New Concepts of Kingdoms

of Organisms

Evolutionary relations are better represented by new
classifications than by the traditional two kingdoms.

There are those who consider ques-
tions in science which have no un-
equivocal, experimentally determined
answer scarcely worth discussing. Such
feeling, along with conservatism, may
have been responsible for the long and
almost unchallenged dominance of the
system of two kingdoms—plants and
animals—in the broad classification of
organisms. The unchallenged position of
these kingdoms has ended, however;
alternative systems are being widely con-
sidered (/—I18) and are appearing in
many introductory biology texts (/9-—
24). My purpose in this article is to dis-
cuss the merits of two classifications
which depart from the traditional two
kingdoms, the systems of Copeland (/-
2) and Whittaker (4, 5).

Two-Kingdom System

Man is terrestrial, and he sees around
him two major groups of organisms of
very different adaptation to nutrition on
land-—the photosynthetic, rooted, higher
plants, and the food-ingesting, motile,
higher animals. So distinct in way of
life, direction of evolution, and kind of
body organization are these groups that
a concept of dichotomy—plants versus
animals-—is almost inescapable if they
are considered by themselves. The two
groups became the nuclei around which
concepts of the plant and animal king-
doms were developed by early natural-
ists. The kingdoms have been part of
the formal classification of living things
since Linnaeus (25).

Mosses, liverworts, and macroscopic
algae are clearly plants in their photo-
synthetic and nonmotile way of life,
and (though the photosynthetic process
itself was not understood by early
naturalists) these forms were grouped
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with the higher land plants. The higher
fungi on land are nonmotile, and their
apparently “rooted” manner of growth
suggested the plants. It thus seemed
reasonable to assign fungi to the plant
kingdom, and some students believed
that they had evolved from algae. The
wealth of unicellular life discovered by
microscopists offered greater difficulty.
Some forms were motile and ingested
food, however, and were naturally re-
garded as one-celled animals or proto-
zoans. Others were nonmotile and
photosynthetic, hence one-celled plants.
There remained a wide range of uni-
cellular forms in which nonmotility and
flagellate or pseudopodial motility, and
ingestive, photosynthetic, and absorp-
tive nutrition, were combined in various
ways which were neither clearly plant-
like nor animal-like. In a number of
cases plant-like and animal-like unicells
were connected by a series of closely
related intergrading forms within the
same major taxon. There remained also
the bacteria which, though few are pho-
tosynthetic and many are motile,
seemed  better treated as plants be-
cause of their walled cells. The plant
and animal kingdoms are prod-
ucts of a process of concretion, by
which groups of organisms which were
aquatic, or fungal, or microscopic, or
more than one of these, were added
around the nuclear concepts of plant
and animal derived from higher land
organisms.

It was recognized that the two-
kingdom system came into difficulties in
treatment of the unicellular organisms,
since some groups of these were claimed
both for the plant kingdom by botanists
and for the animal kingdom by zoolo-
gists. The system seemed, however, a
reasonable treatment of the living world
in terms of two kingdoms and evolu-

!

tionary directions (Fig. 1). In time the
system seemed not reasonable but
axiomatic; suggestions of other king-
doms were regarded as the idiosyncra-
sies of individuals. There were such sug-
gestions, however, as the limitations of
the two-kingdom system became more
evident. I have reviewed proposals for
other kingdoms in more detail elsewhere

(5.

Limitations of the Two-Kingdom System

The difficulties of the two-kingdom
system may be summarized in relation
to four points.

1) The protists. The most obvious
difficulty is that for which we use
Euglena and its relatives as the ex-
emplar for students—the intergrading
combinations of plant and animal char-
acters, the fusion of the kingdoms,
among unicellular organisms. Because of
the impossibility of clear division of the
unicells into plants and animals, a num-
ber of authors suggested third kingdoms
of lower organisms (26~32). Hogg (26)
observed the intergradation of plants
and animals among lower forms and
proposed for them the Regnum Primi-
genum and the term “Protoctista.”
Haeckel (29) proposed separating the
lower organisms as the kingdom “Pro-
tista,” Haeckel included the sponges in
this kingdom in one treatment (29), and
the fungi in another (30); but the king-
dom comprised primarily, and in later
treatments (37, 32) only, the unicellular
organisms.

Although content of the third king-
dom of lower organisms and use of
“Protoctista” and “Protista” have varied,
two principal possibilities may be dis-
tinguished. The lower kingdom may
either comprise only unicellular orga-
nisms (including those forming colonies
of unicells), the kingdom Protista of
Haeckel (29-32) and others (33, 20, 21,
5, 14), or the lower kingdom may com-
prise the unicells plus other organisms
which lack the kind and degree of tissue
differentiation characteristic of higher
plants and animals, thus including fungi
and most or all algae, the kingdom
Protoctista of Hogg (26) and Copeland
(3). (In either of these concepts bacteria
and blue-green algae may be excluded
as indicated below.)

Some authors (10, 12, 15, 19, 22)
prefer the more familiar term “Protista”
for the second concept. Different inter-
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pretations of the Protista are possible.

from Haeckel’'s own treatments of the
kingdom. Protists are conceived (29, 31)
as unicellular and as organisms which
form no tissues [in a later statement
(32), “. . . organisms which as a rule
remain unicellular throughout life
(monobia), less frequently they form
loose cell communities (coenobia) by
repeated cleavage, but never real
tissues.”]. They are contrasted with the
tissue-forming organisms of the king-
dom Histonia, comprising the Meta-
phyta (including higher fungi, higher
algae, and higher land plants) and
Metazoa (multicellular animals).

From this contrast of unicellular and
tissue-forming conditions, the difficulty
has resulted. Kingdoms defined by the
unicellular condition and by somatic
tissue differentiation exclude a broad
middle ground, occupied by organisms
which lack evident somatic tissue differ-
entiation but are clearly multicellular
or multinucleate as organisms, as indi-
cated by cell differentiation and inter-
dependence (sponges), or somatic organ
differentiation (higher algae, mosses), or
differentiation of reproductive tissues
and organs (higher fungi). I suggest in
consequence that the Protista may best
be defined not by lack of tissue differen-
tiation but by lack of tissue formation
—absence of integration of cells (or
nuclei and cytoplasm) into the one or
more tissues of a multicellular (or
multinucleate) organism. Tissue differ-
entiation in some lower multicellular
and multinucleate organisms (some
algae, fungi, and sponges) is limited to
a single somatic tissue, plus reproduc-
tive cells, tissues, or organs distinct
from it. For clarity and consistency
terms and concepts for the lower king-
doms will be distinguished throughout
this article. The kingdom Protista com-
prises organisms which are unicellular
or unicellular—colonial and which form
no tissues. The alternative kingdom,
Protoctista, will be conceived, as by
Copeland (3), as a broader kingdom of
unicellular, multicellular, or multinu-
cleate organisms which mostly lack
somatic tissue differentiation, including
higher algae and fungi.

2) The monerans. Haeckel (29-32)
regarded the bacteria and blue-green
algae as protists without nuclei and
placed them in the group Moneres or
Monera, subordinate to the kingdom
Protista. Recent work has made more
evident the profound differences of
organization between bacterial cells and
those of other organisms (19, 34). Cells
of bacteria and blue-green algae lack
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mitochondria and plastids, nuclear
membranes and mitotic spindles, the
endoplasmic reticulum and Golgi ap-
paratus, vacuoles, and advanced (9-+2-
strand) flagella, among the organelles
characteristic of the cells of other orga-
nisms. Nuclear material is probably a
single strand of DNA without histones,
dividing by means other than mitosis;
sexual reproduction is apparently both
infrequent and incomplete in the sense
that only partial recombination of
genetic material of cells may result from
bacterial conjugation and other proc-
esses. Bacteria and blue-green algae
also resemble one another and differ
from other organisms in biochemical
characteristics, including their method
of ornithine synthesis, the apparently
limited occurrence of sterols, sensitivity
to antibiotics, and cell-wall composition
(35, 36).

These contrasts between the pro-
caryotic cells of bacteria and blue-green
algae, and the eucaryotic cells of other
organisms, define the clearest, most
effectively discontinuous separation of
levels of organization in the living world
(19, 37, 38). The idea of ancient cellular
symbioses, and the evolution of chloro-
plasts from blue-green algae and mito-
chondria from aerobic bacteria living

Plantae

within other unicells, offers an attractive
suggestion on the origin of part of this
difference of organization (39). Margulis
(38) has added a further, more striking
hypothesis—origin of the (9 2-strand)
flagellum and the centriole and spindle
figure of the eucaryotes from a sym-
biotic, spirochaete-like organism—and
on the basis of this hypothesis and other
cytological and biochemical evidence
considered the phylogenetic pattern of
the living world. Symbiotic origin of the
eucaryotic cell is accepted as a hypoth-
esis here, but the difference between
procaryotes and eucaryotes remains a
line of division deserving recognition in
a current system of broad classification.
The bacteria are not plants in either
way of life or evolutionary relation to
other plants; and the blue-green algae,
which are functional plants, are widely
separated in their cell organization from
all other plants. Most authors who con-
sider alternatives to the two-kingdom
system separate the bacteria and blues
green algae as either a subkingdom of
the Protista (9, 5) or more commonly
as the kingdom Monera (I, 7, 8, 10,
12-15, 22, 24) or Mychota (2, 3).

3) The fungi. Are the fungi plants, if
the bacteria are not? There are reasons
‘to judge that they are not (40—45). (i)

Animalia

Fig. 1. A simplified evolutionary scheme of the two-kingdom system as it might have
appeared early in the century, The plant kingdom comprised four divisions—Thallophyta
(algae, bacteria, fungi), Bryophyta, Pteridophyta, and Spermatophyta. Only major
animal phyla are indicated.
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They were separately derived from the
unicells. Although earlier authors specu-
lated on derivation of fungi from algae
(46, 47), it now seems likely that the
lower fungi (chytrids and others) in-
clude a number of groups polyphyletic-
ally derived from different colorless flag-
ellate ancestors, and that the higher
fungi (Ascomycetes, Basidiomycetes)
were derived from one of these groups
of lower fungi (40, 43, 48-50, 36). (ii)
Their organization is very different from,
and nonhomologous with, that of the
plants (44, 45, 4, 5). The characteristic
somatic organization of the higher fungi,
the syncytial mycelium with protoplasm
flowing in a system of tubes, could
hardly be less like that of the true
plants. Reproductive structures and the
dicaryotic condition (combining nuclei
of different individuals in the same
syncytial or multinucleate tissue without
nuclear fusion) are different from, and
nonhomologous with, the reproductive
structures and diploid condition of the
higher plants. Many lower fungi are not
mycelial but have a different organiza-
tion of the chytrid type—a globular
spore-case with (in many species) slender
protoplasmic rhizoids extending into the
food source. The spore-case is at first
unicellular, then becomes multinucleate,
and finally many-celled as the flagellated
zoospores or reproductive swarmers are
formed and released. It is probable that
only convergences relate the structures
and life cycles of the fungi to the algae
on the one hand, and to the mycelial
bacteria (actinomycetes) on the other.
(iii) The nutritive mode and way of life
of the fungi differ from those of the

plants. So far as is known the fungi ™

have been wholly nonphotosynthetic
from their origin from unicells to their
present diversity of forms. Fungi
characteristically live embedded in a
food source or medium, in many cases
excreting enzymes for external diges-
tion, but in all cases feeding by absorp-
tion of organic food from the medium.
Their organization, whether mycelial,
chytrid, or the unicellular of yeasts, is
adapted to this mode of nutrition.
Convenience still places the fungi in
the plant kingdom in many textbooks.
It may be fair, however, to observe the
extent to which this is a position of
convenience; for the fungi are a
separate, major group of organisms of
different origin, different direction of
evolution, and different organization in
adaptation to a different primary nutri-
tion from that of the plants. The fungi
are separated from the plants in most
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recent proposals on broad classification
and are placed either in the kingdom
Protoctista (3, 9, 13, 19, 22) or in a
separate kingdom Fungi (5, 8, 14).

4) Nutritional modes. When the
significance of bacteria and fungi in
natural communities was unrecognized,
it seemed reasonable to think of two
major modes of nutrition for the king-
doms—ingestive in the animals, and in
the plants primarily photosynthetic (and
secondarily absorptive). There are, how-
ever, not two principal modes of nutri-
tion but three—the photosynthetic, ab-
sorptive, and ingestive. The three modes
largely correspond to three major func-
tional groupings in natural communities,
the producers (plants), reducers (sa-
probes, that is, bacteria and fungi), and
consumers (animals) (4, 5, 51). The im-
portance of the reducers in the cycling
of materials in ecosystems appears to ex-
ceed that of the consumers. In evolution

-ingestive nutrition' was a development

secondary to the absorptive nutrition of
most monerans and many eucaryotic
unicells. Both protozoans with food
vacuoles and metazoans with digestive
tracts have probably evolved from ab-
sorptive flagellates, and in this evolution
internalized the process of food absorp-
tion and added to it the process of in-
gestion. One may consider that the
eucaryotic plants also have internalized
the absorption of food through a mem-
brane, that surrounding the chloroplast
as symbiont and organelle. The three
modes of nutrition imply different logics
on which the evolution of structure in
higher organisms was based (44, 4, 5).

Photosynthesis has implied evolution
‘among higher. plants..of: (i) nonmotile

life with structure based on walled cells -

differentiated into organs including (ii)
blades or leaves as organs for concentra-
tion of chloroplast-containing cells and
photosynthetic activity, and (iii) stipes or
stems as organs to support these in
favorable light conditions, with (iv)
holdfasts to hold the plant in its place
or roots to hold the plant and provide
access to soil water and nutrients, and,
(v) in the latter case, vascular tissue to
conduct materials between roots and
leaves by way of the stem, hence (vi) an
intermediate level of somatic tissue
differentiation (higher than fungi, lower
than animals). The direction as stated
has been realized to different degrees in
a number of independent evolutionary
lines of plants including higher green
algae, red algae, brown algae, mosses,
and vascular plants.

Ingestion in animals has implied evo-

lution of: (i) a motile, food-seeking life
in most cases, requiring evolution of
both (ii) the sensory-neuro-motor com-
plex of tissues, organs, and organ sys-
tems which make possible perception of
and response to food and (iii) the diges-
tive-circulatory-excretory complex for
food and waste processing and trans-
port, and in larger forms a system of
external respiration; these systems im-
plying, and serving to support (iv) a
complexly differentiated structure of di-
verse, highly specialized tissues of wall-
less cells, functioning at high metabolic
levels in support of active life, the com-
plex structure requiring in turn (v)
highly developed mechanisms of inte-
gration and internal regulation through
the nervous, circulatory, and endocrine
systems. The logic has led to levels of
structural and functional complexity
among animals which are without
parallel among other organisms, and
ultimately toward complexity of in-
herited behavior or toward intelligence.
It has led also to a diversification of
structural designs without clear relation
to one another, recognized by systema-
tists in the large number of animal
phyla, which is without parallel in other -
groups of organisms. (There are 20
phyla listed for the Eumetazoa in Table
1, and some authors recognize 25 to 30.)

In adaptation to absorption higher
fungi have evolved: (i) nonmotile life
embedded in the food supply, with (ii)
mycelial organization combining maxi-
mum surface of contact with food with
free movement of food and protoplasm
through the mycelial system, while (iii)
only the reproductive organs emerge
from the food supply to release spores.
The low level of somatic tissue differen-
tiation in the fungi is as much a corre-
late of their way of life as the high level
in the animals is of theirs. Diversifica-
tion of the higher fungi is expressed,
rather, in reproductive structures; and
their classification is largely based on
these.

These logics based on nutrition are
the central meaning of the plant and -
animal kingdoms as long recognized,
and of the fungi as a third major direc-
tion of evolution. The same nutritive
modes necessarily appear among the
unicells. Absorption is the principal nu-
tritive mode among the bacteria; but
blue-green algae and certain bacteria
are photosynthetic or chemosynthetic,
while Bdellovibrio and some of the
myxobacteria are motile (but absorptive)
predators on other unicells. All three
modes and all possible transitions and
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combinations are developed among the
eucaryotic protists, but specialized pro-
tists include plant-like walled cells with
chloroplasts, diverse absorptive forms,
and protozoans with organelles for in-
gestion and internal digestion, sensory
perception, and movement.

Neither the intergradation of these
modes among protists nor specialized
exceptions among higher organisms—
plants which catch insects or micro-
crustaceans, fungi which trap nema-
todes, animals and plants which feed as
absorptive parasites, and the symbiotic
relations of lichens, corals, and so forth
—should obscure the significance of the
nutritive modes in the broad evolution-
ary pattern of the living world.

The Copeland Four-Kingdom System

Given these developments, Copeland
(Z-3) has designed a successful and now
rather widely followed system of four
kingdoms. The kingdoms as Copeland
(3) defines them are: (i) Kingdom My-
chota or Monera. Organisms without
nuclei, the bacteria and blue-green
algae. (ii) Kingdom Protoctista. Nucle-
ate organisms not having the characters
of plants and animals, the protozoa, the
red and brown algae, and the fungi. (iii)
Kingdom Plantae. Organisms in whose
cells occur chloroplasts, being plastids of
bright green color, containing the pig-
ments chlorophyll a, chlorophyll b, caro-
tin, and xanthophyll, and no others; and
which produce sucrose, true starch, and
true cellulose. (iv) Kingdom Animalia.
Multicellular organisms which pass dur-
ing development through the stages
called blastula and gastrula. They are
typically predatory, and accordingly
consist of unwalled cells and attain
high complexity of structure and func-
tion.

Disposition of the green algae
(Chlorophyta and Charophyta) in the
four-kingdom system is a problem. In
Copeland’s (I-3) system they are as-
signed to the kingdom Plantae because
they are part of the evolutionary line
leading to the higher green plants, and
by defining the kingdom by some bio-
chemical characters shared by orga-
nisms of this evolutionary line. The sys-
tems of Rothmaler (52) and Barkley
(53) correspond in design to that of
Copeland, but use different names and
definitions of the kingdoms; these
authors and others (9, 10, 15, 19, 22)
assign the green algae to the kingdom
Protoctista or its equivalent. When the
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kingdom of higher plants is thus nar-
rowed to include only the land plants
(bryophytes and tracheophytes), the

terms “Metaphyta” or “Embryophyta”

seem preferable for this kingdom.
Authors other than Copeland have
used one of these terms, along with
the coordinate term “Metazoa” for the
higher animals, and have preferred the
term “Monera” to “Mychota.”

With these changes as Copeland’s sys-
tem has been applied by others (15, 22),
the four kingdoms may be character-
ized:

1) Kingdom Monera. Procaryotic
organisms, with unicellular or simply
colonial organization (bacteria and blue-
green algae).

2) Kingdom Protoctista (Protista of
some authors). Lower eucaryotic orga-
nisms, with organizations which are uni-
cellular, unicellular—colonial, syncytial,
or multicellular without advanced tissue
differentiation (algae other than the blue-
greens, protozoans, slime molds, and
fungi).

3) Kingdom Metaphyta or Embryo-
phyta. Higher multicellular eucaryotic
organisms with walled cells and green
plastids. Levels of cell, tissue, and organ
differentiation range from limited
(Bryophyta) to intermediate (Tracheo-
phyta); digestive cavities and motility by

contractile fibers are lacking (land plants-

and aquatic plants derived from them).
4) Kingdom Metazoa. Higher multi-
cellular eucaryotic organisms with wall-
less cells and without plastids, mostly
with internal digestive cavities, motility
by means of contractile fibers, and ad-
vanced cell, tissue, and organ differen-
tiation (multicellular animals).
Copeland recognizes a single phylum
in the Monera and does not discuss
phyla of the Metaphyta and Metazoa.
His phyla in the Protoctista are: (i)
Rhodophyta (red algae), (ii) Pyrrophyta
(dinoflagellates and cryptomonads, plus
the euglenoid organisms), (iii) Phaeo-
phyta (yellow and brown algae, includ-
ing the phyla Chrysophyta, Phaeophyta,
Oomycota, and Hyphochytridiomycota
of Table 1), (iv) Opisthokonta (chytrids
and relatives, Chytridiomycota in Table
1), (v) Inophyta (higher fungi, including
the Zygomycota, Ascomycota, and Ba-
sidiomycota), (vi) Fungilli (sporozoans,
including the Cnidosporidia), (vii) Pro-
toplasta (amoeboid and flagellate proto-
zoans, slime molds, and plasmodio-
phores), and (viii) Ciliophora (ciliated
protozoans and suctorians). To these,
some authors would add (ix) Chloro-
phyta, (green algae, including the

Charophyta). Others may prefer also
to treat the euglenoid organisms sep-
arately, or in the Chlorophyta, and
to Jreat the Oomycota as a fungal
phylum separate from the algal line
of the Chrysophyta and Phaeophyta
[in which, as the Chromophyta, Chade-
faud (/1) also includes the dino-

“flagellates and cryptomonads].

The Copeland system has advantages
over the two-kingdom system which
have led to its acceptance in current
textbooks. The traditional kingdoms,
which extend through all levels of orga-
nization, are almost undefinable as units
of classification. The traditional plant
kingdom in particular, with its range of
organization from monerans to higher
plants and higher fungi and its inclusion
of groups with fundamentally different
directions of evolution in relation to nu-
trition, is difficult to define (see, how-
ever, 17). In relation to it Dillon (/8)
has a point in carrying its inclusiveness
one step further and suggesting that
there is really only a single kingdom,
that of the plants, within which are a
number of lines of evolution toward the
forms we regard as animals or as fungi.
Copeland’s four kingdoms are, in con-
trast (especially if the green algae are
transferred to the protoctists), clearly
definable in terms of kinds of organiza-
tion. For the professional biologist they
are workable taxa of broad classifica-
tion; for the teacher of biology they are
effective means of grouping phyla for
discussion.

Limitations of the Copeland System

The system cannot, however, escape
certain difficulties; three limitations
affect it:

1) Of the three major nutritive direc-
tions two, photosynthesis and ingestion,
provide the evolutionary meaning of the
kingdoms of higher plants and higher
animals. The third, absorption as the
nutritive theme of the higher fungi, is
not given coordinate recognition; and
the place of these organisms in the
broad evolutionary pattern of the living
world is not clarified.

2) For the one undrawable line be-
tween plant and animal unicells which
is done away with, another of almost
equal difficulty is substituted, that be-
tween protoctists and higher organisms.
The Protoctista may be thought pri-
marily uricellular, but the kingdom in-
cludes evolutionary lines of varying
development into multicellular or multi-
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nucleate organization and some phyla
which are primarily multicellular or
multinucleate. The consequence for
classification is illustrated in an excellent
treatment by Hutchinson (/5), in which
the difficulties are clearly stated. The
kingdom Protista is, however, defined as
“single celled or colonial organisms.”
The kingdom includes the higher fungi
and the green, red, and brown algae.
The definition is that of the kingdom
Protista but the content is that of the
kingdom Protoctista and belies the defi-
nition. Hutchinson’s (/5) further specifi-
cation, “if colonial usually with little
tissue differentiation,” does not help. An
organism with tissue differentiation is
not a colony of unicells; and the higher
algae and fungi are by no means colo-
nies of unicells despite low levels of
tissue differentiation.

It is consequently appropriate to con-
ceive the Protoctista as a very wide

range of organisms with a very wide
range of intermediate levels of orga-
nization—above the procaryotes, but
below the vascular plants and higher
animals. The line between protoctists
and higher plants and animals is thus
drawn primarily by degree of tissue
differentiation. The brown algae are
placed below this line for lack of
marked tissue differentiation in most,
even though organ differentiation (hold-
fast, stipe, and blade) appears in many,
and a differentiated central vascular
tissue occurs in some. The fungi are
placed below the line because of their
limited somatic tissue differentiation
despite the elaboration of reproductive
organs and tissues (and the specialized
somatic rhizomorph tissue in some).
Mosses, liverworts, sponges, and meso-
zoans are best grouped with more ad-
vanced members of the plant and
animal kingdoms despite lack of or

limited tissue differentiation. An uneasy
boundary between protoctists and higher
organisms results (Fig. 2).

3) The kingdom Protoctista lacks the
unity and clarity of definition which the
system achieves for the other three king-
doms. So wide is the range of organiza-
tion among the protoctists that these
may seem less a kingdom than a con-
federation of those excluded from the
Monera, land plants, and multicellular
animals. Copeland’s phyla of protoc-
tists are, however (even if some changes
in them are desirable), an effective
division of the lower eucaryotic orga-
nisms into broadly defined evolutionary
lines and groupings.

In fairness these points should be
recognized to reflect not so much faults
of the Copeland system as faults of the
living world as a subject of classifica-
tion. There is no good way to separate
the lower and higher eucaryotic orga-

Table 1. A classification of the living world from kingdoms through phyla.

Kingdom Monera (70)

Procaryotic cells, lacking nuclear membranes, plastids, mitochondria, and advanced (9 + 2-strand) flagella; solitary unicellular or colonial-
unicellular organization (but in one group mycelial), Predominant nutritive mode absorption, but some groups are photosynthetic or chemo-
synthetic. Reproduction primarily asexual by fission or budding; protosexual phenomena also occur. Motile by simple flagella or gliding,

or nonmotile,

Branch Myxomonera (71). Without flagella, motility (if present) by gliding
Phylum Cyanophyta (72), blue-green algae
Phylum Myxobacteriae (72), gliding bacteria

Branch Mastigomonera (71). Motile by simple flagella (and related nonmotile forms)
Phylum Eubacteriae (72), true bacteria
Phylum Actinomycota (72), mycelial bacteria
Phylum Spirochaetae (72), spirochetes

Kingdom Protista (73)

Primarily unicellular or colonial~unicellular organisms (but simple multinucleate organisms or stages of life cycles occur in a number

of groups), with eucaryotic cells (possessing nuclear membranes, mitochondria, and in many forms plastids (9 4 2)-strand flagella, and
other organelles). Nutritive modes diverse—photosynthesis, absorption, ingestion, and combinations of these. Reproductive cycles varied,
but typically including both asexual division at the haploid level and true sexual processes with karyogamy and meiosis. Motile by ad-
vanced flagella or other means, or nonmotile (74).

Phylum Euglenophyta, euglenoid organisms

Phylum Chrysophyta, golden algae

Phylum Pyrrophyta, dinoflagellates and cryptomonads

Phylum Hyphochytridiomycota (75), hyphochytrids

Phylum Plasmodiophoromycota (75), plasmodiophores

Phylum Sporozoa, sporozoans

Phylum Cnidosporidia, cnidosporidians

Phylum Zoomastigina, animal flagellates

Phylum Sarcodina, rhizopods

Phylum Ciliophora, ciliates and suctorians

Kingdom Plantae (76)

Multicellular organisms with walled and frequently vacuolate eucaryotic cells and with photosynthetic pigments in plastids (together with
closely related organisms which lack the pigments or are unicellular or syncytial). Principal nutritive mode photosynthesis, but a number of
lines have become absorptive. Primarily nonmotile, living anchored to a substrate. Structural differentiation leading toward organs of photo-
synthesis, anchorage, and support, and in higher forms toward specialized photosynthetic, vascular, and covering tissues. Reproduction pri-
marily sexual with cycles of alternating haploid and diploid generations, the former being progressively reduced toward the higher members
of the kingdom.

Subkingdom Rhodophycophyta (77). Chlorophyll a and (in some) d, with r-phycocyanin and r-phycoerythrin also present, food storage

as floridean starch, flagella lacking.
Phylum Rhodophyta, red algae
Subkingdom Phaeophycophyta (77). Chlorophyll a and c, with fucoxanthin also present, food storage as laminarin and mannitol, zoo-
spores with two lateral flagella, one of whiplash and one of tinsel type. ’
Phylum Phaeophyta, brown algae
Subkingdom Euchlorophyta (78). Chlorophyll a and b, food storage as starch within plastids, ancestral flagellation two or more anterior
whiplash flagella.
Branch Chlorophycophyta (79). Primarily aquatic, without marked somatic cell differentiation.
Phylum Chlorophyta, green algae
Phylum Charophyta, stoneworts
Branch Metaphyta (80). Primarily terrestrial, with somatic cell and tissue differentiation.
Phylum Bryophyta (81'), liverworts, hornworts, and mosses
Phylum Tracheophyta (82), vascular plants
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nisms, there are only different choices
with different difficulties. Given level of
tissue differentiation as the choice, the
assignment of the higher fungi and algae
to the kingdom Protoctista and the
heterogeneity of the kingdom will
follow. The difficulties cannot be over-
looked, but they should not prevent
recognition that this is a reasonable and
workable broad classification of the
living world, with marked advantage
over the two-kingdom system in its
grouping of phyla by levels of organiza-
tion. Copeland’s is a major contribution
to interpretation of the living world.

A Five-Kingdom System

A different response to the problems
of the two-kingdom system is possible.
In this solution: (i) The fungi are ac-
cepted as a third kingdom of higher
organisms, coordinate with the higher
plants and animals. (ii) The line between
these higher organisms and the protists
is placed at the transition from the uni-
cellular to the multicellular and multi-
nucleate conditions. (iii) The higher
algae are then placed in the plant King-
dom along with the green higher plants.
There result the four kingdoms—Pro-

tista, Plantae, Fungi, and Animalia—of

‘the system developed in an earlier

paper (5). Somewhat related systems
have been used by Simpson (20), who
places the fungi as well as the unicel-
lular and higher algae in the kingdom
Plantae, and Pimentel (/3), who sepa-
rates the Monera as a kingdom, groups
protozoans, slime molds, and fungi as
the kingdom Protista, and assigns
eucaryotic algae and land plants to the
kingdom Plantae.

The Monera were a subkingdom of
the Protista in the earlier treatment (5);
current preference is for full separation

Table 1 (continued).

Kingdom Fungi (83)

Primarily (excepting subkingdom Gymnomycota) multinucleate organisms with eucaryotic nuclei dispersed in a walled and often septate
mycelial syncytium, plastids and photosynthetic pigments lacking. Nutrition absorptive. Somatic tissue differentiation absent or limited, re-
productive tissue differentiation and life cycle elaboration marked in higher forms. Primarily nonmotile (but with protoplasmic flow in the
mycelium), living embedded in a medium or food supply. Reproductive cycles typically including both sexual and asexual processes; mycelia
mostly haploid in lower forms but dicaryotic in many higher forms.

Subkingdom Gymnomycota (84). Deviant organizations including in life cycles separate cells, aggregations of cells, and sporulation stages.

Phylum Myxomycota (85), syncytial or plasmodial slime molds
Phylum Acrasiomycota (85), cellular or pseudoplasmodial slime molds
Phylum Labyrinthulomycota (85), cell-net slime molds
Subkingdom Dimastigomycota (86). Biflagellate (heterokont) zoospores present, chytrid to simply mycelial organization, cellulose walls.
Phylum Oomycota (87), oosphere fungi
Subkingdom Eumycota (88). Predominantly mycelial organization, zoospores uniflagellate if present, chitin walls, other characters as stated
for kingdom.
Branch Opisthomastigomycota (89). Uniflagellate (opisthokont) zoospores present, chytrid to simply mycelial organization, mainly aquatic.
Phylum Chytridiomycota (89), true chytrids and related fungi
Branch Amastigomycota (90). Flagellated zoospores absent, simple to advanced mycelial organization (but secondarily unicellular in
yeasts), mainly terrestrial.
Phylum Zygomycota (87), conjugation fungi
Phylum Ascomycota (87), sac fungi
Phylum Basidiomycota (87), club fungi

Kingdom Animalia (91)

Multicellular organisms with wall-less eucaryotic cells lacking plastids and photosynthetic pigments. Nutrition primarily ingestive with
digestion in an internal cavity, but some forms are absorptive and a number of groups lack an internal digestive cavity. Level of organiza-
tion and tissue differentiation in higher forms far exceeding that of other kingdoms, with evolution of sensory—neuro—-motor systems and
motility of the organism (or in sessile forms of its parts) based on contractile fibrils- Reproduction predominantly sexual, haploid stages other
than the gametes almost lacking above the lowest phyla (92).

Subkingdom Agnotozoa (93). Nutrition absorptive and ingestive by surface cells, internal digestive cavity and tissue differentiation lack-

ing. Minute, motile by cilia.
Phylum Mesozoa, mesozoans

Subkingdom Parazoa (94). Nutrition primarily ingestive by individual cells lining internal water canals. Cell differentiation present but

tissue differentiation lacking or very limited; cells with some motility but the organism nonmotile.
Phylum Porifera, sponges
Phylum Archaeocyatha (extinct)
Subkingdom Eumetazoa (95). Advanced multicellular organization with tissue differentiation, other characteristics of the kingdom.
Branch Radiata (96). Animals of radiate or biradiate symmetry.
Phylum Chnidaria, coelenterates
Phylum Ctenophora, comb jellies :
Branch Bilateria (97). Animals of bilateral symmetry.
Grade Acoelomata (98)
Phylum Platyhelminthes, flatworms
Phylum Nemertea or Rhynchocoela, ribbon worms
. Grade Pseudocoelomata (98)
Phylum Acanthocephala, spiny-headed worms
Phylum Aschelminthes, diverse pseudocoelomate worms
Phylum Entoprocta or Kamptozoa, pseudocoelomate polyzoans
Grade Coelomata (98)
Subgrade Schizocoela (99)
Phylum Bryozoa or Ectoprocta, coelomate, ectoproct polyzoans
Phylum Brachiopoda, lamp shells
Phylum Phoronida, lophophorate, phoronid worms
Phylum Mollusca, molluscs
Phylum Sipunculoidea, peanut worms
Phylum Echiuroidea, spoon worms
Phylum Annelida, segmented or annelid worms
Phylum Arthropoda, arthropods
Subgrade Enterocoela (99)
Phylum Brachiata or Pogonophora, beard worms
Phylum Chaetognatha, arrow worms
Phylum Echinodermata, echinoderms
Phylum Hemichordata, acorn worms
Phylum Chordata, chordates

T
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of the Monera and the eucaryotic pro-
tists into different’ kingdoms. Such
separation was suggested as a possibility
(5), and has been carried out in Grant’s
(/4) wreatment. The resulting five-king-
dom system is similar to that of Jahn
and Jahn (8) who, however, grouped
the higher algae with the protists and

recognized a kingdom Archetista for .

the viruses. It is convenient, and may be
justifiable, not to treat the viruses
as organisms. The five-kingdom system
of this author and Grant (/4) may then
be formulated as in Table 1. For clarifi-
cation of taxa above the level of phylum,
definitions of these are stated, and
(though rules of taxonomic priority do
not apply to them) sources and partial
synonymies of names are given. The
relation of the kingdoms to levels of or-
ganization and directions of evolution
affected by nutrition is shown in Fig. 3.

The system differs from that pre-
viously presented (5) in (i) separation
of the Monera from the Protista at the
kingdom level, (ii) recognition of five
phyla, at least, in the Monera, (lii)

Metazoa

Metaphyta

Ycacheophyla

(Ascomycoto,

Inophyto

Monera

suggestion of branches as groupings
between major subkingdoms and their
phyla, and tiv? ireatment of the fungi.
For the lusi. 1he logic of evolutionary
lines characterized by type of flagella-
tion and biochemical characters (49,
54-59, 36) has been carried through in
a manner paralleling that now widely
accepted for major groups of algae (36,
60-64). ;

The lower true fungi (Phycomycetes)
are believed to include four evolutionary
lines of separate deprivation from flagel-
lated unicells. These lines (with their
types of flagellation, the orders of Phy-
comycetes in many treatments of this
group which they comprise, and the
phyla to which they are here assigned)
are: (i) The true chytrid line, zoospore
with a single posterior whiplash or acro-
neme (naked) flagellum, the order
Chytridiales (of walled chytrid orga-
nization), together with the Blasto-
cladiales and Monoblepharidales (with
simple hyphae or mycelia) derived from
them; phylum Chytridiomycota [phy-
lum Opisthokonta of Copeland (3),

Limitedsiniermediate » Advonced
Somatic Tissue Differentiation

Eucaryolic
Multinucleate ond multicellvlar

Lackinge

Colonia!

Solitary

Protoctista

Unicellular

Colonial

Procaryotic

Solitary

Fig. 2. The Copeland system, with relationships of phyla to kingdoms and levels of

organization. In the Protoctista the names not in

parentheses are Copeland’s phyla;

some major groups of protoctists that Copeland includes in these are indicated in paren-
theses. The Opisthokonta equal the Chytridiomycota, the Inophyta equal the Amasti-
gomycota, and the Fungilli equal the Sporozoa of Table 1 and Fig. 3. Only major
animal phyla are indicated. Alternative treatments of the Chlorophyta and Charophyta

are indicated; these are included in the

Protoctista by other authors.

Metaphyta by Copeland (3), but in the

Uniflagellatae of . Sparrow (49)]. (ii)
Hyphochytridiales, zoospore with a
single anterior tinsel or pantoneme

. (plume-like) flagellum, limited to wall-

less chytrid organization; phylum
Hyphochytridiomycota. (i) Plasmodio-
phorales, two anterior whiplash flagella
of unequal length, naked plasmodial
organization; phylum Plasmodiophoro-
mycota. (iv) The biflagellate line, zoo-
spores with one whiplash and one tin-
sel flagellum, the walled, chytrid-like
Lagenidiales and the more advanced,
mycelial Saprolegniales, Leptomitales,
and Peronosporales derived from them:
phylum Oomycota [Biflagellatae of
Sparrow (49)]. An additional group (v)
comprises forms which lack flagella and
have mycelial organization and hyphal
conjugation, Mucorales and Entomoph-
thorales; phylum Zygomycota.

There is suggestion in biochemical
evidence, notably sharing of the amino-
adipic pathway for lysine synthesis, that
the Chytridiomycota may have been de-
rived from flagellates related to the
Euglenophyta and are related also to the
higher fungi (58, 36). It seems likely
that the Zygomycota are derived, with
loss of flagellate swarmers and further
evolution of rnycelial organization, from
the Chytridiomycota, and that the
higher fungi (Ascomycota, Basidiomy-
cota) are derived from the Zygomycota.
The Chytridiomycota, Zygomycota,
Ascomycota, and Basidiomycota in con-
sequence represent the main axis of
evolution into the higher fungi, corre-
sponding to that of the Chlorophyta,
Charophyta, Bryophyta, and Tracheo-
phyta in the plants. Flagellation and bio-
chemical evidence indicate that the
Oomycota are a separate evolutionary
line, and that they more likely origi-
nated from colorless forms related to
the Chrysophyta (58, 59, 3, 36).

The Oomycota and Chytridiomycota
both include progressions from chytrid
to’ mycelial organization. Although I
consider chytrids to be protists, I have
placed these transitional phyla in the
Fungi, in parallel with the Chlorophyta
in the Plantae. The main axis of fungal
evolution, from Chytridiomycota to
Basidiomycota, is designated the sub-
kingdom Eumycota; whereas the bi-
flagellate line of the Oomycota is sepa-
rated from these into the subkingdom
Dimastigomycota (in parallel with treat-
ment of the Rhodophyta and Phaeo-
phyta in the plant kingdom). The two
lines which do not achieve mycelial
organization, the Hyphochytridiomycota
and Plasmodiophoromycota [which to-



gether are the Archimycetes of Giu-
mann (65, 57)] become phyla of
protists, adjacent to absorptive and
spore-forming organisms regarded as
protozoans, the Sporozoa and Cnidospo-
ridia. Other wall-less fungi, the slime
molds, probably include at least three
separate evolutionary lines from the uni-
cellular condition (66), the true slime
molds (Myxomycetales), cellular slime
molds (Acrasiales), and cell-net slime
molds (Labyrinthulales). These have, for
their separate origin and different orga-
nization, been treated as three phyla and
grouped in a polyphyletic subkingdom
Gymnomycota.

This treatment results in a consider-
able elevation of taxa; groups which are
orders and classes in most other classi-
fications become phyla here, in some
cases separated into different branches
and subkingdoms. Recognition of three
phyla of slime molds and seven of chy-
trid and myecelial fungi is not, however,
undue taxonomic inflation. The range
of forms comprised in the fungi is wide,
and the evidence of independent origin
of various fungal and slime mold groups
is clear. It is suggested that true fungi
and slime molds are not best treated as
two phyla, that their designation as such
is in part a consequence of the effort to
treat these groups within the plant or
the protoctist kingdom, and that the ex-
pansion of each into a number of phyla
is more reasonable.

I believe that this system better rep-
resents broad relationships in regard to
both levels of organization and nutritive
modes affecting kinds of organization
than the two-kingdom and Copeland
systems. The red and brown algae and
the fungi may seem better placed, the
former as the higher plants of the sea,
the latter as the third major evolution-
ary direction among higher organisms.
The system may further have much ad-
vantage over the two-kingdom system
and some over the Copeland system in
the coherence and definable character
of the kingdoms as units of classifica-
tion.

Limitations of the Five-Kingdom System

1) The distinction of the unicellular
versus the multicellular and multi-
nucleate conditions becomes the line of
division and difficulty. The phylum
Chlorophyta includes intergrading uni-
“cellular, colonial-unicellular, and multi-
cellular forms and consequently violates
the definition either of the Plantae (in
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which it is placed here) or of the Pro-
tista (in which it could with equal jus-
tice be placed). The slime molds cross
the distinctions of the kingdoms in both
nutrition and organization, and offer a
free choice of treatment as aberrant
fungi, eccentric protists, or very peculiar
animals. The line from the unicellular
to multicellular and multinucleate
organization has been crossed by a num-
ber of independent phyletic lines. I sug-
gest that the transition between the uni-
cellular and multicellular-multinucleate
conditions is a better conceptual division
between lower and higher organisms
than degree of tissue differentiation. The
practical difficulties with borderline
groups are at least as great, and may be
greater, when the separation is based on
the unicellular condition rather than
degree of tissue differentiation. There is’
room for different judgments on the
merits of the two lines of division.

2) The three higher kingdoms are
polyphyleticc. The Rhodophyta and
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Phaeophyta are recognized to have
come from different unicellular ances-
tors than the Chlorophyta; the resem-
blance of these three groups as higher
plants results from convergence. There
is reason also to suspect that these
algae supplement photosynthetic nutri-
tion by absorption (67). Judged by the
criterion of monophyly, the Plantae as
treated here may seem less a kingdom
than an alliance of separate groups
which are multicellular and predomi-
nantly photosynthetic. It is also true
that the Metazoa in its traditional form
is polyphyletic, with separate derivation
to be assumed for two and probably all
three of its subkingdoms. The kingdom
Fungi includes, as indicated, probably
two convergent groups of chytrid and
myecelial fungi and three of slime molds.

3) Even with the multicellular algae
and higher fungi excluded, the Protista
is a grouping of diverse organisms of
disparate directions of evolution. Neces-
sarily, some protist phyla are more

Animalia

Temacula tq
.q

Aschelminthes
Q@/

Absorption
/
'Jge://
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Fig. 3. A five-kingdom system based on three levels of organization—the procaryotic
(kingdom Monera), eucaryotic unicellular (kingdom Protista), and eucaryotic multi-
cellular and multinucleate. On each level there is divergence in relation to three
principal modes of nutrition—the photosynthetic, absorptive, and ingestive. Ingestive
nutrition is lacking in the Monera; and the three modes are continuous along numerous
evolutionary lines in the Protista; but on the multicellular—multinucleate level the nutri-
tive modes lead to the widely different kinds of organization which characterize the
three higher kingdoms—Plantae, Fungi, and Animalia. Evolutionary relations are much
simplified, particularly in the Protista. Phyla aré those of Table 1; but only major animal
phyla are entered, and phyla of the bacteria are omitted. The Coelenterata. comprise
the Cnidaria and Ctenophora; the Tentaculata comprise the Bryozoa, Brachiopoda, and
Phoronida, and in some treatments the Entoprocta.
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closely allied to phyla of the three
higher kingdoms than to some other
phyla of the protists. Yet the kingdom
Protista is definable by a level of orga-
nization (eucaryotic, unicellular); where-
as the higher kingdoms are defined by
kinds and evolutionary directions of
organization on the multicellular-multi-
nucleate level. Such horizontal and
vertical classification, horizontally sepa-
rating an ancestral base-taxon from the
several taxa as evolutionary lines de-
rived from it, may be preferable to
dividing up the intergrading members of
the ancestral taxon and assigning them
to the descendent taxa (68). The pro-
tists are a complex of variously inter-
connected evolutionary lines, of many
evolutionary developments in parallel
and convergence, and of phyla which
have been difficult to delimit and some
of which are doubtless polyphyletic. So
much has been learned of detailed
structure and biochemical characteris-
tics which suggests relationships and
permits grouping into phyla, that we
may hope there is much more under-
standing of the protists to be gained
from further study. The protists as a
kingdom have seemed monophyletic;
but the implications. of possible inde-
pendent acquisition of symbiotic algae
which became chloroplasts, if this proc-
ess is accepted, for origin of the king-
dom and its phyla are still to be ex-

plored (38).

Monophyly is a principal value of sys-
tematics (68, 69), but like other values
is not absolute and will not always be
followed to the sacrifice of other ob-
- jectives. I have chosen to base classi-
fication on three levels of organization
—the procaryotic, eucaryotic unicel-
lular, and multicellular-multinucleate—
and three principal directions of evolu-
tion related to nutrition, which on the
multicellular-multinucleate level are ex-
pressed in the evolutionary divergences
of the three higher kingdoms. The three
higher kingdoms are polyphyletic in
parallel fashions. Each includes a domi-
nant evolutionary line to higher orga-

nisms as its major subkingdom, and

minor subkingdoms which are indepen-
dent experiments in multicellular or
multinucleate organization in one of the
three nutritive directions. In each case
these minor subkingdoms are less widely
successful than the principal subking-
dom, represent somewhat lower and
different organization from it, and may
to some degree depart from the typical
nutritive mode of the kingdom.

Conclusion and Summary .

The proposals for revised broad clas-
sification are consequences of greatly
increased knowledge of the evolutionary
relations of organisms since the time
of the early naturalists. There is ad-
vantage in considering competing sys-
tems of kingdoms of organisms. None

. of these systems can be wholly satisfac-

tory; but it may in time be apparent
which one best expresses the broad re-
lationships of the living world. For the
present, the systems deserve scrutiny by
professional biologists to assess their
merits and the bearing on them of in-
formation available or still to be sought.
The new systems also have value in
teaching, for the additional interest and
coherence they can give to discussions
of the diversity of life. There is no un-
equivocal answer to the choice of a
system of broad classification, but the
question is well worth discussing.

The division of the whole living world
into plant and animal kingdoms is a
consequence of a limited view of that
world, based on familiarity with higher
plants and animals. The two-kingdom
system (i) imposes an unnatural divi-
sion on the one-celled organisms, (ii)
does not treat adequately the place and
distinctiveness of bacteria and higher
fungi, and (iii) by its neglect of great
differences in levels of organization pro-
duces kingdoms which are nearly unde-
finable.

Many of these difficulties are re-
solved in the system of Copeland,
with four kingdoms: Monera (pro-
caryotic cells—bacteria and blue-green
algae), Protoctista (eucaryotic orga-
nisms without advanced tissue differenti-
ation—unicellular and multicellular
algae, protozoa, and fungi), Metaphyta
(multicellular green plants), and Meta-
zoa (multicellular animals). A five-
kingdom system is proposed here, based
both on levels of organization and on
types of organization as evolved in re-
lation to three principal means of nu-
trition—photosynthesis, absorption, and
ingestion. The kingdoms are the Mon-
era, Protista (unicellular eucaryotic
organisms), Plantae  (multicellular
green plants and higher algae), Fungi
(multinucleate higher fungi), and Ani-
malia (multicellular animals). Revised
broad classifications deserve wide con-
sideration, for they may better express
major relationships in the living world
and more effectively classify the phyla
than the two-kingdom system.

@

B8 ®» = ous

-

13.
14,
15.
16.

17.
18.

19,

20.

21,

22.

23.

24,

25.

26.
27.
28.
29,
30.
31

32.

. H. F. Copeland, Ciarr,

References :nd Notes

Xev. Biol. 13, 382
(1938).

, Amer. Natur, €1, 300 11947),

, The Classification oj Lower Qrga-
nisms (Pacific Books, Palo Alto, California,
1956).

. R. H. Whittaker, Ecology 38, 536 (1957).

, Quart. Rev. Biol. 34, 210 (1959).
H. S. Conard, Iowa Acad. Sci. Biol. Surv.
Publ. 2, 1 (1939).

R. Y. Stanier and C. B. van Niel, J. Bac-
teriol. 42, 437 (1941).

. T. L. Jahn and F. F. Jahn, How to Know

the Prorozoa (Brown, Dubuque, Jowa, 1949).

. R. C. Moore, J. Paleontol. 28, 588 (1954).

E. C. Dougherty, Syst. Zool. 4, 145 (1955).

. M. Chadefaud, Traité de Botanique Systé-

matique (Masson, Paris, 1960), vol. 1.

R. Y. Stanier, in Fresh-Water Biology, W.
T. Edmondson, Ed. (Wiley, New York, ed.
2, 1959), p. 7.

R. A. Pimentel, Natural History (Reinhold,
New York, 1963).

V. Grant, The Origin of Adaptations
(Columbia Univ. Press, New York, 1963).
G. E. Hutchinson, A Treatise on Limnology
(Wiley, New York, 1967), vol. 2.

E. B. Copeland, Science 65, 388 (1927); M.
W. de Laubenfels, Life Science, (Prentice-
Hall, New York, ed. 4, 1949); Biology,
(Saunders, Philadelphia, ed. 5, 1967); G.
Deflandre, in Traité de Paléontologie, J.
Piveteau, Ed. (Masson, Paris, 1952), vol. 1,
p. 87; C. B. van Niel, in 4 Century of
Progress in the Natural Sciences, 1853-1953,
E. L. Kessel, Ed. (California Academy of
Sciences, San Francisco, 1955), p. 89; T.
W. M. Cameron, Parasites and Parasitism
(Wiley, New York, 1956); K. A. Bisset, in
Vistas in Botany, W. B. Turrill, Ed. (Per-
gamon Press, New York, 1959), vol. 1, p.
313; Bacteria (Livingstone, London, ed. 3,
1963); E. O. Dodson, Evolution: Process and
Product (Reinhold, New York, 1960); R. E.
Blackwelder, Syst. Zool. 13, 74 (1964); S.
Soriano and R. A. Lewin, Antonie van
Leeuwenhoek J. Microbiol. Serol. 31, 66
(1965).

A. Cronquist, Bot. Rev. 26, 425 (1960); In-
troductory Botany (Harper, New York, 1961).
L. S. Dillon, Syst. Zool. 12, 71 (1963); The
Science of Life (Macmillan, New York,
1964). . )
R. Y. Stanier, M. Doudoroff, E. A. Adel-
berg, The Microbial World (Prentice-Hall,
Englewood Cliffs, N.J., ed. 2, 1963).

G. G. Simpson, C. S. Pittendrigh, L. H.
Tiffany, Life, an Introduction to Biology
(Harcourt, Brace, New York, 1957); G. G.
Simpson and W. S. Beck, ibid., ed. 2 (1965).
J. 'W. Kimball, Biology (Addison-Wesley,
Reading, Mass., 1965); N. J. Berrill, Biology
in Action (Dodd Mead, New York, 1966).
P. B. Weisz, The Science of Biology (Mc-
Graw-Hill, New York, ed. 3, 1967);
and M. S. Fuller, The Science of Botany
(McGraw-Hill, New York, 1962).

W. T. Keeton, Biological Science (Norton,
New York, 1967); H. Curtis, Biology
(Worth, New York, 1968), D. 1. Galbraith
and D. G. Wilson, Biological Science (Holt,
Rinehart & Winston, Toronto, 1966); F.
M. Speed, General Biology (Merrill, Colum-
bus, 1966).

M. Frobisher, Fundamentals of Microbiology
(Saunders, Philadelphia, ed. 8, 1968); E. L.
Cockrum, W. J. McCauley, N. A. Young-
gren, Biology (Saunders, Philadelphia, 1966).
C. Linnaeus, Systema naturae sive regna
tria naturae systematice proposita per classes,
ordines, genera, & species (Haak. Levden,
1735, Salvius, Stockholm, ed. 12, 1766-1768).
J. Hogg, Edinburgh New Phil. J., N.S.
12, 216 (1860).

R. Owen, Palaeontology (Black, Edinburgh,
1860). .

T. B. Wilson and J. Cassin, Proc. Acad.
Nat. Sci. Phila. 1863, (15), 113 (1864).
E. Haeckel, Generelle Morphologie der
Organismen (Reimer, Berlin, 1866).

, Das Protistenreich (Giinther, Leip-
zig, 1878). '

, Systematische Phylogenie, Pt. I.
Systematische Phylogenie der Protisten und
Pflanzen (Reimer, Berlin, 1894).

, The Wonders of Life (Harper, New
York, 1904).




33,

34.
35.

36.

37.

38.
39.

40,
41.

42,

45,
46.

47.
48,

49.

50.

51.

52.

53.

54.
55.

56.

57.

58.

59.
60.

61.

C. C. Dobell, Arch. Protistenk. 23, 269
(1911); G. S. Carter, 4 General Zoology of
the Invertebrates (Sidgwick, London, ed. 3,
1951); L. Moret, Manuel de Paléontologie
Animale (Masson, Paris, ed. 3, 1953).

R. Y. Stanier and C. B. van Niel, Arch.
Mikrobiol. 42, 17 (1962).

P. Echlin and 1. Morris, Biol. Rev. Cam-
bridge Phil. Soc. 40, 143 (1965).

R. M. Xlein and A. Cronquist, Quart. Rev.
Biol. 42, 105 (1967).

R. Y. Stanier, in The Bacteria: A Treatise
on Structure and Function, 1. C. Gunsalus
and R. Y. Stanier, Eds. (Academic Press,
New York, 1964), vol. 5, p. 445.

L. Sagan, J. Theor. Biol. 14, 225 (1967);
L. Margulis, Science 161, 1020 (1968).

C. Mereschkowsky, Biol. Zentralbl. 25, 593

(1905); A. Famintzin, ibid. 27, 353
(1907); H. Ris and W. Plaut, J. Cell
Biol. 13, 383 (1962); J. T. O. Kirk and

R. A. E. Tilney-Bassett, The Plastids (Free-
man, San Francisco, 1967); M. Edelman, D.
Swinton, J. A. Schiff, H. T. Epstein, B.
Zeldin, Bacteriol. Rev. 31, 315 (1967); A.
L. Lehninger, The Mitochondrion (Benja-
min, New York, 1964).

G. F. Atkinson, Ann. Mycol. 7, 441 (1909).
G. W. Martin, Bot. Gaz. 93, 421 (1932);
D. H. Scott and F. T, Brooks, Flowerless
Plants, revised by C. T. Ingold (Black,
London, ed. 12, 1955).

G. W. Martin, Towa Univ. Studies Natur.
Hist, 18, (1), 1 (1940); ed. 2, ibid. 18
(suppl.), 1 (1941).

, Mycologia 47, 779 (1955).

. P. Dangeard, Botaniste 6, 1 (1899); D. P.
Rogers, Bull. Torrey Bot. Club 75, 442
(1948).

M. Langeron and R. Vanbreuscghem, Précis

de Mpycologie (Masson, Paris, ed. 2, 1952).
N. Pringsheim, Jahrb. Wiss. Bot. 1, 284
(1858); C. E. Bessey, Mycologia 34, 355
(1942); Morphology and Taxonomy of Fungi
(Blakiston, Philadelphia, 1950); C. E. Bessey,
in A Century of Progress in the Natural Sci-
ences, 1853-1953, E. L, Kessel, Ed. (Cali-
fornia Academy of Sciences, San Francisco,
1955), p. 225; B. O. Dodge, Bull. Torrey
Bot. Club 41, 157 (1914); H. S. Jackson,
Trans. Roy. Soc. Can. Sect. V 38, 1 (1944).
C. E. Bessey, Nebr. Univ. Studies 7 (4), 1
(1907); ibid. 14 (1), 1 (1914).

F. Cavers; New Phytologist 14, 94 (1915);
A. Scherffel, Arch. Protistenk. 52, 1 (1925);
W. R. Ivimey Cook, New Phytologist 27, 230
(1928); D. H. Linder, Mpycologia 32, 419
(1940); D. B. O. Savile, Can. J. Botany
33, 60 (1955).

F. K. Sparrow, Aquatic Phycomycetes, Ex-
clusive of the Saprolegniaceae and Pythium
(University of Michigan Press, Ann Arbor,
1943); Aquatic Phycomycetes (University
of Michigan Press, Ann Arbor, ed. 2, 1960).
G. M. Smith, Cryptogamic Botany (Mc-
Graw-Hill, New York, 1938), vol. 1; ibid.,
ed. 2 (1955).

E. P. Odum and H. T. Odum, Funda-
mentals of Ecology (Saunders, Philadelphia,
ed. 2, 1959).
‘W. Rothmaler,
(1948),

F. A. Barkley, Rev. Fac. Nac. Agron. Me-
dellin Colombia 10, 83 (1949).

F. K. Sparrow, Mycologia 50, 797 (1958).
F. Moreau, Les Champignons (Lechevalier,

Biol. Zentralbl. 67, 242

Paris, 1954), vol, 2.
C. J. Alexopoulos, Introductory Mycology
(Wiley, New York, 1952); ibid.,, ed. 2,

(1962).

E. A. Gdumann, Die Pilze, Grundziige ihrer
Entwicklungsgeschichte und Morphologie,
(Birkh#duser, Basel & Stuttgart, ed. 2, 1964).
H. J. Vogel, Amer. Natur. 98, 435 (1964).
E. C. Cantino, Quart. Rev. Biol. 25, 269
(1950); ibid. 30, 138 (1955).

A, Pascher, Ber. Deut. Bot. Ges. 32, 136
(1914); Botan. Centralbl. Beih., Abt. 2,
48, 317 (1931); F. E. Fritsch, The Struc-
ture and Reproduction of the Algae, (Mac-
millan, New York, 1935), vol. 1; Bot. Rev.
10, 233 (1944); G. M. Smith, The Fresh-
Water Algae of the United States (McGraw-
Hill, New York, 1933); in Manual of
Phycology, G. M. Smith, Ed. (Chronica
Botanica, Waltham, Mass., 1951), p. 13.
G. F. Papenfuss, in 4 Century of Progress
in the Natural Sciences, 1853-1953, E. L.

10 JANUARY 1969

62.

63.
64.
65,

66.

67.

68.

69.

70.

71,

72.

73.

74.

75.

Kessel Ed. (California Academy of Sciences,
San Francisco, 1955), p. 115.

O. Tippo, Chron. Bot. 7, 203 (1942).

H. J. Fuller and O. Tippo, College Botany
(Holt, New York, ed. 2, 1954).

H. C. Bold, Morphology of Plants (Harper,
New York, 1957).

E. A. Gdumann, Comparative Morphology of
Fungi (McGraw-Hill, New York, 1928).
G. W. Martin, Bot. Rev. 6, 356 (1940);
J. T. Bonner, The Cellular Slime Molds
(Princeton University Press, Princeton, N.J.,
ed. 2, 1967).

G. C. Stephens, personal communication; on
unicellular forms see W. F. Danforth, in
Physiology and Biochemistry of Algae, R. A.
Lewin, Ed. (Academic Press, New York,
1962), p. 99; M. R. Droop, ibid., p. 141;
B. B. North and G. C. Stephens, Biol. Bull.
133, 391 (1967).

G. G. Simpson, Amer. Museum Nat. Hist.
Bull. 85, 1 (1945).

G. G. Simpson, Principles of Animal Tax-
onomy (Columbia University Press, New
York, 1961); P. H. Davis and V. H. Hey-
wood, Principles of Angiosperm Taxonomy
(Van Nostrand, Princeton, N.J., 1963).
Stamm Moneres, Haeckel (29) Monera (30,
31), Kingdom Monera, Copeland (I);
Kingdom Mychota, G. Enderlein, Bakterien-
Cyklogenie (de Gruyter, Berlin, 1925); and
Copeland (2, 3).

Branch Myxomonera and Mastigomonera
are new designations for divisions of the
Kingdom Monera as indicated; the divisions
(but not the designations) following E. G.
Pringsheim, Bacteriol. Rev. 13, 47 (1949);
Stanier (12), and Hutchinson (I15). E. C.
Dougherty, J. Protozool. 4 (suppl.) 14
(1957 has termed these two groups phylum
Schizophyta. F. Cohn, Beitr. Biol. Pflanz. 1,
3, 201 (1875); R. von Wettstein, Handbuch
der systematischen Botanik (Deuticke, Leipzig
& Wien, 1901-1908), and phylum Archephyta
(29), but the suffix -phyta seems inappro-
priate for bacterial groups.

In addition to the Cyanophyta (= Myxo-
phyta), widely accepted as a phylum, three
major bacterial groups, the classes Eubac-
teriae, Myxobacteriae, and Spirochaetae of
Stanier and van Niel (7, 19) are given
phylum status. The mycelial bacteria [ac-
tinomycetes as defined by Stanier et al. (19)]
are regarded as also deserving phylum status
as the Actinomycota, despite the occurrence
among them (as in certain phyla of true
fungi) of nonmycelial forms and the difficul-
ty of the boundary between them and the
gram-positive eubacteria.

Kingdom Protista, Haeckel (29-32) and
others (33, 20, 5, 14); Kingdom Protozoa,
Owen (27).

The phyla of the Protista form a spectrum
from primarily photosynthetic (Protophyta),
through primarily absorptive and spore-form-
ing (which may be designated Protomycota),
to primarily ingestive or otherwise animal-
like (Protozoa). The evolutionary continu-
ities and overlap in nutritive adaptations of
the phyla discourage suggestion of subking-
doms or branches. An intermediate treatment
of protist phyla has been sought. The algal
phyla follow the pattern set by Conard (6),
Tippo (62), and others (I7, 60). Chadefaud
(1), F. E. Round, Brit. Phycol. Bull. 2,
224 (1963), and T. Christensen, Alger
(Munksgaard, Copenhagen, 1962, 1966) group
the Chrysophyta, Pyrrophyta, and Phaeophyta
into the phylum (or superphylum) Chromo-
phycophyta or Chromophyta, and group the
Euglenophyta, Chlorophyta, and Charophyta
into the phylum Chlorophycophyta or Chloro-
phyta s. 1. Some other authors [C. J. Alexo-
poulos and H. C. Bold, Algae and Fungi
(Macmillan, New York, 1967)] divide some
of the algal phyla given into additional
phyla. Despite the continuities of the Zoo-
mastigina and Sarcodina with one another
and protophyte groups, recognition of these
two polyphyletic form-phyla of protozoans
has been preferred to combining them with
the Chrysophytes into the very diverse group
Sarcomastigophora or Rhizoflagellata (15);
B. M. Honigberg et al., J. Protozool. 11,
7 (1964).

New designations at the level of the phylum
for class Hyphochytridiomycetes or order

76.

11.

78.

79.

80.

81.

82,

83.

84.

8s5.

86.

87.

88.

89.

90.

91.
92,

Hyphochytridiales and class Plasmodiophoro-
mycetes or order Plasmodiophorales.
Linnaeus (25); subkingdom Metaphyta,
Haeckel (29-32); kingdom Phytalia, Conard
(6); Plantae, Simpson (20); Whittaker (5).
New  subkingdom  designations, phylum
Rhodophycophyta and Phaeophycophyta,
Papenfuss (61); phyla and subkingdoms
Rhodophyta and Phaeophyta, Whittaker (5).
New designation, Whittaker (5), equals
phylum Chlorophyta of Conard (6); king-
dom Plantae of Copeland (I-3).

With the phylum Chlorophyta defined to
exclude the Charophyta, the term Chloro-
phycophyta, Pappenfuss (61), Chadefaud
(I1) [Phycophyta, Conard, (6)], has been
applied to the branch comprising both.
Haeckel (29-32), narrowed in content to
include the land plants as indicated, thus
narrowed equals Embryophyta; A. Engler,
Das Pflanzenreich (Engelmann, Weinheim,
1900), vol. 1; Conard (6), Tippo (62), and
Cormophyta; S. Endlicher. Genera plantarum
secundum ordines naturales disposita (Beck,
Vienna, 1836-1840),

H. C. Bold, Morphology of Plants (Harper,
New York, 1957), separates the liverworts
and hornworts from the Bryophyta as phylum
Hepatophyta.

Division of the tracheophytes into several
phyla is preferred by some botanists (17,
81).

Order Fungi, C. Linnaeus, Species plantarum
(Salvius, Stockholm, 1753), vol. 2; phylum
Fungi, Martin (42); kingdom Fungi, Jahn
and Jahn (8); Whittaker (5); Regnum My-
cetoideum, E. Fries, Systema mycologicum
(Mauritii, Lund, 1821-32); Kingdom Myce-
talia, Conard (6).

New designation; subkingdom Myxomycota,
Whittaker (5); division Myxomycota, Bold
(81); Mycetozoen, A. de Bary, Bot. Zeitung,
16, 357 (1858) and Z. Wiss. Zool. 10, 88
(1859); Myxomycetes of Haeckel (29) and
others; division Myxothallophyta, Engler (80);
phylum Myxomycophyta, Tippo (62).

New designations at phylum level for classes
or orders of slime molds (56, 66, 81). A
fourth group of slime molds have been de-
scribed as the Protostelida [L. S. Olive,
Mycologia 59, 1 (1967)]. The group multinu-
from strictly unicellular to simply multinu-
cleate in both vegetative and spore-forming
stages; nutrition is ingestive. I interpret these
as protists most closely allied to the Gym-
nomycota (in parallel with the relation of
the hyphochytrids and plasmodiophores to
the Eumycota), best placed in phylum Sar-
codina. .

New designation, Biflagellatae of Sparrow
(49), phylum Dimastigomycetes of Moreau
(55).

Equal classes Oomycetes, Zygomycetes,
Ascomycetes, and Basidiomycetes of authors;
the last two are divisions Ascomycota and
Basidiomycota in Bold (81).

New designation; group Eumycetes, A. W.
Eichler, Syllabus der Vorlesungen iiber
specielle  und  medicinisch-pharmaceutische
Botanik (Borntraeger, Berlin, ed. 4, 1886),
phylum Eumycophyta, Tippo (62), and sub-
kingdom Eumycota, Whittaker (5), minus the
Dimastigomycota.

The phylum or class Phycomycetes, A. de
Bary, Vergleichende Morphologie und Bio-
logie der Pilze, Mycetozoen und Bakterien
(Engelmann, Leipzig, 1884) has been divided
into five phyla, and given new designations
on this level: The primitive Hyphochytridio-
mycota and Plasmodiophoromycota, trans-
ferred to the kingdom Protista, the advanced
Zygomycota, transferred to the branch Amas-
tigomycota, the intermediate QOomycota,
transferred to the subkingdom Dimastigomy-
cota, and the Chytridiomycota., The branch
comprising only the last of these is here
designated the Opisthomastigomycota [Uni-

flagzllatae, Sparrow (49); phylum Opistho-
mastigomycetes, - Moreau  (55); phylum
Opisthokonta, Copeland (3); class Chytri-

diomycetes, Alexopoulos (56)].

New branch designation; phylum Carpomy-
cetes, Bessey (47), plus Zygomycetes; phylum
Inophyta, Haeckel (29), Copeland (3).
Linnaeus (25), Metazoa of Haeckel (29-32),
and others.

Division of the animal kingdom follows L.
H. Hyman, The Invertebrates: Protozoa

159



through Ctenophora (McGraw-Hill, New
York, 1940) in most respects. Some authors
[for example, R. E. Blackwelder, Classifica-
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National Data Bank: Its Advocates
Try To Erase “Big Brother” Image

The computer, for all its promise
and achievements as a tool of modern
technology, is viewed with distrust by
many people who have considered its
implications for personal privacy. They
are uneasy at the possibility that some-
day, perhaps well before 1984, there
will exist a master computer center, a
Big Brother, with voluminous and in-
stantly retrievable data on every Ameri-
can who has lived long enough to get
a social security number, a traffic ticket,
or even a birth certificate, or a report
card from school. The fact that private
credit-rating bureaus and insurance in-
vestigators already have dossiers on
tens of millions of Americans itself
gives substance to these fears and is
beginning to receive attention from
Congress. However, insofar as the com-
puter and personal privacy is con-
cerned, the question which has received
the most congressional attention to
date is that of whether the United States
government should establish a statisti-
cal data center or ‘“national data bank.”

Such a data center—first proposed in
1965 by a committee of the Social Sci-
ence Research Council, a nongovern-
mental group, and later endorsed by a
government task force——would be in-
tended to serve, not investigators seek-
ing information about individual per-
sons, but, rather, scholars and other
users of gross statistics. One of its
principal aims would be to help econ-
omists, other social scientists, and gov-
ernment specialists investigate major
economic and social problems, such as
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those of persistent unemployment and
social disorganization in the big-city
slums.

A score of federal agencies, such as
the Census Bureau, the Internal Reve-
nue Service, and the Social Security
Administration, collect data of various
kinds. The national data center would
store the more statistically significant
data collected by these agencies, and, as
required for special studies, data from
two or more agencies would be matched
up and integrated. In a study of the
causes of poverty, for example, it might
be useful to have census data inte-
grated with data obtained from the so-
cial security and internal revenue sys-
tems. Most social scientists who use
federal statistics extensively probably
support the data-bank concept, though
there now appears to be a general belief
that special efforts must be made to safe-
guard privacy.

Fearing that establishment of such a
statistical center might lead to abuses,
the House Government Operations Com-
mittee’s Special Subcommittee on Inva-
sion of Privacy held 3 days of hear-
ings on the matter, in July 1966. The
subcommittee, headed by Representative
Cornelius Gallagher (D-N.J.), was con-
cerned at some of the testimony of gov-
ernment witnesses, who said the data
center could not integrate or update data
from the collecting agencies without
knowing the identities of individual per-
sons.

Last August, the Gallagher subcom-
mittee issued a report recommending

97. Heteraxonia or Bilateria of B. Hatschek,
Lehrbuch der Zoologie (Fischer, Jena, 1888);
grade Bilateria of Hyman (92).

98. W. Schimkewitsch, Biol. Zentralbl. 11, 291
(1891).

99. T. H. Huxley, Quart. J. Microscop. Sci. 15,
52 (1875).

100, This is a contribution from the Department
of Population and Environmental Biology,
University of California, Irvine. I thank
friends at Irvine and elsewhere for com-
ments.

that the “priority of privacy” be asserted
in designing and setting up the data
bank. The subcommittee suggested,
through a series of questions, that the
data center itself keep data largely in
the aggregate and keep none on identifi-
able individuals. It recommended that
the data bank not be set up in any exist-
ing federal agency, but that it be placed
under its own supervisory commission
and removed as far as possible from the
political pressures of an incumbent ad-
ministration.

These proposed safeguards reflected
fears expressed by the subcommittee’s
lead-off witness, Vance Packard, author
of The Naked Society, whom Gallagher
credits with being one of the first Ameri-
cans to warn that the computer poses
a threat to privacy. In Packard’s judg-
ment there is a real danger that the ef-
ficiencies attainable through assembling
more and more data in one place may
prove irresistible, with the result that a
data center designed as an innocuous
tool for statisticians would become a
kind of electronic Frankenstein’s mon-
ster. “My hunch,” Packard said, “is that
Big Brother, if he ever comes to these
United States, may turn out to be not a
greedy power seeker, but rather a relent-
less bureaucrat obsessed with efficiency.”

Although the Nixon administration
might conceivably decide otherwise, the
outgoing Johnson administration has
concluded that, in view of the wide-
spread mistrust of the national data bank
concept, Congress should not be asked’
this year for authority to establish the
data bank. According to Raymond T.
Bowman, an assistant director of the
Bureau of the Budget who is responsible
for coordinating all federal statistical
services, the administration’s decision
was to continue the interagency review
of tentative plans for a data bank and
to have those plans reviewed also by an
advisory committee, its members to be
made up of such people as constitutional
lawyers, computer experts, businessmen
suppliers of statistical data, and statistics
users (Gallagher would also have the
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