twenty
minutes.

It is presumed that the tentacles exert a sucking
action (hence the order to which Tokophrya belongs
is called the Suctoria), but just how the suction is
produced is not clear. Some have suggested it is a
result of peristaltic movements of the tentacles, and
some believe increased pressure within the body of
the victims may drive its contents down the tubes.
Others have suggested that increased action of the
contractile vacuoles may turn Tokophrya into a tiny,
lethal suction cup, but none of these explanations
seems adequate. In any case, the feeding mechanism
is extraordinarily efficient. All of the fifty or sixty ten-
tacles can feed simultaneously should nature or Dr.
Rudzinska provide such bounty. And Tokophrya is a
glutton. It will feed continuously for forty-eight hours
or more and, under such conditions, will grow to 120
times its normal volume.

Birth

As we learned in school, most protozoa reproduce
by binary fission: the cell divides into two identical
twins and each swims off to lead a life of its own.
Tokophrya, however, goes through an elaborate
process of embryogenesis. First, a tiny opening, the
birth pore, forms at the top of the animal, between
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the two clusters of tentacles. Then, beneath the sur-
face, below the pore, the embryo begins to form,
scooping itself out of the body of the mother animal
as one might scoop out a melon ball. Cilia begin to
appear — five rows of them —and even before the
embryo has pinched itself off from the mother cell,
the cilia begin to beat. Soon the larva is free of all
connection with the adult cell but still trapped with-
in the birth chamber. For ten or twenty minutes it
whirls, beating its cilia, within the chamber. Then,
suddenly, like a bullet, it shoots out through the birth
pore. The adult Tokophrya is left empty and dis-
torted, but soon composes itself and, in fact, within
two hours or less, may be ready to produce another
embryo.

Once the larva escapes, there is a period of fren-
zied activity. The young potato-shaped Tokophrya
whirls through the water with great speed with what
Dr. Rudzinska describes as a highly characteristic

Tokophrya infusionum
seen from the side,
showing attachment
disc, stalk, and tentacles

“screwy” motion, zigzagging as though in some fran-
tic but ineffective pursuit. The chase may last for a
few minutes to several hours.

Suddenly the larva stops and stands on what was
formerly its head. It spins a few times more in place,
the girdle of cilia beating about its equator. Then
the seeming miracle begins. Right before one’s eyes,
the creature transforms itself. The cilia, which were
beating vigorously just a moment before, vanish.
Then the attachment disc appears. No one knows
with certainty where it comes from, but Dr. Rudzin-
ska hypothesizes that it may be formed by the poly-
merization of a droplet of some substance released
from within the larva. The disc is very thin, com-
posed of a network of fine fibrils, but it adheres so
strongly that it will hold Tokophrya fast even when
several captured Tetrahymena tug at its tentacles
simultaneously.

Once the disc has formed, the stalk appears, and as
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it takes shape it lifts the animal up from the substrate.
Next, and most remarkable, come the tentacles, mov-
ing out from the body, stiff as spokes, a dozen or so
powerful, slender rods. All this happens almost si-
multaneously, and within five minutes the swim-
ming embryo is transformed into a sessile form with
all the characteristics of the parent organism. It is
somewhat like seeing the frog change to the prince
right on one’s own doorstep.

The microcosm

Dr. Rudzinska takes advantage of the rapid mo-
tion of the embryo to isolate the protozoan for life
in the laboratory. Using a very fine pipette and ex-
traordinary patience, she tracks and catches a
swarmer and then transfers it to a fresh droplet of
water. After it whirls around the circumference of
the drop for a few minutes, she catches it again, and
transfers it again, checking each time under the dis-
secting microscope to make sure the tiny embryo has
not eluded her. After ten such transfers, the young
larva, as a result of its own activities, has rinsed it-
self clean of any bacteria. From then on it and its
offspring will live in a sterile medium. This is ex-
tremely important; bacteria take over a culture rap-
idly, as every amateur protozoologist knows, and
Tokophrya cannot thrive in a culture that is dense
with bacterial growth, nor can Dr. Rudzinska carry
out her precise and elegant studies with other than
a pure culture.

Tetrahymena, by a happy coincidence, can also be
grown in a bacteria-free state, although bacteria are
its natural food. In fact, Tetrahymena was the first
of the protozoa to be grown in a precisely defined
chemical medium and, indeed, the first animal cell
ever to be grown under these conditions. By supply-
ing the right amount of Tetrahymena, Dr. Rudzinska
is able to keep Tokophrya alive in a perfectly con-
trolled microcosm. One embryo and its descendants
can be kept for as long as two weeks in a single drop
of water. Yet this single drop of water, Dr. Rudzin-
ska has found, contains more questions than all of
modern biology can answer.

The tentacles

Perhaps the most fascinating of all the features of
Tokophrya are its tentacles. Dr. Rudzinska’s studies
of their fine structure make their rapid morphogene-

sis seem even more remarkable. Each tentacle is
made up of two concentric cylinders. The outer wall
of the outer cylinder is covered with a delicate plas-
ma membrane —the same sort of membrane that
covers the surfaces of all cells, including our own.
In addition, outside this membrane, is a more rigid
and thicker coat, the pellicle. The plasma membrane
covers the entire tentacle, including the lumpy sur-
face of the knob; but the pellicle reaches, like a coat
sleeve, only to the base of the knob.

The wall of the inner cylinder is composed of a
double row of forty-nine —or, occasionally, fifty —
microtubules arranged in loose bundles of seven
tubules each, four on the inside, three on the outside.
Dr. Rudzinska presumes that these tubules, which
extend deep within the cell, are contractile and so
are responsible for the shortening and broadening of
the tentacle during feeding. Its lumen, usually only
one-fourth of a micron in diameter, expands greatly
during feeding so that even relatively large morsels
— mitochondria, for instance, which are a micron
wide — can pass smoothly through.

The outer cylinder, Dr. Rudzinska’s studies show,
is the carrier for the tide of minute, dense oval bod-
ies, the bodies that in light microscopy can be seen
flowing from predator to prey immediately follow-
ing capture. As Dr. Rudzinska points out, they are
missile-shaped, rounded on one end, pointed on the
other. She concludes, on the basis of many electron
micrographs, that these missiles arise in the cyto-
plasm of Tokophrya and travel up the outer lumen
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