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change from the ancestral condition. Such species are sometimes

called sports. Numerous examples are known. One of the best

known is that of the sudden appearance of hornless (mulley) cattle,

a mutation worthy of recognition as of specific rank. But the dis-

tinction between the gradual development and summation of small

divergencies and the sudden appearances of major differences is not

the only one of interest. The degree to which natural selection affects

the development of divergent organisms also is of importance. Speci-

ation of Opalinidae has two noteworthy features: First, species in

this family do not arise through the sudden appearance of markedly

divergent individuals. This is indicated by the fact that species often

so grade into one another as to make it well-nigh impossible to define

boundaries between species. Second, natural selection has been less

influential in the evolution of the Opahnidae than in the evolution of

very many families. This is evidenced by the same phenomena of

intergrading species, the struggle for existence not having destroyed

the intergrades, but all persisting in apparently equally favorable

relation to the environment. We see, then, that the Opalinidae

diverge by origin of slight differences and that the slightly divergent

forms, having appeared, are unusually free from the action of natural

selection.

This freedom from control by natural selection is due to two factors:

First, to the fact just mentioned that the divergences arising are very

slight and so do not much, if at all, influence success in the struggle

for existence. The several slightly diverse forms are all equally suc-

cessful. The second factor is that the parasites live such secluded

lives in so uniform an environment that they escape the stress of life

;

also there is no diversity of environment to provide peculiar conditions

into which specially adapted organisms might fit. Such divergent

evolution, speciation, as has occurred in the Opalinidae is, therefore,

due less to natural selection and more to the nature of the animals

themselves than in most other families. In the Opalinidae the

internal factors of evolution are not prevented by environmental

influences from expressing themselves. The Opalinidae are what
they are through self-determination to an unwonted degree On this

account their character is self-revealing and not due to molding by
external influences.

Of course, there is one great exception to this statement. The
Opalinidae are parasites, or, more properly, intestinal commensals,

and so much of their character as is in adaptation to life within the

intestine of a host is doubtless in response to this major condition of

their environment. They live bathed in predigested, nutritive fluid,

and probably in adaptation to this condition they have no mouth,

no digestive vacuoles, and, so far as we know, no digestive fluids, and
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they have no organelles for the capture of prey. In such a secluded
habitat they have no need of protective devices, such as trichocysts.
No locomotor organs for rapid locomotion are needed in seeking prey
or in escaping enemies, and so their cilia remain feeble. There seems
to be no use for sense organelles and none seem to be found. With
sensation and locomotion reduced to a minimum, the neuromotor
organs are not emphasized. The excretory vacuoles in some Proto-
opalinas, on the other hand, give Httle indication of bemg reduced.
The simplification of structure in correlation \vith the sunplified life

in the secluded habitat and with an abundance of predigested food
furnished, itself allows less opportunity for the expression of divergent

character, that is for specific differences. Partial removal of the

animals from the action of natural selection allows such features as

do develop through the outworking and self-expression of their own
nature to persist. Natural selection does not suppress such slightly

divergent individuals as do arise, and thus the whole family, especially

the younger genera and subgenera, have but ill-defined species, e. g.,

Zellerielta and the Opalinae angustae. In few, if any, other groups

of organisms is there better opportunity to study the almost unre-

stricted outworking of the tendencies inherent in the organisms

themselves.

Study of the family in the light of these considerations shows us

that there are a number of such trends in them and their evolution

could be described in terms of the outworking and mterweaving of

these trends. (See Metcalf, 1927a.) Some of these trends seem

commonplace—a tendency toward flattening; a trend toward elonga-

tion ; a trend toward posterior pointedness and even the development

of a decided, pointed tail; a trend toward curvature of the body,

always in the same direction; a tendency toward developmg two types

of form in the same species, one slender, the other stocky, the differ

ence being in some cases so great as to have led to mistaking the two

types for separate species. The very remarkable trend is toward

delay in fission after the nucleus has divided, giving rise first to binu-

cleation and later, by the further suppression of additional divisions,

to multinucleation. The habit of delaying fission while characteristic

of the whole family is developed only to the point of producing binu-

cleation in the most archaic genus, Protoopalina, and in the Tertiary

genus Zelleriella, whfle in the Jurassic or early Cretaceous Cepedea

and in the Cretaceous Opalina the habit is emphasized to the pomt

of producing multinucleation.

The Opalinidae, of course, are not the only organisms that show a

habit of suppressing fissions. Many plants fail to separate their

nuclei by ceU waUs, but this may not be a comparable phenomenon.

Among Protozoa certain genera or larger groups are regularly binu-
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cleate, for example, Arcella, Giardia, the Euciliata. Some amoebae
are usually binucleate and some are multinucleate (Pelomyxa). Some
euciliates are multinucleate in certain phases of their life cycle.

In the genus Protoopalina one fission (most species), two fissions

(P. quadrinucleata) , or three or more fissions (P. axonucleata) may be

suppressed ; in Zelleriella only one; in Cepedea and Opalina many. Zel-

leriella arose from some species of Protoopalina in which multinucle-

ation had not appeared. It arose in Patagonia or Antarctica where

those species of Protoopalina that are approaching multinucleation

(subgenus VIII) do not occur. These are eastern Asian or Malaysian

species. The geographical distribution of Zelleriella and its ancestors

thus agrees with the absence of any developed tendency toward mul-

tinucleation.

We have spoken of a trend toward suppression of one or more
fissions. There are other trends in the family—a trend toward

flattening, which receives tv/o independent emphases, first, in the

formation of Zelleriella, second, in the formation of Opalina; a trend

toward elongation, which likewise received two independent (?)

emphases, in the elongated Cepedeas, and in the elongated Proto-

opalinas; and others, I believe that the whole evolution can profit-

ably be discussed from the standpoint of trends, their occurrence, their

origin, their growth, their waning, their disappearance,^^ their inde-

pendence, their interdependence (see Metcalf, 1927a). We find evi-

dence as to the part of the earth and the geologic time in which

appeared emphases upon certain trends: for example, emphasis upon
flattening appeared once in southeastern Asia or in Lemuria in the

Cretaceous period (Opalina), and once in Patagonia at some time

between the middle Cretaceous and the middle Miocene, probably

during the early Tertiary.

In no group of organisms is there better chance to study the nature

of the organisms them^selves as expressed in their evolution, relatively

undisturbed by pressure of their environment. In the evolution of

forms that have left even the fullest fossil record, it is very difficult to

evaluate the environmental factors and the internal factors. The
relative importance of the two classes of factors may be very different

in various organisms. One should, therefore, be very cautious in

drawing general conclusions from one group and applying them to

another group.

One feature of the evolution of the Opalinidae seems of rather

general application to internal parasites. The adaptations to para-

sitism, if they occur at all,^^ are likely to take place promptly, and the

subsequent evolution to be comparatively slow and slight because of

the removal of much of the pressure of the environment. We have

» Suppression might be a better word than disappearance to use here.

i>i Little structural adaptations to parasitism are observed in Batantidium and Nijctotherus, which live

with the opalinids in the recta of Anura.
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seen that the Opahnidae arose in southern, perhaps sub-Antarctic,
lands as early as the Triassic period.^^ ^^^^ ^^ ^^lese archaic forms
are living in the same regions to-day and are almost unmodified.
During at least part of the Triassic period and all the Jurassic, the
Cretaceous, and the Tertiary periods, these primitive species {Pro-

toopalinae of subgeneric group I) have persisted. The bell toad
parasites (Profoopalinae, group II) are practically unmodified after

persisting at least since the Jurassic period ; and so on for other genera

and species for different lengths of time. The widely evidenced gen-

eral principle that evolution is rapid during periods of environmental

change and is slow during periods of environmental uniformity receives

added support from the Opalinidae. Evolution may proceed under

the influence and control of internal factors, but it is likely to be

speeded up when environmental pressure (change) and internal

responses are operating together, but under such circumstances it is

difficult to give proper relative credit to the two sets of factors.

The stream of protoplasm that was, in the Triassic period, and still

is Protoopalina has formed many eddies, species, along its course. At

least 48 of these eddies, and probably others not yet discovered, have

persisted through many milhons of years until the present time.

Doubtless others have disappeared, but the persistence of such

species, eddies, when once formed, is remarkable. Some of these

eddies, Profoopalinae of subgenus I, arose in the Triassic period;

others, subgenus II, probably at the time of the development of the

bell toads, which may have been as late as the earliest Cretaceous,

but not later, although they were probably of Jurassic origin. Still

others, subgenus VIII, were present at a little later period in Asia-

Malaysia when Cepedea evolved. The species of subgeneric group VI

(parasites of Scaphiopus) did not form until some time in the Ter-

tiary, perhaps late in the Tertiary. Through all this immense stretch

of time from the Triassic into the Tertiary the stream was forming

new eddies and occasionally an eddy divided forming two or more

(4 in the case of Protoopalina, subgenus VI), and when formed they

tended to persist, or at least many of them did. The successive eddies

diverge from one another by slight increments of difference, the

species now found forming a remarkably complete series with no

great gaps. Speciation in Protoopalina has not been by sportmg, by

sudden, extensive mutation, but by changes that have been very

gradual, almost every conceivable intergrade between the imperfectly

binucleate P. primordialis and the multinucleate P. axonucleata being

found. This series shows the changes in line with the trend to multi-

plication of nuclei. Especiallyin subgenus VI, very late m this series,

the increments of change between species are slight, lor furtlicr

illustration of the very minute increments of change, mutation, by

13 Probably not much, if any, earlier, for tbe Anura are not much oMcr.
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which the species of Opalinidae diverge from each other, see the

genus Zelleriella and the subgeneric group Opalinae angustae, both of

which we have regarded as comparatively modern. When once the

adaptations to parasitism had been secured, there is no indication, at

any point in the further development, of any speeding up of the proc-

esses of evolution.

A REVIEW OF THE LITERATURE OF THE OPALINIDAE SINCE 1923

In 1909 and 1923 I critically reviewed the literature of the Opa-
linidae. The present review is intended to bring the survey down to

date. First let us mention a few papers that were omitted from the

former reviews or received insufficient reference.

In 1891, L. and L. Zoya discussed the fuchsinophile plastids (bio-

plasts) of Altmann, briefly describing those of Opalina ranarum.

In 1904, Cobb, not mentioning the opalinids, used parasites to

indicate genetic relationships between organisms, much as I (Metcalf,

1928c) used opalinids in discussing paleogeography and geographic

distribution. Cobb's interesting paper should be mentioned in that

connection.

In 1913, Poche, in discussing the taxonomy of Protozoa, mentions

that in opalinids the "generative and morphological nuclei" are not

separated.

In 1916, Mavor discussed Myxidium lieberkiihni, a parasite of

European and American pikes, much as Kellogg discussed the malloph-

agous parasites of birds to indicate descent from a common ancestor.

This paper should have been mentioned in Metcalf, 1928a.

Ghosh, 1918, reports three new (?) species of opalinids from India:

0. [Cepedea] scalpriformis, 0. plicata, and 0. triangularis. (With the

exception of the first, the descriptions are too scant to allow specific

identification.)

Ghosh, 1920, discusses the cytology of Opalina [Cepedea] scalpriformis,

says it is abundant in winter, is comparatively rare at other seasons,

that its "chromosomes" [nucleoli] are six in number, that its length is

24-57^4, its greatest width 8-1 5/*.

In 1920, Tonniges described the mitosis of Opalina ranarum, but it

was not until seven years later (Tonniges, 1927) that he published the

illustrations.

A paper by Chatton and Perard, in 1921, refers briefly to the

Opalinidae and to the fact that their period of encystment corresponds

to the breeding period of their hosts as significant in connection with

the evolution of parasitism. It also mentions the absence of encyst-

ment in Opalina [Protoopalina] saturnalis, a rare condition among
parasitic ciliates.

Two little notes by Metcalf (1922a and b) call attention to alcohohc

specimens of Anura as a source for reasonably well preserved opalinids
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and suggest the utility of the Greek word for guest, ^evos, in forming
names for parasites.

In the same year Kudo (1922) refers to Opalinas from adult Rana
clamitans and R. pipiens as seemingly identical with 0. ranarum.
[0. ranarum has not been found in America. Adult R. clamitans is but
very rarely infected.]

Konsuloff (1922) was inadequately referred to in Metcalf (1923a).

His paper is based chiefly upon 0. ranarum and 0. [Ccpedea] dimidiata;

anisogamy is described, also encystment of quite large multinucleate

individuals; division of endosarc spherules is described [confirmed by
Horning, 1925]; 0. ranarum has much-branched excretory canals in

the posterior part of the body; the endosarc spherules are called

macronuclei [erroneous, see Tonniges, 1927]; the author confirms the

opinion that 0. [zelleri] is a form of the species dimidiata; he describes

many features of the cytology, also extracellular digestion [but gives

no evidence]; in the adults, but not in the tadpoles, the opalinids are

said to be positively geo tactic; endogenous cysts were found within

encysted adults; the agamonts hatching from these cysts are said to

develop directly into adults with no interpolated sexual process [not

shown but not improbable] ; the encystment of zygotes is described as

normal [the claim being founded, perhaps, on finding binucleate

infection cysts, which are quite common] ; the multipUcation of nuclei

of encysted zygotes is described [based perhaps on infection cysts

with more than two nuclei, which are not unusual, as many as 12 or

more sometimes being found. Cf. Brumpt, 1915. Reinfection cysts

in the tadpoles, described by Brumpt, might be formed as early in

the growth as the zygote stage] ; Metcalf 's classification is confirmed

;

there is no formation of nuclei from cliromidia; crystaUine excretory

granules in the cytoplasm are mentioned.

Hegner, in 1922, reported that on a meat diet the tadpoles of

R. clamitans, R. pipiens, and Bujo lentiginosus americanus [B.

americanus] decrease the number of their opalinids.

Metcalf (1923a) described about 125 new species of opalinids,

mostly from Anura long preserved upon the shelves of the United

States National Museum; the geographic distribution of hosts and

parasites was discussed, as well as the probable place and time of

origin and the times and routes of dispersal with reference to paleo-

geographic maps of the successive geologic periods from the Triassic

to the present; a critical chronological review of the opalinid litera-

ture not included in Metcalf, 1909, was given.

The same year Metcalf (1923b) discussed the origin and distribution

of the Anura on the basis of their opalinid parasites and the geographic

distribution of the hosts and parasites.

Spek, in 1923, described the eft'ects of different salt solutions upon

living Opalina ranarum, showing that with changes in the medium



616 PROCEEDINGS OF THE NATIONAL MUSEUM vol.87

there were such changes in the structure of the protoplasm as to

suggest caution in conclusions as to normal structure.

Fantham, in 1923, published the first of a series of six papers

describing new species of opalinids from South Africa, chiefly from

Johannesburg, as follows: 1923, Protoopalina transvaalensis, with

notes upon P. xenopodos and P. mossambicensis; 1924, Opalina sud-

a/ncana; 1927, further notes on P. transvaalensis and 0. sudafricana;

1929, P. appendiculata, P. ovalis, and P. caccosterni; 1930, P. odomixa;

Fantham and Robertson, 1928, P. meridionalis. Measurements and
drawings of all these forms are quoted in the taxonomic portion of

the present paper.

In 1924, Metcalf called attention to the fact that his Opalina

japonica had been previously described by Sugiyama and had been

given the same name.

Hegner, in 1924, reported that in Opalina [larvarum (?)] from tad-

poles of Rana clamitans and R. catesheiana the nuclei are evenly dis-

tributed through the cytoplasm and probably control approximately

equal masses of cytoplasm; that size of body and niraiber of nuclei

are very closely correlated; that by diminution in size of the older

nuclei the ratio between volume of nuclei and volume of cytoplasm

is maintained; that division of one nucleus (and only one) occurs

when the proportion of cytoplasm becomes too great.

Cleveland, 1925, reported that oxygenation at 3.5 atmospheres

pressure killed Opalina within the host in 18 minutes.

The same year, Larson, Van Epp, and Brooks reported the length

of life of Opalina outside the host in 8 different liquids.

Horning, 1925, studied Protoopalina and described mitochondria

and their different forms in all stages of the life cycle, regarding them
as persistent, self-reproducing bodies and not as products of metabo-

lism, "though the latter possibility has not been disproved." Syn-

thesis of vegetative granules (storage products) may take place at

the surface of the mitochondria.

Gatenby and King, 1925, regard Opalina ranarum as a flagellate,

because the cilia "enter right into the substance of the organism and

take their origin from the peculiar granules, 'blepharoplasts' [endosarc

spherules] which exist in very large numbers" [mistaken observation

(?)].

Wenyon, 1926, in his fine, 2-volume Protozoology, accepts Met-

calf's (1923a) classification of the Opalinidae and gives adequate

review of recent literature. He figures [original] encysted Opalina

ranarum with 1, 4, 6, and 22 nuclei [cf. Konsuloff, 1922, and Metcalf,

1909].

In 1926, van Orden and Nelson reported as follows: One specimen

of adult Rana clamitans was found well infected with Opalina; inocu-

lations of R. clamitans with adult Opalina from adult R. pipiens
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(5 inoculations) and B. palustris (2 inoculations), and secondary
transfers from artificially infected R. clamitans (1) and R. catesbeiana

(1), also inoculations of adult R. catesbeiana with adult Opalina from
adult R. pipiens (3) and adult R. palustris (3) and from artificially

inoculated R. clamitans were tried, and upon examination about
once a month gave the following results: R. clamitans, 5 showed no
infection; after inoculation from R. pipiens 2 showed good infections

after 162 and 174 days; after inoculation from R. palustris 1 showed
fair infection after 16 days, a second 82 days after secondary inocula-

tion from an artificially infected R. catesbeiana showed fair infection.

Experiments upon R. catesbeiana: 4 showed no infection after inocula-

tion; 1 gave a good culture 35 days after inoculation from adult

R. pipiens, but none after 71 daj^s; 1 gave a fair culture 105 days
after inoculation from R. pipiens; 3 inoculated from adult R. palustris

and 1 secondarily inoculated from an artificially infected R. clamitans

all were negative, none having established infections.

Ten Kate, in 1926, regarded the sj^stem of fibrils, described in

detail, as having only a supporting function [an interpretation made
doubly improbable by Taylor's (1920) microdissections of Euplotes

and the destruction of coordination in the beat of the cilia by severing

portions of the system of fibrils]. The endosarc spherules are [mis-

takenly] regarded as macronuclei.

Gourvitsch, 1926, redescribed under the [mistaken] name 0. elongata

n. sp. specimens of Cepedea saharana Metcalf from R. esculenta ridi-

bunda from Tashkent, Turkestan [see Metcalf, 1927b].

Da Cunha and Penido, 1926, described Zelleriella piscicola from a

catfish (?) from the Paraguay River.

Tyler, 1926, stated that Opalina may live 25 days without change

of medium, in modified Putter's fluid used according to Konsuloff,

1922.

IVIetcalf, 1926: In the tadpoles of the hosts the opalinid parasites

start their development in the condition of Proioopalinae of the most

primitive subgenus and pass through larval stages corresponding to

the phylogeny of the family until they reach their definitive character.

Zelleriella passes through a Protoopalina stage; Cepedea through suc-

cessive Protoopalina stages, including at least subgenera I and VIII

of the present paper; Opalinae latae add to this series the broad, flat

stage characteristic of the adult; the Opalinue angustae pass through

all these stages, then become definitively narrow, thus confirming the

course of the phylogeny as I had before outlined it.

Klein, 1926, described and figured a very primitive "silver line

system" in Opalina ranarum. The basal granules of the cilia and the

longitudinal striae impregnate with the silver, the former being

blacker.
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Bhatia and Gulati, 1927, reported opalinids as follows from India:

From Bana tigerina, Opalina coracoidea lahorensis, new subspecies,

new host, new locality; from R. cyanophlictis, 0. ranarum, new lo-

cality; from R. hexadactyla, 0. lata, new host, new (?) locality; from
Bujo melanostidus, Cepedea metcalfi, new species, C. punjabensis, new
species, C. sialkoti, new species.

Metcalf, 1927a, discussed the evolution of the Opalinidae from the

standpoint of certain trends (to flatness, to elongation, to posterior

pointedness, to delay in division of the body, to delay in completion

of mitosis), phenomena so distributed among the subdivisions of the

family as to involve either repeated fortuitous appearance of these

characters, a thing not to be believed, or trends resident in the germ-
plasm. These conditions are compared with similar phenomena in

the Ophryoscolecidae and the Salpidae, and the relation of trends to

evolution is discussed.

Tonniges, 1927, described mitosis in Opalina ranarum, bringing it

into line with that of other organisms. Eight ''macrochromosomes"

[nucleoli] are described, 24 "microchromosomes" [chromosomes]. The
"nucleolus" disappears during mitosis [against Metcalf, 1909). Ami-
totic division is described and figiu-ed by the author. Figures of

mitosis and of direct division, prepared in 1897, are here published

for the first time.

Metcalf, 1927b, points out that Gourvitsch's Opalina elongata is

Metcalf's Cepedea saharana.

Lavier, 1927, describes four infections of Protoopalina nyanza from
a lizard, Varanus niloticus, from the shores of Lake Victoria Nyanza.
The description is quoted in the present paper.

Sokolska, 1927, reported for Opalina ranarum the Golgi apparatus
'

and mitochondria as disk-shaped bodies strewn through the cytoplasm,

consisting of a lipoid membrane and a wealdy staining globule upon it

[seeming from the illustrations to be the endosarc spherules], and also

a line of granules down the axis of each cilium, figured and interpreted

as mitochondria.

Larson, 1928, reported rearing Opalina in Cleveland's, Putter's,
^

Locke's, and Kinger's solutions, adding egg albumin or blood serum I

[not predigested], Putter's fluid plus blood serum seeming the best

[worth retesting to see if opalinids do use undigested food]. Adding
a bit of rectal wall and subculturing every day or every second day
make it possible to maintain a culture a month or more.

Metcalf, 1928a, discussed with the aid of their Protoopalina para-

sites the origin and spread of the bell toads, Discoglossidae. P.

stejnegeri, new species, from Ascaphus truei is described.

Harrison, 1928, discussed host-parasite relations including those of

the Opalinidae and their anuran hosts. Reference was made to

i
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Metcalfs studies on the geographical distribution of the opahnids
and their hosts.

Larson and Allen, 1928, reporting again upon rearing of Opalina,

said that 80 out of 166 specimens of Rana pipiens were "sufficiently

heavily parasitized for use" with Opalina obtrigonoidea.

Keichenow, 1928, reported that the granules of the nuclei give posi-

tive reaction with Feulgen's stain, while the endosarc spherules do
not. [There is evidence, some of it unpublished, that nuclear struc-

tures which at times react strongly to Feulgen's stain, under other

conditions do not.]

Swarzewsky, 1928, compared sexual and presexual phenomena in

Spirochona elegans with those in Opalinidae and euciliates in general.

Metcalf, 1928b, discussed, in the light of Boveri's hypothesis as to

the fundamental nature of cancer (Boveri, 1914), certain abnormal

individuals of Opalina obtrigona, Zelleriella, and Protoopalina caudata.

Metcalf, 1928c, discussed, before the American Society of Para-

sitologists, parasites and the aid they give in problems of taxonomy,

geographical distribution, and paleogeography. (Tliis is but an ab-

stract. See Metcalf, 1929a, for full publication.)

Thompson and Robertson, 1929, made no reference to the Opalinidae,

except showing a good, original microphotograph of Opalina ranarum

and making the [erroneous] statement that Opalina occurs in nearly

every frog.

Doflein and Reichenow, 1929, give in the third volume of their

textbook a full account of recent work by numerous students, with

some original drawings. [Metcalf is erroneously reported as having

described a Zelleriella stage in the development of Opalina; see p.

1164]. The nuclear nature of endosarc spherules is opposed.

Van Overbeek de Meyer, 1929, after a review of the literature of

the Opahnidae, reported: (1) Opalina cysts from adult frogs develop

in two ways, one with and the other without interpolation of the

sexual process [this is probable but not yet estabhshed by sufficiently

guarded, critical experunent]. (2) The term "ectoplast" is preferred

to ectoplasma. (3) There are no neurofibrillae in the iimer layer of

the "ectoplast.' (4) The basal granules of the ciha arise in situ

from a fibril of ectoplast and independently of the nucleus. (5) A
fibrillar system develops temporarily as a network of supporting ele-

ments, its origin depends upon the state of development of the

plasma. (6) The cytoplasm shows during the growth of the animal

a definite development by which the number and size of spaces in

the plasma slowly increase up to almost the adult condition. After

this the cavities become again smaller and fewer, while the plasma

connections between become thicker, the plasma thus becoming again

compact. During encystment this process is reversed but goes more
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rapidly and with less evident stages. (7) In the adult there is no
pellicula, but instead a tough, cheeselike condition of the plasma
itself, which serves to retain form of the body. (8) Drying causes

prompt gelation of the plasma. (9) There appears to be a centrum
for cilia movement at the anterior end of the body, apparently in

the growth zone of the cilia. (10) The ectoplasmic and entoplasmic

inclusions seem to be stages of one and the same secretion process.

(11) Bhatia's doubtful report of isogametes is quoted with approval

[not confirmed by recent students]. (12) The fibrils associated with

the rows of cilia on the upper side of the hodj are not continuous with

those on the under side, but the two sets meet and join, at irregular

intervals, a coarser transverse fiber at the anterior edge of the body.

The paper contams important details of cytology and development

not here mentioned. The author does not call attention to it, but

one observes the fact that, in his careful detailed drawings, no single

instance of apparent fission of endosarc spherules is shown [see

Horning, 1937] [many statements of de Meyer need confirmation.]

Metcalf, 1929a, published in full the paper abstracted in MetcaK,
1928c. Cobb's paper, 1904, and Alavor's, 1916, should have been

included in the discussion.

Metcalf, 1929b, pointed out that the Opalinidae are pivotal forms,

instructive, first, as to the origin of the Euciliata, and, second, as

parasites that, along with their anuran hosts, lend themselves with

peculiar advantage to host-parasite studies of paleogeography.

Metcalf, 1929c: The occurrence of a reputed leptodactylid, Heleo-

phryne, in South Africa, while the home of this family is in South

America and Australia, is discussed as a bit of evidence that a South

Africa-Patagonia connection was present and that it persisted until

somewhat later than is usually thought, that is, into the Cretaceous

period, or possibly the Tertiary, provided that Heleophryne is, indeed

a leptodactylid.

Higgins (1929) quoted Metcalf's observations (1926) upon a

succession of larval forms in the development of Opalina larvarum,

forms that repeat the phylogeny of an Opalinae latae, and compares

with these phenomena the very divergent forms of Nyctotherus

cordiformis found in larvae of American frogs and toads.

Haye, 1930, quoted with disapproval van Overbeek de Meyer's

[mistaken] suggestion that the "excretory canals" [not canals] of

Cepedea dimidiaia are artifacts. Haye foimd none present in Opalina

ranarum [cf. Konsuloff to the contrary, 1922] He [mistakenly] calls

the endosarc spherules macronuclei. The excretory apparatus he

attributes to degeneration [error, though in individuals kept under

unfavorable conditions it may increase in size]. He [mistakenly]

interprets the cytomicrosomes as bacteria.

J
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Konsuloff, 1930, discussing the nuclear nature of the endospherules,
said that these disk-shaped bodies are macronuclei, are permanently
formed structures, have an evident, thick membrane, divide without
chromosome formation, disappear during the sexual process to reap-
pear later. He [erroneously] says that de Meyer and also Metcalf
would have accepted the macronuclear nature of the spherules if

they had beheved that the spherules divide, a conception for which
Konsuloff and especially Horning (1937) give evidence. [Not so.

The macronuclei of eucihates are true nuclei, derived from micro-
nuclei. This cannot be true of the endospherules of opalinids. They
may possibly be composed of, or derived from, metabolic chromatin,

as Metcalf, 1909, suggested (cf. Reichenow, 1928), but they are not
metamorphosed nuclei.]

At the Christmas meetings of the American Society of Zoologists

in New York City in 1928 Kofoid and Dodds reported work upon
Opalina obtrigonoidea and 0. virguloidea. The abstract of their revo-

lutionary paper is quoted here. "Mitosis in the two species has been

studied. At nuclear division an extranuclear centrosome divides and
the daughters migrate to the poles of the elongating nucleus, forming

an extranuclear paradesmose, as in the flagellates. Each nucleus has

a slender rhizoplast running from the centrosome on the periphery

of the nuclear membrane to a basal granule—in reality the blepharo-

plast—from which the flagellum, the so-called cilium, emerges. From
the blepharoplast another rhizoplast runs down to the so-called endo-

plasmic spherules, which are interpreted by us to be parabasal bodies.

The unit of the neuromotor system in the species observed thus con-

sists of the following parts: the flagellum, its blepharoplast, parabasal

body and its rhizoplast, and, if attached to a nucleus, the rhizoplast

running from the blepharoplast to the centrosome on the nuclear

membrane. The blepharoplasts are arranged in spiral lines and the

parabasal bodies are distributed below them less clearly showing the

spiral arrangement. The neuromotor units are thus considerably in

excess of the number of the nuclei. A similar relation has been

evolved in a number of multicellular types of flagellates found in the

termites, in which, as in the genus Calonympha, there are more neuro-

motor units than there are nuclei. The neuromotor system and the

type of mitosis in the opalinid Protozoa are clearly homologous to

that of the flagellates. In the light of these facts, it is logical to trans-

fer the Opalininae from the Ciliata to the Flagellata." [Publication

in full must precede adequate criticism, but we may note: (1) that

no other students have shown centrosomes, even after prolonged

search by a great variety of techniques; (2) that the appearance of a

longitudinal fiber upon the caryotheca of the dividing nucleus is

occasionally seen, especially in the living animal, but prolonged
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attempts to demonstrate this in stained material have failed; (3) that

connection between basal granules and nuclei has not been demon-
strated and if present would be exceedingly difficult to trace among
the very numerous fibrils that permeate the cytoplasm in every

direction; (4) that connection of endoplasmic spherules to the neuro-

motor system has not been seen by others, and Horning's and also

Scott and Horning's studies indicate that the spherules are connected

with a structurally and functionally different set of organs; (5) that

the basal granules ("blepharoplasts") are much more numerous than

the endoplasmic spherules ("parabasal bodies") and that there is no

comparable spiral arrangement of the two sets of structures; (6) that

relationship of both Protociliata and Euciliata to the Flagellata is

altogether probable, and it seems perhaps possible that there may be

a bit closer relationship between Protociliata and Trichonympha,

but comparison of Ciliata and Protociliata is closer and more
significant.]

Noble, 1931, referred to the evidence from Zelleriella, cited by

Metcalf, that this genus and its leptodactylid hosts were never in

northern continents and so must have passed between South America

and Australia by some Southern Hemisphere route, and he demurs,

saying, "It may well be, however, that the northern opalinids were

not in existence at the time the present southern opalinids were being

carried south by whatever species they happened to parasitize at the

time" [a sentence whose meaning in this connection I cannot solve].

Hegner (1931) reported on August 29, 1930, to the Helminthological

Society of Washington that of 10 adult Rana clamitans from JMount

Desert Island, Maine, none were infected; that the opalinids are lost

during the metamorphosis of the tadpoles, between the stages showing

only hind legs and the stages with all four legs evident. Young green

frogs could not be infected by mouth or by rectum with opalinids

from green frog tadpoles [cf. van Orden and Nelson, 1926]. Opalinids

were found in tadpoles of tree frogs [species not mentioned] during

all stages of metamorphosis and also in the "young adult" tree frogs.

He expresses the opinion that apparently some digestive secretion

peculiar to the green frog appears during metamorphosis that renders

the rectum of this species unfit as a habitat for opalinids.

Merrill, 1931, in a lecture before the Washington Academy of

Sciences, discussed the relations of Philippine biota to the faunas and

floras of Malaysia and Australasia and showed frequent changes in

connections between lands in these areas during and since the Pliocene

period. These affected the distribution of the opalinids and their

anuran hosts and are referred to in the present paper.

Richardson and Horning, 1931, described, with adequate figures,

"mitochondria" in Protoopalina, "together with associated, synthe-
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sized vegetative granules and Golgi bodies, as evidenced by their

behavior, morphology and staining reactions."

De Mello, 1931, described parasitic infusorians in Rhacophorus
maculatus in Nova Goa, among them Opalina virgula Dobell, Cepedea

longa Bezzenberger, and Cepedea thiagi de Mello.

Scott and Homing, 1932, reported that Opalinas from the rectum

of Rana pipiens [doubtless 0. obtrigonoidea] when imbedded in paraffin

and microincinerated according to the technique of Policard, and then

examined by dark-field illumination, retained their distinctive cyto-

plasmic morphological characters in the ash deposited in the same
topographic relations as those shown by the cell-inclusions in stained

specimens. The coarse vegetative granules, the myonemata and the

cilia were "perfectly preserved." The more or less abundant chro-

matin, however, left httle or no ash, in marked contrast with Scott's

findings with amphibian and mammalian nuclei.

Chen, 1932a and b (abstracts), described mitosis in a species of

Zelleriella. He found that the behavior of chromosomes is essentially

the same as that in the Metazoa and Metaphyta. Among the 24

chromosomes found in this species the six shortest ones could be recog-

nized in every dividing nucleus. (See comments by Metcalf in Chen,

1932a.)

Patten, 1932a, a preliminary note.

Patten, 1932b, made a detailed study of the endoplasmic bodies in

Opalina ranarum. The endospherules in this opalinid are said to be

somewhat flattened disklike structures or dumbbell-shaped forms.

Usually in sections cut parallel to the flattened surface of the organ-

ism these bodies are rounded or rather irregular in shape, while in

sections cut transversely to the flattened surface they are mostly

rod-shaped or frequently drawn out into dumbbell-shaped forms,

while in oblique sections every form may be seen with gradations from

rod-shaped to u-regular shapes. Richardson and tlorning had pre-

viously considered that two types of bodies are present: The irregu-

lar, famtly staining granules—the vegetative granules—and the rod-

shaped or dumbbell-shaped mitochondria. According to Patten there

is but one class of body in Opalina ranarum. The rod and irregular

bodies are thought to be but two aspects of the same body. She

furnished additional evidence supporting her view in that the dumb-

bell forms (mitochondria of Horning), as well as the irregular forms,

are well shown by alcoholic fixatives that normally dissolve the

mitochondria. Living material was also studied. It was her belief

that these endoplasmic bodies are probably neither Golgi bodies nor

mitochondria. She does not beUeve that they are identical with the

macronuclei of other ciliates, as Konsuloff and others claimed. She

was inclmed to beheve that the endospherules may be concerned with
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storage or synthesis of food materials. In addition to the bodies

mentioned above, she found very fine granules in the endoplasm,

which are always spherical and very similar in size, considered by her

to be mitochondria.

De Mello, 1932, described among other opalinids from Malabar one

new species: Ce'pedea subcylindrica from Bufo melanostictus. [The

description is too scant.]

Nie, 1932, reported the presence of four species of opalinids in

Rana limnocharis Gravenhorst, found in Nanking, China, three of

which were new: Protoopalina limnocharis, Opalina undulata, and 0.

acuminata.

Carini, 1933b and c, described two new species of Zelleriella from

Brazil: Z. falcata in Engystoma ovale and Z. cornucopia in Lepto-

dactylus ocellatus.

Ivanic, 1933, described mitosis in Cepedea dimidiata Stein in Bufo
vulgaris Laurenti. C. dimidiata has numerous typical vesicular

nuclei and disk-shaped bodies. The vesicular nuclei have a mem-
brane, a plastin karyosome, and a ball of Hnin on which are scattered

chromatin granules. The chromatin granules are arranged in 6-8

longitudinal rows [chromosomes] on the spindle and divide. Accord-

ing to Ivanic the "macrochromosomes" are only clumps of plastin

karyosome; the "microchromosomes" are the rows of chromatin

granules on the spindle. Ivanic believes that the discoid bodies are

small nuclei with the same structure and behavior in division as the

large nuclei [probably a mistaken observation]. The discoid bodies

divide by mitosis [an observation which needs to be confirmed] and
are present throughout the life cycle.

Zingher, 1933, reported the presence of fat inclusions in Opalina

ranarum. He noted that in the smaller individuals the fat bodies are

much larger and more nmnerous than those in the larger specimens.

In the larger specimens the fat bodies are more uniformly distributed,

whereas in the smaller specimens there is an accumulation of these fat

bodies at one end of the body. In the opalinids found in tadpoles

these fat bodies are entirely lacking.

Stabler, 1933, was the first to identify correctly the endamoebae
parasitic in the opalinids that had previously been erroneously thought

to be a new genus

—

'^Brumptina" by Carini (1933a). Stabler found

both trophozoites and early cystic stages of this Endamoeba in the

Zelleriellas from Arizona and Panama. The amoebae rest in small

pockets in the endoplasm of the opalinid. In any one opalinid, all

the amoebae were found in very nearly the same stage of development,

i. e., all cysts or all trophozoites. [Stabler's report was independently

confirmed by Carini and Reichenow, 1935; the latter two investigators

described the amoebae in greater detail]. This is but an abstract.

See Stabler and Chen, 1936, for full publication.



OPALINID CILIATE INFUSORIANS—METCALF 625

Metcalf, 1934a, gave a summary of the results of his concomitant
studies of the taxonomy and geographical distribution of the Anura
and their opalinids. Detailed data may be found in the present paper.

Ivanic, 1934a, stated that the endospherules are true nuclei. He
found that in atypical infection cysts that lack vesicular nuclei the

endospherules develop into vesicular nuclei [this report needs con-

firmation].

Ivanic, 1934b, stated that the vesicular nucleus of 0. obtrigona carries

on the linin network one or more plastin masses in addition to the

chromatin granules. The chromosomes develop from a spireme at

the time of nuclear division. The plastin karyosomes are distributed

more or less irregularly to the daughter nuclei, but they may also

divide into daughter karyosomes. The persistence of plastin material

through the entire division process indicates that it is promitotic in

origin. The endospherules described by Mayer in 0. ranarum as

being connected with nutritive processes are actually small vesicular

nuclei. [Probably an erroneous belief.] The author believes that

these can arise "de novo" and grow to normal size. [This needs

confirmation.]

Valkanov, 1934, was of the opinion that the so-called "macro-

chromosomes" and nucleoli are homologous and that they are to be

considered as trophic elements. He also believed that there is only

one type of nuclei in the opalinids against Konsuloff and Ivanic.

Nie, 1935, described the opalinids found in the amphibians from

Nanking, China. Among others the following new species and sub-

species were described: Proioopalina caudata microhyla in Microhyla

ornata; P. pingi in Rana plancyi Lataste; Zelleriella orientalis in

Microhyla ornata Boulenger; Opalina cheni in Kaloula borealis Bar-

bour; and 0. obtrigonoidea forma lata in Kaloula borealis Barbour.

Wenrich, 1935, showed that host-parasite relationship in the

Opalinidae is not specific, since each of the four genera of opalinids

has species distributed through four families of anurans and two of

the genera of these ciliates a]so have species in the tailed Amphibia.

He also cited the experimental cross infections of opalinid hosts made

by Metcalf (1909), indicating that there is no rigid host-parasite

specificity.

Carini and Reichenow, 1935, described the endamoebae parasitic in

Zelleriella from South America. The amoeba trophozoites measure

8-14m, the cysts 8-12)u. The structure of the cysts and tropho-

zoites of amoebae was described in some detail, and resemblance of

this amoeba to Endamoeba ravarum was pointed out. They believe

that this amoeba is either identical to E. ranarum or a species (or race)

derived from it.

Carini, 1935, reported the presence of Opalina in Brazil.

166877—40 11
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Chen and Stabler, 1935, found that the endamoebae parasitic in the

opalinids have a very wide geographical distribution. This is but an

abstract. See Chen and Stabler, 1936, for full publication.

Stabler and Chen, 1936, described in some detail the endamoebae

parasitic in the opalinids. Trophozoites and cysts of Endamoeba

were described in detail, variations noted. The endamoebae seem to

produce no serious effect on the opalinids, as the latter swim actively

in the saline solution and undergo binary fission even though heavily

parasitized. The endamoebae in a species of Zelleriella from Chile

were found invaded by a Sphaerita-\ike organism. No specific

name was given to this Endamoeba, which closely resembles E.

ranarum.

Chen and Stabler, 1936, found that the endamoebae parasitic in

the opalinids have a very wide geographical distribution, being found

in Egypt, China, Ceylon, the United States, Panama, Brazil, Uruguay,

and Chile. Different species belonging to all the four genera of the

family Opalinidae have been found parasitized by the amoebae. The

amoebae were also found in cysts of opalinids, thus constituting an

important method of transmission of amoebae from adult anurans

to tadpoles.

Hegner, 1936, found that certain flagellates in the frog seem to live

longer than certain ciliates, after the host is dead. Oi)alina lived

for at least 4 days after the anuran host (frog) had died.

Ivanic, 1936, described the mitosis in Opalina ranarum and in 0.

obtrigona. According to him the resting nucleus contains "plastin"

in one or more pieces. This "plastin" material may partly disappear

during mitosis and may be irregularly distributed to the daughter

nuclei. He believes [correctly] that there are no "macrocliromo-

somes" and "microchromosomes" but only one type of chromosomes

derived from the chromatin granules in the resting nucleus [no refer-

ence was made to the work of Pfitzner on Opalina ranarum in 1886

and to Tonniges' work on the same species in 1927].

Chatton and Brachon, 1936, on the basis of the arrangement and

fate of cilia lines of opalinids during division suggested that opalinids

are intermediate between the flagellates and ciliates.

Chen, 1936a and b, gave a detailed account of mitosis in Zelleriella.

He reported that the behavior of chromosomes during mitosis is

essentially the same as that found in multicellular organisms. He
found, for the first time for opalmids, (1) that the chromosomes are

of different sizes and shapes and can be individually recognized;

(2) that there are two chromosomes of each size and shape, indicating

diploidy; (3) that the nucleoli are constantly associated with certain

portions of certain chromosomes: (a) Depending on the subspecies,

there may be 4 or 6 nucleoli formed respectively on 4 or 6 (2 or 3

pairs) of the 24 chromosomes; (6) the location of the nucleolus is
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identical on the members of each chromosome pair; (c) the chromo-
some segment on which the nucleohis is located may undergo con-
siderable structural modification; (d) the behavior of the nucleolus-
boaring chromosomes durmg mitosis is the same as that of the other
chromosomes; (e) when two nucleoU are close together they may
fuse, thus giving rise to apparent variation in the number of nucleoH
within the species which has been so often reported by other investi-

gators; (J) in the resting nucleus the nucleoH are arranged at random
and are located at the periphery; these nucleoH were mistaken for

chromosomes by many previous investigators; (4) that the so-called

"macrochromosomes" in the opalinids are not chromosomes but
nucleolar regions of certain chromosomes; (5) that the so-called

"mid-mitotic resting stages" in the opalinids as described by other

investigators are misinterpretations. (Nucleoli in the resting nucleus

were considered as cliromosomes, while the chromatin reticulum

was overlooked by them.)

Chen, 1937, described a new method for preserving and shipping

smears of opalinids.

Carini, 1937, described seven new species of opalinids found in

Brazil: Opalina faber in Hyla faber; 0. elongata in Hyla faber; 0.

nebulosa in Hyla nebulosa; 0. rugosa in Hyla nebulosa; 0. rubra in

Hyla rubra; 0. raddiana in Hyla raddiana; and 0. mogyana in Hyla

leucophyllata. [The descriptions of some of these species are too

scant to allow specific identification.]

Homing, 1937, reported some experimental studies on the cyto-

plasmic inclusions of opalinids. In addition to the Golgi bodies that

Richardson and Homing (1931) described, Homing distinguishes two

principal cytoplasmic components: the mitochondria and the vegeta-

tive granules of the endoplasm. The mitochondria react to experi-

mental conditions such as alterations in the pH of the external me-

dium and cellular injury. Under the influence of radium radiations

the mjtochondria are re-oriented so that they assume a transverse

polarity to the longitudinal axis of the organism. Later the mito-

chondria are segregated by the radiations so that they lie apart from

the vegetative granules with which they are closely associated in the

normal organism.

Lavier, 1937, reported the absorption of bile pigments by the

trophozoites and cysts of opalinids. The bile pigments may be de-

posited in the opalinids in the form of brownish-red crystals.

Sandon, 1938, reported the presence of Zelleriella in South Africa.

Z. (africana A) and Z. {africana B) were found in the rectum of two

species of Rana from the neighborhood of Capetown.

Carini, 1938b, revised the genus Zelleriella inhabiting Leptodadylus

ocellatus in Brazil.
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